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T A B L E 0 F C 0 N T E N T S 

I 

PION INTERACTIONS 

I.A np and nd Interactions 

.1 Corrections to the Glauber Model at Medium Energies in the Scatter-

ing off Two Potential Centres - M. BJeszytlski and T. Jaroszewicz 

.2 Can One Recognize Resonance Poles from an Argand Diagram? -

I. R. Afnan and A. W. Thomas 

. 3 Relativistic 3-Body Calculation of nd Scattering - R. Aaron, E. J. 

Moniz and R. M. Woloshyn 

.4 Low Energy Pion Nucleon Scattering - P. Bertin, B. Coupat, J. 
/ Duclos, A. Gerard, D. Isabelle, A. Magnon, J. Miller, J. Morgen-

stern, J. Picard, R. J. Powers and P. Vernin 

.5 The Elastic Scattering of Low Energy Pions on Protons - J. S.Frank, 

R. H. Heffner, K. A. Klare, R. E. Mischke, D. E. Nagle and D.C.Moir 

.6 The n-d Breakup Reaction and ~'s in the Deuteron - R. Beurtey, C. 

Cvijanovich, J.C. Duchazeaubeneix, H. H. Duhm, J. C. Faivre, L. 

Goldzahl, J.C. Lugol, J. Saudinos, L. Dubal and C. F. Perdrisat 
+ .7 Incident-Energy Dependence of TI--p Bremsstrahlung in the Region of 

the P33 (1232) Resonance - P. F. Glodis, H. C. Ballagh, R. P. 

Haddock, K. C. Leung, B. M. K. Nefkens, D. E. Smith, and D. I. 

Sober 

.8 An Experimental Study of the n++d+p+p Reaction at Pion Energies of 

40, 50, and 60 MeV - B. M. Preedom, C. W. Darden, R. D. Edge, T. 

Marks, M. J. Saltmarsh, E. E. Gross, C. A. Ludemann, K. Gabethuler, 
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M. Blecher, K. Gotow, P. Y. Bertin, J. Alster, R. L. Burman, J. P. 

Perroud and R. P. Redwine 

.9 A Measurement of the Cross Section for the Reaction TI +p ~ TI++TI-+n 

at 350 and 300 MeV - C. A. Bordner, P. A. M. Gram, W. V. Hassenzahl, 

H. H. Howard, T. R. King, A. T. Oyer, G. A. Rebka and F. T. Shively 

.10 The Kroll-Ruderman Term in the OPE Contribution to the Electromag-

netic Exchange Current - A. F. Yano and F. B. Yano 

I.B TI Nucleus Theory 

.1 The Effect of Fermi Motion on Inelastic Pion Nucleus Scattering -

O. Nalcioglu and D. S. Koltun 

.2 Pion Charge-Exchange Reactions with Nuclei - G. A. Miller and J.E. 

Spencer 

.3 ~ ilie Optical Potential for Particle-Nucleus Scattering - A. N. 

Kamal 

.4 Single Charge Exchange Scattering 13C(TI+,TI0
)

13N - L. C. Liu and 

v. Franco 

.5 Nuclear Matter Theory for Pion Scattering from Nuclei - H. A. Bethe 

and M . Johnson 

. 6 New Estimate for Threshold Pion Production in Pion-Nucleus Colli-

sions - R. Rockmore 

.7 First Order Optical Potential - D. J. Ernst, M.A. Nagarajan, R. M. 

Thaler and W. L. Wang 

.8 Correlation Expansion of the Optical Potential - D. J. Ernst, J. T. 

Londergan, G. A. Miller and R. M. Thaler 

.9 A Hole Line Expansion of the Pion-Nucleus Optical Potential - C. B. 

Dover and R. H. Lemmer 



I. B .10 Resonances in Eikonal Models - J. R. Gillespie 

.ll Corrections to Glauber Theory in the Optical Limit - D. R. 

Harrington 

.12 Electric Form Factor and Three-Body Force in 3H and Nuclear Matter 

No. 4.130 - A. Kallio, P. Toropainen and C. Ciofi Degli Atti 

.13 Comparison of the Covariant and Non-Covariant Pion-Nucleus Optical 

Potentials - L. Celenza, L. C. Liu and C. M. Shakin 

.14 Is Levinson's Theorem a Node-Counting Device? - H. S. Picker 

.15 The Pion as a Probe for Studying Nuclear Structure - M. K. Gupta 

and G. E. Walker 

.16 Dependence of the Off-Energy-Shell T-Matrix on the Total Three-

Momentum - L. Heller, G. E. Bohannon and F. Tabakin 

.17 The Effect of Short-ranged Unitary Transformations on the Rate of 

the Reaction TI d ~ ynn - W. R. Gibbs, B. F, Gibson and G. J. 

Stephenson Jr . 

. 18 Pion Charge-Exchange Scattering from Light Nuclei - W. R. Gibbs, 

B. F. Gibson, A. T. Hess, G. J. Stephenson, Jr. and W. B. Kaufmann 

.19 The A Dependence of the Pion-Nucleus Scattering Lengths - B. F. 

Gibson and C. K. Scott 

.20 On Pionic Degrees of Freedom in Nuclei - E. Vogt 

.21 Inelastic Two-Body Contributions to Pion Multiple Scattering -

J. T. Londergan and E. J. Moniz 

.22 Glauber Type Representation for Nonlocal Potentials - B. S. Bhakar 

.23 Ambiguity in Pi-Nucleus Optical Potential - J, Haak, A. Lande, 

and F. Iachello 

.24 Pion-Nucleus Multiple Scattering and Nuclear ~-h States - M. 

Hirata, F. Lenz and K. Yazaki 

.25 . 13 + 0 13 A DWIA Calculatlon of the C(TI ,TI ) N(g·s) Cross Section -

T-S. H. Lee, K, Kubodera and J. D. Vergados 3 
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I.B .26 Pion Elastic and Charge Exchange Scattering on 3tte - D. A. Sparrow 

.27 Pion Elastic Scattering from Aligned Targets - M. S. Iverson and 

E. Rost 

.28 Geometrical Indication of Dips in Diffraction Pattern - N. Nakamura, 

T. Kohmura and T. Negishi 

.29 Pion Scattering at Resonance Energies and Nuclear Correlations 

within Nuclei - T. Negishi and T. Kohrnura 

.30 Pion Scattering from a Bound Nucleon - Y. Nogarni and K. K. Bajaj 

.31 Serious Ambiguities in Inelastic Phase Shift Analysis - H. 

Burkhardt 

.32 Effective Isospin Potential in Nuclear Excitations - R. Leonardi 

.33 On the Interaction of Slow TI-Mesons with Nuclei - G. G. Bunatian 

I.C Intermediate Isobar Calculations 

.1 Calculation for the Reaction K-d + TI-Ap with Two-Step Process -

T. Ishihara, Y. Iwarnura, Y. Takahashi and E. Satoh 

.2 The Role of ~33 - Isobars in Pion Condensation and Pion Scattering 

- G. E. Brown and W. Weise 

.3 The (p,TI-) Reaction and~++ Components of Nuclei - L. S. Kisslinger 

and G. A. Miller 

* .4 On the Excitation of the N (1236) in Nuclei - M. Dillig and M. G. 

Huber 

.5 NN* Admixtures in the Deuteron - E. Rost 

.6 Nuclear Modification of TI-N Resonance - W. A. Friedman 

.7 Modification of the ~-Propagator in Nuclear Matter - F. Lenz, E. J. 

Moniz and K. Yazaki 

.8 Origin of the N*(l200) Enhancement and the D* Effect - R. Baldini-

Celia, F. L. Fabbri, G. La Rosa and P. Picozza 



I.D TI-Nucleus Interactions 

.1 (TI±,12c) Backward Elastic Scattering at Intermediate Energies -

F. Balestra, L. Bussa, R. Garfagnini, G. Piragino, R. Barbini, 

C. Guaraldo, R. Scrimaglio and F. Cannata 

.2 (TI±, 12c) Backward Inelastic Scattering at Intermediate Energies: 

Low Excited States - R. Barbini, C. Guaraldo, R. Scrimaglio, 

F. Balestra, L. Bussa, R. Garfagnini and G. Piragino 

.3 (TI±, 12c) Backward Inelastic Scattering at Intermediate Energies: 

Virtual States and Quasi-Free Scattering - R. Barbini, C. Guaraldo, 

R. Scrimaglio, F. Balestra, L. Bussa, R. Garfagnini and G. Piragino 

. 4 (TI+, 4He) Inelastic Scattering at 110 MeV - F. Balestra, L. Bus so, 

R. Garfagnini, G. Piragino, A. Zanini, R. Barbini, C. Guaraldo and 

R. Scrimaglio 

.5 (TI+, 4He) Inelastic Scattering at 160 MeV - F. Balestra, L. Bussa, 

R. Garfagnini, G. Piragino, A. Zanini, R. Barbini, C. Guaraldo and 

R. Scrimaglio 
+ .6 Measurements of TI- Nucleus Total Cross Sections at Energies Below 

200 MeV - G. Burleson, K. Johnson, J. Calarco, M. Cooper, D. 

Hagerman, H. Meyer, R. Redwine, I. Halpern, L. Knutson, R. Marrs, 

M. Jakobson and R. Jeppesen 

.7 The (TI+,Tio) Reaction for Light Nuclei in the (3,3) Resonance Region 

- Y. Shamai, J. Alster, E. D. Arthur, D. Ashery, s. Cochavi, D. M. 

Drake, M. A. Moinester and A. I. Yavin 

. 8 The (TI, d) Reaction - R. A. E:isenstein and G. A. Mi11er 

.9 Forward Elastic Scattering Amplitudes for TI+ from 12c and 40ca -

M. Warneke, L. Y. Lee, B. W. Mayes, E. V. Hungerford, J. C. Allred, 

N. Gabitzsch, J. Hudomalj-Gabitzsch, D. Mann, T. Witten, T. 

Williams, G. S. Mutchler and G. C. Phillips 
5 



I.D .10 Alpha and Multinucleon Removal from 58Ni and 60Ni by Fast Pions -

H. E. Jackson, D. G. Kovar, L. Meyer-Scnutzmeister, J. P. Schiffer, 

S. Vigdor, T. P. Wangler, R. E. Segel, R. L. Burman, P. A. M. Gram, 

D. M. Drake, R. B. Clark, B. C. Cook, V. G. Lind, E. N. Hatch, 

O. H. Otteson and R. E. McAdams 

.11 Systematics of Fast Pion Induced Processes in Complex Nuclei - R. E. 

Segel, H. E. Jackson, D. G. Kovar, L. Meyer-Schiitzmeister, S. 

Vigdor, T. P. Wangler, J. P. Schiffer, V. G. Lind, E. N. Hatch, 

O. H. Otteson, R. E. McAdams, R. L. Burman, P. A. M. Gram, D. M. 

Drake and B. C. Cook 

.12 4 Charged Pion Scattering on He Nuclei in the Energy Range from 68 

to 208 MeV - L. Alexandrov, T. Angelescu, I. V. Falomkin, M. M. 

Kulyukin, V. I. Lyashenko, R. Mach, A. Mihul, N. M. Kao, F. 

Nichitiu, G. B. Pontecorvo, V. K. Saricheva, M. Semergieva, Yu. A. 

Shcherbakov, N. I. Trosheva, T. M. Troshev, F. Balestra, L. Busso, 

R. Garfagnini and G. Piragino 

.13 TI± Elastic Scattering on 3He Nuclei in the Energy Range from 68 to 

208 MeV - T. Angelescu, I. V. Falomkin, M. M. Kulyukin, V. I. 

Lyashenko, R. Mach, A. Mihul, N. M. Kao, F. Nichitiu, G. B. Ponte-

corvo, V. K. Saricheva, M. Semergieva, Yu. A. Shcherbakov, N. I. 

Trosheva, T. M. Troshev, F. Balestra, L. Busso, R. Garfagnini and 

G. Piragino 

.14 24 Production of Na from the Irradiation of Phosphorus, Sulfur and 
+ Calcium by 70 - MeV TI- - N. Yanaki, D. Ashery, S. Cochavi and 

A. I. Yavin 

.15 
16 + 15 . The Reaction O(TI ,p) 0 at 70 MeV - D. Bachel1er, J. L. Boyard, 

T. Hennino, J. C. Jourdain, P. Radvanyi and M. Roy-St~phan 
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I. D . 16 Charged Particle Emission from Nuclei Bombarded with 235 MeV Pions 

and 800 MeV Protons - J. F. Amann, P. D. Barnes, M. Doss, S. A. 

Dytman, R. A. Eisenstein, J. A. Penkrot and A. C. Thompson 

.17 Elastic Scattering of SO MeV TI+ from 12c - J. F. Amann, P. D. 

Barnes, M. Doss, S. A. Dytman, R. A. Eisenstein, J. Penkrot, and 

A. C. Thompson 

.18 Recoil Momenta Distributions and y Ray Yields from Pion Reactions 

with C, N, Na, S, and Ca - C. E. Stronach, C. M. Dennis, W. J. 

Kossler, H. O. Funsten, B. J, Lieb, W. F. Lankford and H. S. 

Plendl 

.19 Pion-Nucleus Total Cross Sec:tions in the (3,3) Resonance Region 

A. S. Carroll, I-H. Chiang, C. B. Dover, T. F. Kycia, K. K. Li, 

P. 0. Mazur, D. N. Michael, P. M. Mockett, D. C. Rahm and R. 

Rubinstein 

. 20 - 4 
TI - He Scattering Around the 3/2,3/2 Resonance - F. Binon, P . 

Duteil, M. Gouan~re, L. Hugcm, J. Jansen, J.-P. Lagnaux, H. 

Palevsky, J.-P. Peigneux, M. Spighel and J.-P. Stroot 

.21 Activation Studies of ·Pion-Induced Reactions on C, N, 0, F, Al and 

Cu - G. W. Butler, B. J. Dropesky, A. E. Norris, C. J. Orth, R. A. 

Williams, G. Friedlander, G.D. Harp, J. Hudis, N. P. Jacob, Jr., 

S. S. Markowitz, S. Kaufman and M. A. Yates 

. 22 The Elastic Scattering of Positive Pions by Carbon at 147 MeV -

C. A. Bordner, P. A. M. Grant, W. V. Hassenzahl, H. H. Howard, T. R. 

King, A. T. Oyer, G. A. Rebka, and F. T. Shively 

.23 Single Proton Emission from TI- Absorption at Rest in Light Nuclei 

- B. Coupat, P. Y. Bertin, D. B. Isabelle, G. Kawadry, P. Vernin, 

A. Gerard, J. Miller, J. Morgenstern, J. Picard and B. Saghai 

7 
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I.D .24 The ls and lp Shells of Light Nuclei Studied in (p,d) at 185 MeV 

- B. Fagerstrom, J. Kallne, 0. Sundberg and G. Tibell 

.25 Fission of Heavy Nuclei Induced by Stopped Negative Pions - Yu. A. 

Batusov, D. Chultem, Dz. Ganzorig and 0. Otgonsuren 

II 

STOPPING MUONS 

II .1 Coulomb Capture and X-Ray Cascades of Muons in Metal Halides -

A. Brandao d'Oliveira, H. Daniel and T. von Egidy 

.2 Recent Experimental Results of the Mesic Chemistry Program at 

LAMPP - J. D. Knight, C. J. Orth, M. E. Schillaci, R. A. Naumann, 

H. Daniel, K. Springer and H. B. Knowles 

.3 Asymmetry and Energy Spectrum of High Energy Neutrons Emitted in 

Polarized Muon Capture - K. Kume, N. Ohtsuka, H. Ohtsubo and M. 

Morita 

.4 Muonic X-Ray Series in Metallic Al, Fe and In - R. Bergmann, H. 

Daniel, T. von Egidy, F. J. Hartmann, H.-J. Pfeiffer and K. 

Springer 

.5 Atomic Capture of Negative Mesons; the Fuzzy Fermi-Teller Model -

M. Leon and J. Miller 

.6 The a 2(Za) 2 Contribution of Vacuum Polarization to Level Shifts in 

High Z Muonic Atoms - M. K. Sundaresan and P. J. S. Watson 

.7 E2(El) Parity Mixing in Muonic Atoms - L. M. Simons 

.8 Effects of Non-Statistical Hyperfine Populations in Muon Capture 

by Polarized Nuclei - N. C. Mukhopadhyay and L. Hambro 



II . 9 Migdal' s Quasiparticle Appraoch and Its Implications of Allowed 

Muon Capture Strength in 12c - J. D. Immele and N. c. Mukhopadhyay 

.10 Quantum Electrodynamics Tests with Muonic Atoms - C. K. Hargrove, 

E. P. Hincks, H. Mes, R. J. McKee, M. S. Dixit, A. L. Carter, 

D. Kessler, J. S. Wadden and H. L. Anderson 

.11 Partial Muon Capture Rates in 12c - V. Devanathan, P. R. Subraman-

ian, R. D. Graves and H. Uberall 

.12 Charge Parameters, Isotope Shifts, Quadrupole Moments, and Nuclear 

Excitation in Muonic l?O,l7l,l?2,l?3 ,l74 ,l76Yb - A. Zehnder, F. 

Boehm, W. Dey, R. Engfer, H. K. Walter and J. L. Vuilleumier 

.13 Muon Capture in Atoms, Crystals and Molecules - P. Vogel, P. K. 

Haff, V. Akylas and A. Winther 

.14 Muonic x-Ray Studies in Sm - R. J. Powers, P. Barreau, B. Bihoreau, 

J. Miller, J. Morgenstern, J. Picard, L. Roussel and P. Bertin 

.15 Negative Muon Spin Rotation at Oxygen Site in Paramagnetic MnO 

S. Nagamiya, K. Nagamine, O. Hashimoto and T. Yamazaki 

.16 Lifetimes of Negative Muons Bound to Actinide Nuclei - 0. Hashi-

moto, S. Nagamiya, K. Nagamine and T. Yamazaki 

.17 Strange Depolarization of Negative Muon in Transition Metals -

K. Nagamine, S. Nagamiya, 0. Hashimoto, S. Kobayashi and T. 

Yamazaki 

.18 Probing the Giant Moment in a Dilute PdFe Alloy by Positive Muons 

at Very Low Temperatures - K. Nagamine, S. Nagamiya, 0. Hashimoto, 

N. Nishida and T. Yamazaki 

.19 Hyperfine Field on Positive Muon in Nickel in the Temperature 

Range of 0.12-300 K - K. Nagamine, S. Nagamiya, 0. Hashimoto, 

T. Yamazaki and B. D. Patterson 

.20 Statistical Theory of Muon Capture I - Y. Kohyama and A. Fujii 

9 
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II .21 Statistical Theory of Muon Capture II - Y. Kohyama and A. Fujii 

.22 Muonium Chemistry in the Gas Phase - D. G. Fleming, J. H. Brewer, 

D. M. Garner, A. E. Pifer, T. Bowen, D. Delise and K. M. Crowe 

.23 Nuclear Structure Studies in Heavy Deformed Nuclei Using Muonic 

Atoms - D. A. Close, J. J. Malanify and J. P. Davidson 

.24 An Investigation of Chemical Effects on Negative Muon Capture -

L. F. Mausner, R. A. Naumann, J. A. Monard and S. N. Kaplan 

.25 Precision Measurement of Ground State Muonium Hyperfine Structure 

Interval ~v - D. E. Casperson, T. W. Crane, V. W. Hughes, P. A. 

Souder, R. D. Stambaugh, P. A. Thompson, H. F. Kaspar, H-W. Reist, 

H. Orth, G. zu Putlitz and A. B. Denison 

.26 High-Order Vacuum Polarization in Exotic Atoms - G. A. Rinker, Jr. 

and L. Wilets 

.27 Muonic X-Ray Measurements of Nuclear Charge Radii in the Mass-60 

Region - E. B. Shera, E. T. Ritter, R. B. Perkins, L. K. Wagner, 

H. D. Wohlfahrt, G. Fricke and R. M. Steffen 

.28 Deformed Hartree-Fock Description of the Fe, Ni, and Zn Isotopes -

G. A. Rinker, Jr. and J. W. Negele 

.29 Microscopic Calculations of Isotopic Shifts in Deformed Nuclei -

D. Zawischa and J. Speth 

.30 Muonium and Free-Muon Precession Components in Noble Gases at Low 

Pressure - A. E. Pifer, T. Bowen, D. A. DeLise, J. H. Brewer and 

D. G. Fleming 

.31 Shape Isomer Excitation by Mu-Minus Capture - S. N. Kaplan, J. A. 

Monard and S. Nagamiya 

.32 Precise Muonic X-Ray Energies and the Vacuum Polarization - G. 

Backenstoss, H. Koch, A. Nilsson and L. Tauscher 



II . 33 Observation of the Larmor Precession of the Muonic Helium Atom, 

aµ e - P. A. Souder, D. E. Casperson, T. W. Crane, V. W. Hughes, 

D. C. Lu, M. H. Yam, H. Orth, G. zu Putlitz and H-W. Reist 

. 34 Emission of the Auger Elect1·ons in µ-Mesic Atoms and Escape of 

Charged Particles in µ-Meson Capture by Light (C,N,O) and Heavy 

(Ag, Br) Nuclei - Yu. A. Batusov, S. A. Bunyatov, L. Vizireva, 

G. R. Gulkanyan, F. Mirsalikhova, V. M. Sidorov and Kh. Chernev 

.35 Search for Radiation Transitions from the Mesic Molecular 

States - K. Andert, V. S. Evseev, H. G. Ortlepp, V. S. Roganov, 

B. M. Sabirov, H. Haupt, H. Schneuwly and R. Engfer 

.36 Dependence of Muonic X-Ray Spectral Structure Upon Atomic Valency 

- K. Andert, V. S. Evseev, H-G. Ortlepp, V. S. Roganov, B. M. 

Sabirov, H. Haupt, H. Schneuwly and R. Engfer 

• 37 . -12 4 4 3 Study of the Reaction µ C + He He H n\) - Yu. A. Batusov, S. A . 

Bunyatov, L. Vizireva, G. R. Gulkanyan, F. Mirsalikhova, V. M. 

Sidorov, Kh. Chernev, R. A. Eramzhyan 

.38 Negative Muon Depolarization in Hydroxides and Acids - y. I. 

Goldansky, V. S. Evseev, T. N. Mamedov, Yu. V. Obukhov, V. S. 

Roganov, M. V. Frontasyeva and N. I. Kholodov 

.39 Negative Muon Depolarization in the Benzene and Carbon Tetra-

chloride Mixtures - V. I. Goldansky, V. S. Evseev, T. N. Mamedov, 

Yu. V. Obukhov, V. S. Roganov, M. V. Frontasyeva and N. I. Kholodov 

.40 Shifted Electronic X-Rays from Muonic Heavy Atoms - W. D. Fromm, 

Dz. Gansorig, T. Krogulski, H. G. Ortlepp, S. M. Polikanov, B. M. 

Sabirov, U. Schmidt and R. Arlt 

.41 Studies of Muonium Interactions in Monocrystallic Germanium - V. G. 

Firsov, G. G. Myasishceva, Yu. V. Obukhov, V. S. Roganov 

11 



II .42 Investigation of Atomic Capture of Muons and Structure of Muonic 

X-Ray Series in Magnesium Oxides - V. N. Pokrovsky, L. I. Ponomarev, 

V. G. Zinov and I. A. Yutlandov 

.43 Calculation of Quasi-Stationary State Characteristics of Hydrogen 

Mesic Molecules - L. I. Ponomarev, I. V. Puzynin, and T. P. 

Puzynina 

.44 The Polarization Measurement of Stopped Muons by Hanle Signals -

A. Possoz, L. Grenacs, J. Lehmann, D. Meda, L. Palffy, J. Julien 

and C. Samour 

III 

EXOTIC ATOMS AND CONDENSED NUCLEAR STATES 

III .1 Mesonic Polarizabilities - F. Cannata 

.2 The Lorentz-Lorenz Correction in Pionic Atoms and Pion Condensates 

- G. Baym and G. E. Brown 

.3 4 Negative Pion Capture by He - K. Kubodera 

.4 Pion Capture in 3H and 3He - A. C. Phillips and F. Roig 

• 5 Nuclear Resonances in Hadronic Atoms - M. Leon 

.6 a-Particle Emission Following TI Capture in 12c - K. O. H. Ziock, 

J. Comiso, T. Meyer and F. Schlepuetz 

.7 Kaon Absorption and Alpha Cluster - H. Nishimura and A. Arima 

.8 An Optical Model Analysis and the Effect of L·S Force Due to Strong 

Interactions in p-Atoms - H. Nishimura and T. Fujita 

.9 Panofsky Ratio in 3He - M. Mizuta, Y. Kohyama and A. Fujii 

.10 Comparison of Pion-Induced Nuclear Reactions with Spallation 

Reactions - H. Ullrich, H. D. Engelhardt and C. W. Lewis 

12 



III .11 Nuclear y-Rays from Kaons Stopped in 27Al - C. J. Batty, S. F. 

Biagi, R. A. J. Riddle, A. Roberts, B. L. Roberts, D. H. Worledge, 

N. Berovic, G. J. Pyle, G. T. A. Squier, A. S. Clough, P. Codding-

ton and R. E. Hawkins 

.12 Strong Interaction Effects in Kaonic Atoms - C. J. Batty, S. F. 

Biagi, R. A. J. Riddle, A. Roberts,B. L. Roberts, D. H. Worledge, 
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CORRECTIONS TO THE GLAUBER MODEL AT MEDIUM ENERGIES 
IN THE SCATTERING OFF TWO POTENTIAL CENTRES 

M. Bleszynski and T. Jaroszewicz 
Institute of Nuclear Physics, 31-342 Krak6w, Poland 

I.A. l 

Scattering off two partially overlapping fixed potential 
centres is calculated in the first order eikonal expansion1. 
The amplitude obtained is the exact /up to terms of order 1/k, 
k being the projectile laboratory momentum/ Watson series 

T = t1+t2+t1Got2+t2Got1+t1Got2Got1+··· • (1) 
This amplitude is then compared with the simple-minded approxi-
mation including the single and double scattering only, 

T = t1+t2+t1Got2+t2Got1 ' (2) 
wher~ ~,\Very sim.Pl.e off-shell continuation is assumed, (k'ltlk'> = = t(x-k I• The comparison is made for the amplitudes correspond-
ing to a fixed distance of the scatterers and for the amplitudes 
averaged over some density distribution. , . 

In the figure below the cross-sectiomcorresponding to (1) 
/solid curve/ and (2) /broken curve/ are plotted for parameters 
describing rather reastically pion deuteron scattering with 
k=1 GeV/c; the deuteron D-wave is not included. The dotted curve 
is the Glauber result, i.e. single + double on-shell scattering 
only, with the eikonal free propagator 

GL on on_. T = t1+t2+t1Go t2+t2Go-~1, 
to which both (1) and (2) converge at high energy. It is seen 
from these results that the formula (2) is a very good approxi-
mation to the exact result (1) , both giving a significant cor-
rection to the Glauber formula at medium energies, where the 

eikonal approximation is no longer valid. 

d<r- [fm2J ffi sr 

.. ~ 
' ~ ·. ~:....,_,.,_"-..::_::::...:==-----. . .. ~ .......... . 

.· ...... . · 

1. SoJ. Wallace, Phys. Rev. 
Lett. n_, 622 ( 1971). 

Fig.1. The differential 
cross-section for the scat-
tering off a model system 

6'2. of two centres. See the 
__ ____...____.~___.~_._~___._~_._~-~·~ .... • text for details • 
.o .2 • 6 Gev2 
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I.A. 2 
"CAN ONE RECOGNIZE RESONANCE POLES FROM AN ARGAND DIAGRAM?" 

I.R. Afnan,* A.W. Thomas 
Department of Physics, U.B.C., Vancouver, B.C. Canada V6T lWS 

The existence of a resonance pole is, in the most favourable cases, 
established by the observation of a circular trajectory1fn the Argand dia-
gram, together with a Breit-Wigner peak in the "speed". By considering 
the case of pion scattering from the deuteron (in the (3,3) resonance re-
gion), we show that these conditions are not sufficient. In particular, 
Figures 1 and 2 show the behaviour of the J7T = 2+ scatte2fng amplitude, 
calculated within the nonrelativistic Faddeev formalism. Note that even 
the single scattering (S-S) term, which one can easily show has no resonance 
pole, satisfies both the criteria mentioned earlier. Alth~ygh this be-
haviour has been established before within Glauber theory, we note that 
(because of factorisation), this does have a pole! Because of three-body 
kinematics our amplitude has a cut, but no pole in the pion energy variable. 
(For completeness, we show the effect of summing the nRiltiple scattering 
series, which is to narrow the peak, and shift it to lower energy. Pre-
liminary results using relativistic kinematics for the pion, confirm the 
behaviour of the S-S amplitude - although higher order rescattering is 
much less important in that case.) In conclusion, we emphasize that simi-
lar problems may arise whenever a correct description of a (two-body) 
scattering process, requires consideration of more than two particles. 

* Permanent address - School of Physical Sciences, Flinders University, 
Bedford Park, South Australia, 5042. Australia. 

1) R.D. Tripp, "Baryon Resonances", International School of Physics, Enrico 
Fermi, Course 3 3 (Academic Press, 1966). 

2) I.R. Afnan, A.W. Thomas, Phys. Rev. ClO, 109 (1974). 
3) M. Hoenig, A.S. Rinat, Phys. Rev. ClO, 2102 (1974). 
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RELATIVISTIC 3-BODY CALCULATION OF 11 7Td" SCATTERING* I.A. 3 
R. Aaron, Northeastern University 

and 
E. J. Moniz and R. M. Woloshyn, M.I.T. 

We study 11 7Td" elastic scattering in the vicinity of the 
3-~ re~onance using a relativistic 3-body model. 1 Our starting 
point is an elementary or bare isobar coupled to the p-wave 
7TN channel (spin and isospin ignored). We first evaluate the 
isobar self-energy (i.e., the ~N "bubble" graph) and fit the 
phase of the ~ propagator to the 7TN 3-3 phase shift, the free 
parameters being the isobar bare mass (we take 1350 MeV) and 
the ~7TN coupling constant and interaction range. The 3-body 
equations for the 7Td amplitude (s-wave deuteron) can then be 
sununarized diagrarrnnatically as: 

:-=-==· -=·· ::L~L.L..l.l==-=-=-: = ( 1) 

:-:E---~= :I:+~+~- (2) 

Circles on the intermediate isobar and deuteron propagators 
imply that all 7TN and NN bubbles, respectively, must be surrnned. 
The problem reduces to numerically solving the uncoupled integral 
equation for the 7Td+N~ amplitude. 

We use the model as a theoretical laboratory for investi-
gating several questions which arise in pion scattering: 
(i) binding and Fermi motion effects on the 7TN amplitude; 
(ii) comparison to fixed scatterer calculations (Brueckner model); 
(iii) effect of nucleon-nucleon rescattering (last diagram in 
Eq.(2)); (iv) effect of different 7TN and NN interaction param-
eters (e.g., narrow width isobar and strongly bound deutero~). 
The binding and rescattering effects raise the energy at which 
the total cross section peaks and substantially reduces the 
backward differential cross section. The total elastic cross 
section is strongly affected by NN rescattering. 

* Work supported in part by the National Science Foundation 
and in part by the Atomic Energy Corrnnission. 
1. R. Aaron, R. D. Amado, and J. E. Young, Phys. Rev. ill (1968) 
2022. 
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I.A.4 

LOW ENERGY PION NUCLEON SCATTERING 

P. Bertin, B. Coupat, J.Duclos, A. Gerard, D. Isabelle, A.Magnon • J. Miller, J. Morgenstern, J. Picard, R. J. Powers , P. Vernin 

(C.E. N. Saclayet Universite de Clermont-Ferrand - France) 

By using the low energy pion channel of the Saclay Linac, we made 
a systematic measurement of the differential cross-sections of i and rr-
scattering on hydrogen from 20 to 100 MeV, in the angular range from 
55 to 145 degrees. 

The incoming pions were counted by a plastic scintillator (~ 1) in 
the beam. The electron contamination was eliminated by a threshold on 
~l and by a gas Cerenkov counter(~) in anticol'ncidence. The muon contar_ri-
nation was computed by a Monte Carlo program. The protons, in the TT 

beam, were absorbed in a thin aluminium screen. 
The scattered pions were detected by two sets of telescopes in-

cluding plastic scintillators (Ai, Bj) with an amplitude analysis and spark 

" 
.133 

82 
t3f \ 

Experimental set-up 

empty target. 

v c 

chambers (s. c) to define the origin 
of the particle. A good scattering 
event was defined by a cotncidence 
between an incident pion and a 
scattered particle (~1 'Vz Ai Bj) with 
the proper amplitude. 

An on line computer was used to 
record the data and to perform a 
pretreatment during the run. 

The energy calibration of the pion 
channel ras obtained with an accu-
racy of - 5 % .. by measuring t1ie 
energy of the protons in the TT beam 
with a calibrated solid state detector. 
The thickness of the liquid hydrogen 
t~rget was precisely measured 
(- 5%o) by comparing the range cur-
ves of 3 0 Me V pions with full and 

We obtained the differential cross-sections for 20. 8, 30. 5, 39. 3, 
51. 5, 67. 4, 81. 7 and 95. 9 MeV. From the analysis of the TT+ data we 
are able to extract the J'. , !'33 c:ndJ.: 1 phase shifts for these seven 
energies. The analysis ot the TT dafa is in progress {April 1975). The 
results will be available at the time of the Conference. 

11f California Institute of Technology, Pasadena. 



THE ELASTIC SCATTERING OF 

LOW ENERGY PIONS ON PROTONSt 

I.A.5 

J. S. Frank, R.H. Heffner, K. A. Klare, R. E. Mischke, and D. E. Nagle 
University of California, Los Alamos Scientific Laboratory 

Los Alamos, New Mexico 87544 

and 

D. C. Moir 
Arizona State University, Tempe, Arizona 85281 

An experiment has been performed at the Clinton P. Anderson Meson 
Physics Facility (LAMPF) to measure the elastic differential cross section 
(dcr/dQ) of low energy pions on protons. Data were taken at incident pion 
energies of 30, 40, 50, and 70 MeV for both positive and negative pions. 
The gas target, run at ~ 30°K and~ 1.2 atmospheres pressure, was viewed 
with a system of multiwire proportional chambers and scintillation counters. 
The incident pion flux was measured by two independent systems: a TI + µv 

decay monitor and a scintillation counter energy-loss system to measure the 
total flux and composition of the beam. 

Scattered particle trajectories were extrapolated onto the target plane 
and fiducial cuts within the gas target were made. Particle identification 
on the scattered pions was made with the system of energy-loss and total 
energy counters. Data were taken with the target empty to allow the sub-

traction of all residual backgrounds. 
More than 10,000 events consistent with elastic TI-p scattering were 

observed 
to 135°. 

0 for each energy and polarity in the laboratory angular range 45 
Data analysis is underway at this time and preliminary results 

will be presented. 

tWork supported by the u. S. Energy Research & Development Adminsitration. 
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THE TI-d BREAKUP REA.crION AND ~'s IN THE DEUTERON 

* ** R. Beurtey, G. Cvijanovich, J. C. Duchazeaubeneix, H. H. Duhrn, J. C. 
Faivre, L. Goldzahl, J. C. Lugol and J. Saudinos, C.E.N. Saclay, France 
and L. Dubal, S.I.N. Villigen, Switzerland, and C. F. Perdrisat, College 
of William and Mary, Williamsburg, Virginia 

I.A.6 

Several experiments have been reported recently, which can be inter-
preted in terms of the existence of a ~~-component in the deuteron ground 
state. These experiments involved 2-pion production with several project-
iles ,1,2 and single pion photoproduction.3 

Based on a paper by Nath, Kabir and Weber, 4 the emission of forward 
protons in the break-up reaction TI-d + TI-pn at 1-2 GeV could be dominated 
by direct absorption of the TI- on a~++, rather than quasi-elastic back-
scattering of the pion. The cross section for forward proton emission 
would then be directly related to the probability that the 2 nucleons in 
the deuteron be ~'s. 

An experiment designed to investigate deuteron break-up resulting in 
forward proton emission has been performed in Saclay. A 0.98 GeV TI- beam 
was used because in elastic scattering on hydrogen, the differential cross 
section for forward protons has a distinct minimum at that energy.5 The 
contribution to forward proton emission from single scattering on a deu-
teron target, had been calculated before the experiment by Monte Carlo, 
including Fermi momentum; the minimum in elastic TI-p was seen to produce 
a similar, but less deep minimum in TI-d. In the present experiment, the 
ratio of the o0 proton cross sections in TI-d + pX and in elastic TI-p is 
found to be significantly larger than predicted if single scattering alone 
did occur. Furthermore, the angular distribution of the proton in the 
two reactions are different: with the deuteron target the distribution is 
flat, ihereas on hydrogen it has a minimum at o0 , as seen in other experi-
ments. 

Both features, the large deuterium-to-hydrogen ratio, and the char-
acteristic angular distributions, are in excellent agreement with the 
predictions in ref. 5 and may be interpreted as independent evidence for 
the existence of a ~~-component in the deuteron. 

1. M. Goldhaber, Proceedings of the International Conference on Nuclear 
Structure (Munich, 1973), vol. 2, p. 14 
C. P. Horne e.a. Phys. Rev. Lett. 33, 380 (1974) 

2. H. Braun e.a. Phys. Rev. Lett. 33, 312 (1974) 
M. J. Emms e.a. Phys. Lett. 52 B, 372 (1974) 

3. P. Benz and P. Soding, Phys."""Lett. 52, B 367 (1974) 
4. N. R. Nath, H. J. Weber, P. K. Kabir:- Phys. Rev. Lett. 26, 1404 (1971) 
5. R. E. Rotschild e.a. Phys. Rev. D 5, 499 (1972) 

T. J. Richards e.a. Phys. Rev. D 10, 45 (1974) 
6. P. J. Duke e.a. Phys. Rev. 149, 1077 (1966) 

J. M. Abillou e.a. Phys. Lett 32 B, 712 (1970). 
* Permanent address: Dept. of Physics, Upsala College, East Orange, N.J. 

07019 
** Permanent address: Max-Plank-Institut fuer Kernphysik, Heidelberg. 



+ INCIDENT-ENERGY DEPENDENCE OF TI--p BREMSSTRAHLUNG 
IN THE REGION OF TIIE P33 (1232) RESONANCE* 

P. F. Glodis, H. C. Ballagh, R. P. Haddock, K. C. Let.mg, 
B. M. K. Nefkens, D. E. Smith, D. I. Sober 

UCLA, Los Angeles, Ca. 90024 

ABSTRACT 

+ + 

I.A. 7 

The angular distributions of the photon spectra for TI-P + TI-PY have 

been measured for 325 MeV incident pion energy. Together with our previous 

results for 298 l, 2 and 265 2 MeV incident pion energy, we can make a 

detailed investigation of the s-dependence of pion-proton bremsstrahlung 

in the region of the P33 (1232) resonance. 

We present excitation functions for the differential bremsstrahltmg 

cross section at 17 angles for both TI+ and TI-. We concentrate on the 

backward direction where a destructive interference in TI+P + TI+PY results 

in a very low cross section and where possible structure effects and 

deviations from soft-photon-approximation calculations show up most 

readily. 

* Work supported in part by U.S. Atomic Energy Commission. 

lD. I. Sober et al., Phys. Rev. D, March l, 1975. 

2K. c. Leung et al., to be published. 
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AN EXPERIMENTAL STUDY OF THE 1T++d-+p+p 
REACTION AT PION ENERGIES OF 40, 50, and 60 MeV* 

B. M. Preedom, C. W. Darden, R. D. Edge, T. Marks, Univ. of 
South Carolina, M. J. Saltmarsh, E. E. Gross, C. A. Ludemann, 
K. Gabethuler+, Oak Ridge National Laboratory, M. Blecher, K. 
Gotow, P. Y. Bertin:+ Virginia Polytechnic Institute•& State 

+++ ++++ Univ., J. Alster, R. L. Stirman, J. P. Perroud, R. P. 
. +++++ Redwine, Los Alamos Scientific Laboratory. 

ABSTRACT 

I.A.8 

The pion absorption reaction rr++d-+p+p has been measured at pion energies 
of 40, 50, and 60 MeV using aCD 2 target and the low energy pion beams from the 
LEP channel at LAMPF. The protons were detected in coincidence using plastic 
scintillator detgctors. Angular distributions were obtained at 10 angles 
from 15° to 110 (lab) with absolute errors of approximately ±3% and 
relative errors of approximately ±2%. Preliminary angular distributions are 
shown in FIG. 1. The curves are of the form K[A+cos 20 ]. The preliminary 
values of the coefficients K and A and the integrated ~~oss sections are 
presented in TABLE I. The integrated cross-sections agree rather well 
with previous data 1 and with recent calculations 2 whereas the value of A 
is somewhat larger than previously obtained. 

FIGURE 1 

.~ 

T 1T 

40 

50 

60 

K 

0.99 

1. 72 

1.95 

TABLE I 

A 

0.32 4.0 

0.27 6.5 

0.28 7.5 

1 A. M. Sach-H. Winick, and B. A. Wooten, Phys. Rev. 109, 1733 (1958). 
2 B. Goplen, W.R. Gibbs, and E. L. Lomen, Phys, Rev. Letters 32, 1012 (1974). 
*Supported by the O.N.R., the N.S.F. and the U.S.A.E.C. ~ 
+ Present address: S.I.N., Villagen, Switzerland. 
++ d Present address: Univ. de Clermont F-, Clermont-Ferrand, France. 
+++Present address: Univ. of Tel Aviv, Tel Aviv, 'Israel. 
++++Present address: Univ. of Lausanne, Switzerland. 
+++++Present address: Univ. of Bern, Bern, Switzerland. 



A MEASUREMENT OF THE CROSS SECTION FOR THE REACTION I.A.9 
- + * TI +p ~ TI +TI +n at 350 and 300 MeV 

** C. A. Bordner, P. A. M. Gram,* W. V. Hassenzahl,* tt 
H. H. Howard,* T. R. King,t A. T. Oyer,t G. A. Rebka,t F. T. Shively 

d2a 
W~ will ~re~ent measurements of the cross section, d0.dp , for the reac-

tion TI +p ~TI +TI +n performed at two energies, 350 and 300 MeV, by detecting 
the outgoing TI+ with a magnetic spectrometer. Angles and momenta of the TI+ 
were selected to sample the doubly differential cross section at 18 points 
spread nearly uniformly over the accessible part of the center-of-mass phase 
space for each of the two energies. Approximately 1500 net events were 
recorded at each energy. These data represent the first steps in a program 
to determine the energy dependence of the total cross section down to 200 MeV. 
Knowledge of this energy dependence bears on the selection of the proper form 
of soft pion theory and on the s-wave TI-TI scattering length. 

* 
** 

t 

tt 

Supported in part by AEC Contract AT(ll-1)-2197 and W-7405-ENG-36. 

Colorado College, Colorado Springs, Colorado 80903. 

University of California, Los Alamos Scientific Laboratory, Los Alamos, 
New Mexico 87544. 

University of Wyoming, Laramie,.Wyoming 82071. 

University of California, Lawrence Berkeley Laboratory, Berkeley, 
California 94720. 
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I.A.10 
THE KROLL-RUDERMAN TERM IN THE OPE CONTRIBUTION TO 

THE ELECTROMAGNETIC EXCHANGE CURRENT 

* A. F. Yano and F. B. Yano 

Department of Physics, California State University 

Long Beach, Calif. 90840 

* Department of Physics, California State University 

Los Angeles, Calif. 90032 

We use two models for the 1(N vertex, namely PS and 

PV coupling, and show that the Kroll-Ruderman term is 

obtained in both cases from the Low theorem. In PS 

coupling, it arises from the derivative on the positive 

energy projection operator, whereas it arises from the 

derivative on the two body amplitude in PV coupling. 

SA"MPLE FO~~ FOR ABSTRACTS - Please stay within margins indicated. 
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THE EFFECT OF FERMI MOTION ON INELASTIC PION NUCLEUS SCATTERING 

* 0. Nalcioglu 
University of Wisconsin, Madison, WI 53706 

** D.S. Koltun 
University of Rochester, Rochester, NY 14627 

I.B. l 

The effect of Fermi motion of nucleons on the inelastic scattering of 
pions by nuclei is studied in the Distorted Wave Impulse Approximation. We 
assume the pion-nucleon t-matrix to have the non-local, separable form suggest-
ed by Kisslinger. 1 Transformation of this t-matrix from the pion-nucleon c.m. 
to the pion-nucleus c.m. introduces terms into the transition amplitude which 
are proportional to the nucleon momentum (recoil terms). 2 These recoil terms 
are usually neglected, but we have previously found 2 that they contribute sig-
nificantly to the excitation of elastic dipole states, in the Plane Wave Im-
pulse Approximation. 

For the Distorted Wave study, we have used two forms of optical potential: 
a non-local (Kisslinger) potential 1 derived from the non-local t-matrix above, 
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•and a local (Laplacian) potential de-
rived from a local t-matrix. 3 Both 
potentials derive from the same on-
shell pion-nucleon data. Calculated 
results for the excitation of the 
giant (El) dipole state of 12c by 
75 MeV rr- are shown in Figure 1. For 
each optical potential, we show the 
differential cross section both with 
and without the nucleon recoil terms. 
We include coulomb excitation, which 
is significant at small angles. 

The results show a strong depen-
dence on the form of the optical po-
tential used. For the local poten-
tial, the nucleon recoil terms do 
enhance the cross-section at small 
angles, where there is considerable 
interference with the coulomb exci-
tation. For the non-local optical 
potential, the recoil effects are 

10-2 _i__,___JL-L__L.,,J-'--L~-'---'-;;~--'-;-;!:-;:;":--'"-.: 
10 30 60 90 120 150 180 

very small at small angle. This 
reflects the fact that the recoil 
contribution comes mainly from the Bern (deg) 

Fig.l Inelastic Differential 
Cross Section 

local potential. Further results for 
will be presented. 

nuclear interior; the non-local opti-
cal potential suppresses the inte-
rior contribution, compared to the 

various nuclei and different energies 

* Supported in part by the National Science Foundation. 
**supported in part by the U. S. Atomic Energy Commission. 
1L. s. Kisslinger, Phys. Rev. 98, 761 (1955). 
2D. S. Koltun and O. Nalcioglu-:-Phys. Lett. 51B, 19 (1974). 
3H. K. Lee and H. McManus, Nucl. Phys. Al67,-ZS7 (1972). 
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I.B. 2 
PION CHARGE-EXCHANGE REACTIONS WITH NUCLEI 

Gerald A. Miller 
Carnegie-Mellon University, Pittsburgh, Pa. 15213 

James E. Spencer 
Los Alamos Scientific Laboratory, Los Alamos, N. M. 87544 

ABSTRACT 
1 

A comprehensive study of the elastic charge-exchange reactions is pre-
sented in which the cross sections are evaluated in a coupled-channels frame-
work. 

Our main conclusions are: 
1) For energies below the (3,3) TI-nucleon resonance, there are considerable 
differences between the charge-exchange cross-sections predicted with the 
Kisslinger and local Laplacian models. There is a sharp dip at about 80 MeV 
predicted by the Laplacian model for the total SCE and DCE cross-sections to 
the analog and double analog which does not occur for the Kisslinger potential. 
Hence, accurate charge-exchange data, taken together with the corresponding 
elastic data, provide a very good means of differentiating between competing 
potential models. 
2) In all models which we have tested, including variants of the Laplacian 
such as the Silbar-Sternheim potential, the charge-exchange cross-sections 
dip at energies in the vicinity of the TI-nucleon resonance because of strong 
absorption. However, this is mediated by specific nuclear structure effects 
as well as nucleon number. 
3) Charge-exchange data does not seem to provide any unique input for dis-
cussions concerning the so-called '~angle transformation" since the effects of 
including this are comparable in all channels. 
4) For energies around the TI-nucleon resonance, effects which push neutrons 
into the nuclear surface are important for determining the size of the cross-
sections and must be considered before any conclusions can be drawn about 
other possible effects. 
5) The DWIA may be used in place of the full coupled channel calculation with 
negligible loss in accuracy. 
6) The effect of Coulomb distortion on the charge exchange reactions is very 
small for pion energies greater than or equal to 100 MeV. Thus relations 
supplied by charge independence which give the charge-exchange T-matrices in 
terms of differences of elastic T-rnatrices for TI'S of different charges may 
be used. 
7) At energies of about 100 MeV, the effect of two-nucleon correlations, as 
predicted with a second-order optical potential, are expected to dominate 
the charge-exchange process. 

REFERENCE 

1. G. A. Miller and J.E. Spencer, Phys. Letters 53B, 329 (1974), and 
Nucl. Phys. to be published. 



On the Optical Potential for 

Particle-Nucleus Scattering 

Abstract 

I.B.3 

A term by term analysis of the optical potential series is 

made using a separable scattering amplitude in a single 

partial wave. The Ericson-Ericson potential is shown to 

emerge on summation of a subset of the terms in the series. 

The high energy limit of the optical potential series is 

obtained. 
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SINGLE CHARGE EXCHANGE SCATTERING 13c~,;n:0)13N 
I.B.4 

L. c. Liu and V. Franco* 
Physics Department, Brooklyn College of City University of New York, 

Brooklyn, New York 11210 

The total cross sections of the single charge exchange reaction 
13c(1ct,r;0 ) 13N(g.s.) are calculated using a distorted wave eikonal approxi-
mation!. The charge exchange between the pion and the lp~ valence neutron 
is taken as the fundamental interaction in this DWEA calculation. To 
simulate the deformation of the nuclei, we allow the valence nucleon and 
the core nucleons to move in d_iff erent harmonic oscillator wells in such 
a way that the mean square radius of the whole nucleus stays unchanged. 
The degree of overlap between the valence nucleon and core nucleus wave 
functions is represented in this simple model by the ratio J =av/~. Here, 
a0 and 8v are respectively the original h.o. parameters of the 13c, 
determined by electron scattering, and the modified li.o. parameter of the 
valence nucleon, introduced above. Our results 3how that the energy de-
pendence of the cross sections is sensitive to,X. The calculations are 
compared with the published data2 in_ the figure. 
*Work supported in part by the National Science Foundation. 
1. L. C. Liu and V. Franco, Phys. Rev. Cll, 760 (1974). 
2. D. T. Chivers, et al., Nucl. Phys. ~§26~ 129 (1969). 

M. A. Moinster, et al., Phys. Rev.~' 039 (1973). 
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Nuclear Matter Theory for Pion Scattering from Nuclei I.B.5 

Hans A. Bethe 
Cornell University, Ithaca, N.Y. 14850 

* Mikkel Johnson 
University of California, Los Alamos Scientific Laboratory 

We present results relevant to pion scattering in the vicinity of the 33 reso-
nance. Here the nucleus is black except in the surface, and we are therefore 
concerned mainly with the low density interaction; in the lowest order in the 
nuclear density p the theory is relatively simple, but in order p 2 and higher 
it gets progressively more complicated. We have made two different calcula-
tions of the p2 term, both based on the Kisslinger off-shell assumption for 
the pion-nucleon amplitude. Various nuclear effects are considered but one 
calculation is less model dependent, as shown by Huf~er,(l) because we include 
nucleon correlations following Ericson and Ericson.< J Hufner's result is 
known more generally as Beg's theorem; although it applies only under certain 
restrictive conditions we believe these are sufficiently satisfied in the real-
istic case. Then the result is insensitive to the off-shell pion-nucleon 
amplitude. Although we prefer the calculation which includes correlations, we 
present results for both.(3) 

For one application of our theory, we consider the location of the 33 reso-
nance, which is most conveniently defined as the energy at which the real part 
of the forward amplitude vanishes. This is determined experimentally by 
coulomb-nuclear interference. In our theory we find three mechanisms which 
can influence the position of the resonance: a) the second order (i.e., p2 ) 
Lorentz-Lorenz-Ericson effect, b) the small phases, c) the Fermi motion of the 
nucleons. All these effects go in the same direction and result in a downward 
shift of approximately 10 MeV. 

Important experimental information may be obtained from a phase shift analysis 
of experiments. This is easily done at very low energy and energy near reso-
nance. In the former case only several partial waves are involved and these 
can be obtained relatively unambiguously. Near resonance the nucleus can be 
described as a black disc up to some radius b1 (or equivalently up to some 
angular momentum); again only a few waves need to be learned directly from the 
data. The partial wave analysis is thus easier for heavy nuclei than light 
ones. The radius b1 and the residual phases are predicted by our theory. 

(1) J. Hiifner, Nucl. Phys. B 58 (1973) 55. 

(2) M. Ericson and T. E. 0. Ericson, Ann. of Phys. 1.§. (1966) 323. 

(3) Results for the other calculation are found in H. A. Bethe and M. B. 
Johnson, Los Alamos report LA-5842-MS. 

* 
Work supported by the U.S. Energy Research and Development Administration. 
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NEW ESTIMATE FOR THRESHOLD PION 
PRODUCTION IN PION-NUCLEUS COLLISIONS 

Ronald Rockmore 

I.B.6 

Rutgers, The State University, New Brunswick, N.J. 08903 

ABSTRACT 

The Goldhaber-Teller model generalized to spin-isospin 
vibrations is used to provide a simple estimate for the total 
cross section for threshold pion production in pion-nucleus col-
lisions (TI-AZ~TI-TI+Az_ 1 ) in the case of nuclei with N=Z. Cross 
sections are calculated using the threshold approximant to the 
production amplitude for single nucleons consisting of pion pole 
plus contact terms alternately derived from the phenomenological 
Lagrangian theory and the current-commutator theory of multiple-
pion production. The threshold approximant in the latter theory 
fits the experimentfl pion-production data on protons poorly, 
and in the case of He, the lightest target nucleus considered, 
that theory predicts cross sections about a factor of 2 smaller 
than those similarly calculated with phenomenological Lagrangian 
input. In the case of the current-commutator theory, the 
Goldhaber-Teller predict~ons are gonsistent with those of the 
particle-hole model for 4He and 1 O obtained earlier by Eisenberg 
after quadrupling his calculated values to compensate for an 
omitted factor of 2 in his production amplitude. While the 
cross sections for the (TI,2TI) reaction in nuclei are still ex-
pected to be quite small, the prospect for their accessibility 
seems reasonably improved. 
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I.B. 7 
F l.RST ORDER OPT I CAL POTENT I AL 

D. J. Ernst 
Case Western Reserve University, Cleveland, Ohio 44106 

M. A. Nagarajan 
Daresbury Laboratory, Daresbury, Warrington, England 

R. M. Thaler 
Case Western Reserve University, Cleveland, Ohio 44106 

W. L. Wang 
Argonne National Laboratory, Argonne, I I I inois 60439 

The theory of Kerman, McManus and _Thaler proceedsA!?rough a pseudo-
optical potential operator U', defined such that T' = -r;- Tis the solution 
of a Lippmann-Schwinger equation of the form T' = U' + U'gPT', where P 
is the projector onto the nuclear ground state. In the lowest order this 
optical potential is conventionally given by U' = (A-I )tP. This approx-
imation is different from the approximation in which the true optical 
potential U is given by U = AtP. These two approximations are significantly 
different for energies below several GeV and for targets I ighter than A - 50 
Numerical differences between these two approximations for some cases of 
physical interest wi I I be presented. Formal relations between the two 
approaches are given which demonstrate that the use of U' = (A-l)tP is to 
be preferred. 

53 



54 

CORRELATION EXPANSION OF THE OPTICAL POTENTIAL I.B. 8 

D. J. Ernst 
Case Western Reserve University, Cleveland, Ohio 44106 

J. T. Londergan 
Indiana University, Bloomington, Indiana 74701 

G. A. Mi Iler 
Carnegie Mel Ion University, Pittsburgh, Pennsylvania 15206 

R. M. Thaler 
Case Western Reserve University, Cleveland, Ohio 44106 

The multiple scattering theory for the optical potential is arranged 
according to the number of target particles struck. The term which in-
volves two target particles is summed as a three-body problem. Both the 
Kerman, McManus, and Thaler and Watson formal isms are treated in this manner. 
A technique using sum rules to estimate the corrections to the use of the 
closure propagator is presented. The approach of Foldy and Walecka is 
critically analyzed and additional corrections for the case of a nonlocal 
two-body interaction are given. 



A HOLE LINE EXPANSION OF THE PION-NUCLEUS OPTICAL POTENTIAL* I.B.9 

C. B. Dover 
Brookhaven National Laboratory, Upton, New York 11973 

R. H. Lemmer 
Rand Afrikaans University, Johannesburg, South Africa 

The simplest first order approximation to the pion optical potential 
Vopt(r), proportional to the nuclear density P(r) times the free space ~N ampli-
tuae f, is inadequate for describing the energy dependence of pion-nucleus total 
cross sections (for instance) in the (3,3) resonance region. In the presence 
of a resonance in the elementary ~N amplitude, it is important to include the 
effects of the nuclear medium on the ~N amplitude, such as the Pauli principle, 
off-shell nucleon propagation in the nuclear potential, and collision damping. 

We have developed a systematic ~xpansion of Vopt(r) in terms of an effec-
tive density dependent ~N amplitude f, which registers these Pauli principle 
and binding energy effects. In this expansion, contributions to Vopt(r) are 
ordered according to the number of independent hole lines. This expansion 
assumes the form 

-2w V t(q) = 4~ )~ n(k)f(k,q;k,q) + ... q op .-.~ 
(1) 

k 

where n(k) is the nucleon occupation number, and wq is the pion energy. If we 
Fermi average over nucleon momenta k, f(q,q) = < t(k,q;k,q) > satisfies a modi-
fied Chew-Low equation of the form ~ 

~ 1 F(~-_e) ~ ~ 
'\ -2- . f (q,p)f(q,p) +crossing term L_, W W -W-l.E 
£. p p 

f (q,q) = fB (q,q) + 4~ (2) 

where fB(q,q) is givenl,2 by the free Born term times a Pauli blocking factor 
F(q). We have solved Eq. (2) numerically as a function of den~ity, and com-
pared the results to various approximate analytical solutions. The main 
effect of the Pauli principle is to damp the Born term at low energies; higher 
order ~N scattering graphs are not much affected, consistent with ref. (3). 
We have also compared these results with ref.(4), in which the Chew-Low graphs 
are summed to all orders in the density. This gives us an idea how fast the 
hole line expansion converges. 

The method discussed here is very general; its application in a Hartree-
Fock or shell model basis provides a tractable approach to the finite nucleus 
problem. The potential (1) must be supplemented by terms involving heavy meson 
exchange. In the hole line expansion, these contributions appear as an off-
shell effective NN interaction (G-matrix), summed over the two nucleon legs. 
Such contributions have also been estimated.2 

REFERENCES 
* Work supported, in part, by Energy Research and Development Administration. 
1. H.A. Bethe, Phys. Rev. Lett. 30, 105 (1973); J. Eisenberg and H. Weber, 

Phys. Lett. 45B, 110 (1973); Phys. Rev. ClO, 925 (1974). 
2. C .B. Dover, BNL Report 19359. -
3. C.B. Dover, D. Ernst and R.M. Thaler, Phys. Rev. Lett. 32, 557 (1974). 
4. C.B. Dover and R.H. Lemmer, Phys. Rev. Cl, 2312 (1973). 
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I.B.10 
RESONANCES IN EIKONAL MODELS 

J.R. Gillespie* 
Institut des Sciences Nucleaires, BP 257, Grenoble 38044, France 

The use of eikonal amplitudes for optical potentials or for multiple 
scattering models such as Glauber's in the vicinity of a resonance (e.q. pion-
nucleus scattering near the 3-3 resonance) is open to several uncertainties. 
The usual derivation of eikonal amplitudes is inconsistant with the conditions 
near a resonance : the amplitudes and wavefunctions vary rapidly, the angular 
distribution is uniquely determined by a single value of£, which like the 
energy, is not necessarily large. 

Likewise propagator expansions in inverse powers of the momentum will fail 
to reproduce the resonance pole if truncated at any finite order. 

The Fourier-Bessel (FB) representation may be obtained without approxima-
tion from the partial wave series. We show that continuing the FB amplitude in 
complex.lone obtains the exact amplitude near a resonance. The non-resonant 
background may be treated by perturbation theory. 

*On leave of absence, Dept. of Physics, Boston University. 



CORRECTIONS TO GLAUBER THEORY 

IN THE OPTICAL LIMIT 

David R. Harrington 
Department of Physics 
Rutgers University 

New Brunswick, New Jersey 08903 

I.B.11 

In the optical limit uncorrected Glauber theory gives a 
scattering amplitude equal to that for scattering from an 
elementary system via an optical potential proportional to the 
nuclear density. The lowest order finite-energy corrections to 
Glauber theory in the fixed-target approximation have the same 
form as corrections due to three-body interactions. In the 
optical limit these corrections can be taken into account by 
adding to the optical potential a correction quadratic in the 
optical potential and its derivative. This correction is 
identical to that for an elementary system except for an extra 
term proportional to the square of the optical potential. 
Estimates of the size of the extra term indicate that the 
corrected potentials for elementary and composite systems will 
differ appreciably only in the nuclear interior where, for a 
heavy nucleus, the absorption due to the leading term is 
already so strong that the size of the correct is unimportant. 
It should be possible, therefore, except perhaps at large angles, 
to calculate the finite energy corrections to scattering from 
a heavy nucleus by treating it as an elementary system inter-
acting via an optical potential. 
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ELECTRIC FORM FACTOR AND THREE-BODY 

FORCE IN 3H AND NUCLEAR MATTER No 4.130 

A.Kallio, P.Toropainen 

I.B.12 

Department of Theoretical Physics, University of Oulu, Finland 

and 

C.Ciofi Degli Atti 

Istituto Superiore di Sanita, Rome, Italy 

The high-energy electric form factor and the binding energy 
of 3H and 3 ' 4He are used to determine a 3-nucleon force purely 
phenomenologically. When three nucleons come close together 
this force becomes strongly repulsive much more so than with 
a pure two-body force, which is chosen to fit two-body scat-
tering data and the binding energy. At large distances the 
three-body force becomes attractive. The saturation curve of 
nuclear matter is calculated by employing the same interaction. 
I 11 1 · J · d · h 3rd n a ca culations the astrow method inclu ing t e 
order terms is employed. Determination of this force enables 
one to compare the ranges and the strengths with meson theo-
retical models. 



COMPARISON OF THE COVARIANT AND NON-COVARIANT 
PION-NUCLEUS OPTICAL POTENTIALS 

L. Celenza, L. C. Liu, and C. M. Shakin 

I.B.13 

Physics Department, Brooklyn College of City University of New York, 
Brooklyn, New York 11210 

We have compared a covariant optical potential1 with several non-co-
variant analyses appearing in the literature2 •3. The comparison was made 
using the fixed ~catterer approximation and using the ;JiN interaction of 
Londergan et ~l. Using a special definition of the spinor for an off-mass-
shell nucleon , we resolved unambiguously the kinematical transformation of 
the off-shell pion-nucleon scattering amplitude. We have constructed an 
optical potential containing only true dynamical off-shell effects. 0Wing 
to the limited space, the full effect on the differential cross section of a 
covariant calculation will be reported elsewhere. 

The covariant angle transformation is illustrated in the figure and 
compared·with other ad-hoc transformations2,3 for a case of off-shell (p~p') 
scattering of pion from 12c at T:n (lab)'"'-' 190 MeV. 

1. L. Celenza, L. C. Liu and C. M. Shakin, "Covariant pion-nucleus optical 
potential", to be published in Physical Review C. 

2. R.H. Landau, S. C. Phatak and F. Tabakin, Ann. Phys.(N.Y.) 78,299 (1973) 
3. M. G. Piepho and G. E. Walker, Phys. Rev. C9, 1352 (1974) ~ 
4. J.T.Londergan, K.W.McVoy and E.J. Moniz, Ann.Phys.(N.Y.)86, 147 (1974) 
5. L. C. Liu, Nucl. Phys. A223, 523 (1974) ~ 
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I. B.14 

IS LEVINSON'S THEOREM A NODE-COUNTING DEVICE? 

H. s. Picker 
Trinity College, Hartford, Connecticut 06106 

ABSTRACT 

It has been suggested that medium-energy N-N and 1\-it scattering data 
indicate the composite structure of these hadronsl). An essential in-
gredient of the argument of ref. 1 is the assumption that the underlying 
compositeness manifests itself by the appearance of a single node in the 
medium-energy elastic scattering wave functions at short distances. I 
note that in general, contrary to the implication of ref. 1, neither 
Levinson's theorem nor its subsequent generalizations for nonlocal poten-
tials justify the inference that the number of such short-range nodes is 
equal to ( ~(O) - ~(1110))/'\\, where b(k) is the usual partial-wave phase 
shift. This assertion is demonstrated transparently through the example 
of a particularly simple nonlocal potential devised by Heller2). Heller's 
potential gives zero phase shift at all energies. I show that its para-
meters may be adjusted to produce scattering wave functions with or without 
short-range nodes. 

1. D. D. Brayshaw, Phys. Rev. D 10, 2827 (1974). 
2. L· Heller, in The Two-Body Force in Nuclei, ed. s. M· Austin and G. M. 

Crawley, Plenum, New York (1972). 



* THE PION AS A PROBE FOR STUDYING NUCLEAR STRUCTURE 
M. K. Gupta 

and 
G. E. Walker 

Indiana University, Bloomington, Indiana 47401 

ABSTRACT 

I. B .15 

Using a fixed scatterer separable pion-nucleon interaction as input 
in a microscopic theory of pion-nucleus reactions, we have studied pion-
nucleus inelastic scattering, charge exchange and quasi-elastic scattering 
from light closed shell nuclei. 

We have concentrated on the energy range T = 70 - 200 MeV. The 
distorted wave imp1J.lse approximation, with a haff-off shell pion-nucleon 
t-matrix has been adopted. As a result of these studies, we predict that 
the pion probe (at energies below 100 MeV) will excite strongly nuclear 
states not easily seen using other probes such as photons, electrons and 
protons. In particular, odd parity T = 0 spin-flip states appear 
prominently in the nuclear response spectrum. Representative results 
supporting this conclusion will be shown. In addition the sensitivity 
of the results to the particular optical potential used to generate the 
distorted waves, the off-shell extrapolation of the pion nucleon t-matrix 
and the dependence of the nuclear response on the initial pion kinetic 
energy will 'be discussed. 

* Work supported in part by the National Science Foundation. 
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I.B.16 
* Dependence of the Off-Energy-Shell T-Matrix on the Total Three-Momentum 

L. HELLER and G.E. BOHANNON, Los Alamos Scientific Laboratory, and 

F. TABAKIN, University of Pittsburgh. 

Using a potential theory which satisfies the requirements of Lorentz 

invariance, the exact dependence of half-off-energy-shell T-matrix elements 
~ 

on the total 3-momentum, Q, is presented for two spinless particles. This 

is used to obtain a formula for the dependence of fully-off-energy-shell 
~ 

T-matrix elements on Q. Comparison is made with other procedures for 

transforming T-matrix elements from one frame to another, such as pion-

nucleon center-of-mass to pion-nucleus center-of-mass. 

* Work performed under the auspices of the Energy Research and Development 

Administration. 



The Effect of Short-ranged Unitary Transfonnations on the Rate of the Reaction rt d .... J'DD t 

W. R. GIBBS, B. F. GIBSON, and G. J. STEI'HENSON Jr. 
I.B.17 

Theoretical Division, ws Alamos Scientific Laboratory, ws Ala.mos, New Mexico 87544 

Recently we have discussed the dependence in a kinema.tically complete geometry of the spectral 

shape observed on the model assumptions used in a calculation of the photo-absorption of negative 

pions from the atomic orbitals of deuterium.1 We observed that the largest uncertainty arose from 

the treatment of the short distance be.~avior of the nucleon-nucleon relative wave functions in the 

initial and final states, but that, for variations which we consider reasonable, one should be able 

to e>.."tract the neutron-neutron scattering length to a few tenths of a fenni. On the other hand, 

5otona. anci 'ITUhlik2 report a large effect on the µ - d capture rate and Sauer3 demonstrated a large 

effect in the extraction of the Coulomb corrected proton-proton scattering length when short-ranged 

unitary transformations are applied to the nucleon-nucleon scattering wave functions. Consequently, 

we have investigated the effect of short-ranged unitary transformations on the rate of the rt photo-

absorption, including that transfonnation which gave Sauer' s largest effect. Following Sauer, we use 

a transform of the type 

) -ctr lr){gl = Cr(l - ~r e , 

where C is a normalization constant. OUr standard wave functions are described in Ref. 1, being the 

Rei-=. So!'t Cc~e C..euteron, ~ rn.s -r.:~·v·e :\.:.r.1.ction model :'or the scattering state, and an atcm:!.c c-"N(]. .. te 

orbital modified by the Born term of the multiple scattering series for the pion on the deuteror:. 
4 The operator was taken from Ba.er and Crowe. Two features emerge from the results presented in the 

Table. First, large effects can be produced for the case in which Sauer sees a large effect (a = 31 

~ = 2) if the transformation is applied only in one or the other state. When the same transforma-

tion is applied to both states, the two operations nearly commute, due to the effective lor.g range 

of the operator compared to the unitary transformation, thus removing the effect. Second, the 

individi.:al effects disappear when the range of the transform is decreased. We estimate a 150/o un-

certainty due to the neglect of higher order terms in the multiple scattering series a-id a 10°/o un-

certainty due to our knowledge of the transition operator. Hence, while measurement of this rate can 

distinguish between models in which the two states are treated similarly or very differently, it is 

not very prom:isine for distinguishing among cases where the states are transformed equivalently. 

t Work done under the auspices of the u. S. ERDA 
1. W, R. Gibbs, B. F, Gibson, and G. J. Stephenson Jr,, Phys. Rev, C_±!, 90 (1975). 
2. M. Sotona and E. Trlli'ilik1 Phys, Lett, 43B' 362 (1973). 
3. P. U, Sauer, Phys, Rev. Lett. 321 29 (197 ), 
4. H. w. Baer and K. M. Crowe, Proc., Int 11 Conf. on Photonuclear Reactions ard Applications, 1973. 

Total radiative capture rate for different wave-function models 
Mod.el Sta..."ldard a = 3 ~ = 2 a = 5 ~ = 2 

Scattering Deuteron Both Scattering Deuteron Both 
llate x lo-14 1.53 1.00 0.85 1.56 1.50 1.50 i,53 
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* I. B.18 
Pion Charge-Exchange Scattering From Light Nuclei , W. R. Gibbs, B. F. Gibson, 
A. T. Hess, and G. J. Stephenson, Jr., Theoretical Division, Los Alamos 
Scientific Laboratory, and W. B. Kaufmann, Arizona State University. 

We have examined the reaction lOB(~+,~O)lOC as a means of studying 

nuclear structure properties and the charge-exchange mechanism. A full 
multiple-scattering treatment was used with a separable form of the pion-

nucleon t-matrix describing the ~-N interaction. Spin-flip contributions 
were included. Because the initial state is J~ = 3+ and the two final 

. 1 bl J~ -- o+ and J~ -- 2+' h . d b partic e-sta e states are t e reaction can procee y 
both the monopole and the quadrupole nuclear form factors. We find that the 
quadrupole, spin-flip transition to the 2+ final state dominates the reaction; 
the lack of strong forward peaking of the basic ~-N charge-exchange amplitude 

leads to the quadrupole dominance over the monopole as may be seen from the 
figure. The calculation is in excellent agreement with the data(!). We have 
also examined the pion charge- exchange reaction for 7Li and 13c. We find 
that these cross sections, which do include the analogue transitions, are 

10 about the same size as the B cross section above T~ = 100 MeV implying that 
analogue transitions are not dominant in pion charge-exchange scattering. 

* Work supported in part by the U.S. ERDA. 

1. J. Alster, D. Ashery, S. Cochavi, M. A. Moinester, Y. Shamai, A. I. Yavin, 
M. Zaider, E. D. Arthur and D. M. Drake to be published. 
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The A Dependence of the Pion-Nucleus Scattering Lengths+ I. B.19 
13, F, GIBSON and C, K. SCO'l'I' 

Theoretical Division, Los Ala.mos Scientific Laboratory 

The s-wave ~--nucleus scattering lengths have been analyzed. to separate the isoscalar and iso-

vector contributions as a function of mass number, The scattering lengths determined. by Hufner, , 
Tauscher, and Wilkin- (HIW) were used, A natural choice of a parametric form for the scattering 

lengths is 
a[~-(N,Z)] = a

0
A + a1(N-Z) + b

0
A + b1(N-Z)/A, 

-3 -1 8 -3 -1 where a
0
= -5x10 µ and a1= - 7x10 µ (µ is the pion mass) are the isoscalar and isovector compo-

nents of the free ~-N scattering lengths, 2 Excluding 6Li and~ from the analysis, we found 

b
0 

= (-20,7 + i7,2)xl0-3µ-l and b1/A2 = (+4,9 - il,4)x10-3µ-l, 

A comparison of the fit with experiment is given in the Table, A typical discrepancy is that for 
12c, -(16*9) + i(ll±9), where the theoretical uncertainty in a is probably underestit:1B.ted., The exp 

quality of the fit implies that the parameters contain the essential features of ~-nucleus scattering 

lengths for N-Z s 1 nuclei, Data for N-Z ~ 2 nuclei are required. to determine the isotensor term, 

From the present phenomenology of N-Z = 01 1 nuclei there are several tentative conclusions which 

suggest further experimental and theoretical work: (a) The 6Li and 1~ scattering lengths do not fit 

the mass number systematics, (b) The value of b1 indicates a substantial contribution from pairwise 

interactions, (c) Re(8J._+ b1/A) vanishes in the vicinity of A
0

= 170, with the obvious consequences 

+ -for ~ and ~ scattering length relations above and below A
0

, (d) For charge excha:ri.ge scattering to 

the isobaric analogue state the real part of the scattering length vanishes near A = A
0

, ( e) The 

present fit casts doubt upon the validity of the cluster hypothesis of Ifill, 

t Work performed. under the auspices of the U. s. Energy Research and Development j\dministration, 
1 J, Hufner, L, Tauscher, and C, Wilkin, Nuclear Physics A231 (1974) 455. 
2 D, V, Bugg, A, A, Carter, and J, R, Carter, Physics Letters 44B (1973) 278, 

Table, The s-wave ~--nucleus scattering lengths in units of 10-3µ-1• The a were taken as the exp 
average of' the values quoted by IrIW. The acalc are the values resulting from the present fit. 

(N,Z) a acalc (N1 Z) a acalc exp exp 
4He -100 + 131 -103 + 129 20Ne -492 + il25 -514 + 1144 
6L1 -132 + 14o -154 + 143 7L1 -230 + 141 -233 + 141 

1013 -275 + 18o -257 + 172 9:ee -281 + 156 -274 + 152 

12c -324 + 197 -3o8 + 186 11» -357 + 194 -316 + 164 
14N -362 + 190 -36o + 1101 19F -481 + 1105 -482 + 1110 

160 -391 + 1106 -4ll + 1115 

65 



66 

ON PIONIC DEGREES OF FREEDOM IN NUCLEI 

Erich Vogt 
University of British Columbia 

Vancouver, Canada 

Many authors have recently speculated on the possibility 

I.B.20 

that a pion forms N* doorway states before it is absorbed in a nucleus. 
Perhaps the pion may also form other doorway states, more intrinsically 
nuclear, in which it is associated with many nucleons rather than a 
single nucleon. This possibility could be explored in studying the 
excitation function of partial absorption cross sections for final states 
in which only two fragments occur. Kinemetically such states are easily 
distinguished from those in which fragment emission occurs as the second 
step in pion absorption by two nucleons: in the latter case a single 
fast nucleon will normally accompany the fragments. The two-fragment 
process}n , though probably small in their partial yield, should be 
especially sensitive to any pion-many-nucleon doorways. These could 
manifest themselves as resonances, superimposed on the primary N* doorway 
resonance, in the excitation functions. The presence of such resonances 
in several two-fragment exit channels could establish them as pion 
doorways and not cross section fluctuations. They would be a direct way 
of exhibiting pionic degrees of freedom in the nucleus. As in many other 
areas of nuclear physics one should look for doorway states in those 
partial cross sections most likely to exhibit them. An experiment at 
TRIUMF is underway1 to search for resonances in fragment emission. 

1
P.W. Martin, et al, (private communication) 



I. B. 21 

INELASTIC TWO-BODY CONTRIBUTIONS TO PION MULTIPLE SCATTERING--
J. T. Londergan, Indiana University, and E.J. Moniz, MIT. 

The pion-nucleon scattering amplitudes are highly inelastic, indi-
cating a strong coupling to production channels, mainly 1J'fl/ -.. 1'1' N. 
Because the inelastic component of the basic two...;body interaction is 
large, a consistent multiple scattering theory for pions should include 
effects arising from the coupling of inelastic nN channels. We show 
how to generalize the conventional multiple scattering theory to cal-
culate pion elastic scattering from nuclei, using a multichannel 
separable potential for the pion-nucleon scattering amplitude and 
employing the fixed-nucleon approximation. This procedure yields 
extra terms, not present in the conventional formalism, which we sep-
arate into two types: (l) excitation of the pion, both above and below 
inelastic threshold, and subsequent propagation through the nucleus. 
We refer to this process as inelastic shadowing. This includes the 
contributions from processes such as n N-.pN and n N-+~N. (2) isobar 
production, e.g. n N-+ nfl. We examine both the qualitative and 
quantitative effects of both process on pion multiple scattering. 
For the inelastic shadowing term, we show that qualitative estimates 
of this effect can be obtained from a knowledge of the pion-nucleon 
elastic scattering phase shifts plus specification of the inelastic 
threshold energy, that is, without any detailed information about the 
inelastic channels. We also show that the inelastic shadowing con-
tribution is similar to the contribution from two-nucleon correlations, 
and we compare the size of these effects for pion scattering. We 
show the modification of the first-order optical potential necessary 
to account for inelastic shadowing effects. The isobar production 
contribution to pion elastic scattering involves the calculation of 
inelastic rescattering terms. We evaluate these terms for scattering 
of pions on very light nuclei and investigate this effect for energies 
near, and above, the nN P33 resonance. 
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I.B.22 
Glauber Type Representation For Nonlocal Potentials 

B. S. B HAKAR 
University of Manitoba , Winnipeg , Canada . 

It is wellknown that a Glauber representation 1 for the 
scattering amplitude is quite successful in explaing the data 
in the high energy domain . The main results of the formalism 
has been obtained assuming a local potential • As it is a common 
practice to incorporate effects of inelasticity , various 
exchanges , and energy dependence near a resonance by means of 
a phenomenological nonlocal potential , it should be of 
considerable interest to extend the Glauber representation for 
a nonlocal potential • Earlier attempts in this direction have 
been made by Malenka 2 and Abarbanel 3 who have extended the 
formalism for spinorbit and L2 type potentials • But these 
potentials depend on the velocity to a finite power . In the 
present study , we have sttempted to generalize the formalism 
for a nonlocal potential which may be written as 

V 1f = f dsi' 15C.~,j/J t+'C:~/J 
Such a potential is equivalent to introduction of all powers 
of momentum in the interaction . Following Glauber 1 , we assume 
the scattered wave of the form ~ 1k c ~J ::: eds; ~ f C 1J 
The amplitude is derived by neglecting higher order derivativesot 

PC~beyond first • This approximation is not equivalent to the 
low energy approximation of effective mass type . 
References 
1) R.J.Glauber,Lecture in Colorado Summer School,Vol.1,p.315. 
2)B.J.Malenka,Phy.Rev.95 ,522(1954). 
3) H.D.I. Abarbanel,Lecture in Colorado Summer School,Vol 14A. 



AMBIGUITY IN PI-NUC LEDS OPTICAL POTENTIAL I. B. 23 

J. Haak and A. Lande 
Groningen University 

and 

F. Iachello 
Ke rnfysisch Ve rsnelle r Institute, Groningen, The Netherlands 

1 
Recently we have emphasized that in consequence of the near cancellation 

of the isoscalar scattering lengths, bo = ~2a3 +a1) ~ 0, the finite range ofthe 
s-wave TT-N interaction gives rise to appreciable contributions to the strong 
interaction shifts of n-mesic atoms. We consider here the related ambiguity 
originating in the coupling constants of the TT-N interactions. To illustrate 
this, we parametrize the s -wave interaction in terms of t-channel exchanges; 
TTTT, T=O 11 0' 11 exchange, TTTT, T=1 p-exchange, and a hard core2 

F :.-~· J + ~!=~ + ~~;,4 --, 
I 

-µcrr ..... ..... e -µpr -µHer 
V(r) =V 

e 
+ t · T v + VHC 

e 
(J µ r p µ r \.lHC r (J 0 

Fixing µo-=1. 82, µp=3. 78, WHc=9.8 fm- 1 we generate a set of phase shift 
equivalent potentials whose scattering lengths and effective ranges are 
identical within 1 % (i. e. we 11 within experimental uncertainty). 

To evaluate the shifts we solve the Lippmann-Schwinger equation for each 
V(r) to generate the non-local T -matrix, extract a local approximation to it, 
T(r) <j>(r)::V(r)itJ(r), and fold T into the nuclear density to obtain the optical po-
tential. To focus on the finite range contribution the zero range contribution 
is subtracted out, and the remainder is added to the optical potential: 3 
bb=-0. 03 µ-1, b1=-0. 08 µ- 1, Im Bo=O. 04µ- 4, Co=O. 21 µ- 3, Im Co=O. 14µ-6, 
~= 1. For 52c r, in the absence of the finite range contribution, 6E2p=-1. 72 
keV, r 2 p=4. 81 keV. The total shift 6E2 p increases linearly with the strength 
of the longest range component of the TT-nucleon interaction. 

Potential v v VHC a3 a1 6E2 p ~ (J ~ -{MeV} {GeV} {GeV) {fm) {fm) {keV) {keV) 

1 -26 2. 2 14.6 . 1239 -.2434 -1. 97 4.79 
2 -179 3. 2 71. 3 . 1237 -.2430 -3. 35 4.77 
3 -301 4. 0 156. 9 . 1240 -.2413 -4.49 4. 81 

1F. Iachello and A. Lande, Phys. Lett. SOB {1974) 313. 
2J. Hamilton, in High Energy Physics, Vol. 1, Academic Press, N. Y. { 196 7) 
E. Burhop, ed. pp. 193-339. 

3M. Krell and T. E. 0. Ericson, Nucl. Phys. B 11 { 19 69) 52 1. 
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I. B. 24 
Pion-Nucleus Multiple Scattering and Nuclear ~-h States* 

M. Hirata, Brown University 

and F. Lenz and K. Yazaki, M.I.T. 

In the standard description of pion nucleus multiple scatter-

ing, the c.m. motion of the interacting TI-N subsystem is frozen 

as a consequence of the usually employed fixed scatterer approxi-

mation. We relax this approximation and include the propagation 

of the TI-N system and its interaction with the residual nucleus. 

This results in a description of the scattering process as 

multiple excitations of the nuclear ~-h states. A systematic 

expansion is presented, in which the static optical potential 

appears as the first order term and corresponds to the closure 

limit for the ~-h state. 

In solving the equation of motion of the ~-h states, we take 

into account the Fermi motion of the nucleons and the binding 

correction. In particular, this allows to study the possible 

influence of the ~-nucleus interaction on TI-nucleus scattering. 

Non-static corrections to the TI-N-~ vertex are included which 

corresponds in the limit of no Fermi motion and no binding cor-

rection to the angle transformation of the TI-N (33) amplitude. 

Higher order optical potential contributions describing the Pauli-

quenching effect are contained in our description and shown to 

be equivalent to the Fock term in the equation of motion of the 

A • 4 1 t" u-h states. As a practical example, we calculate TI- He e as ic 

scattering. 
* Work supported in part by ERDA. 
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A DWIA CALCULATION OF THE 13 cc~+,~o) 13N(g•s) CROSS SECTION r.s.25 

T-S. H. Lee 
Bartol Research Foundation 

of the Franklin Institute, Swarthmore, Pa. 19081 

K. Kubodera 
University of Tokyo, Tokyo, Japan and 

J. D. Vergados 
University of Pennsylvania, Philadelphia, Pa. 19174 

ABSTRACT 

The 13 cc~+,~0) 13N(g•s) cross section has been studied within 
the framework of the Distorted Wave Impulse Approximation (DWIA). 
The appropriate pion optical potentials and the single charge 
exchange transition operator were obtained from the finite ~-n 
off-shell t-matrix of Londergan, Moniz and McVoy. Realistic 
nuclear densities were used. The various non-local effects were 
included exactly by performing the DW calculation in momentum space. 

At energies close to the (3,3) resonance the predicted cross-
section remains essentially flat exhibiting a small mininrum. This 
minimum is less pronounced than in previous calculationsl based on 
the Kisslinger and Laplacian models. Our predictions, however, 
strongly disagree with recent experimental data both in shape and 
in magnitude (a factor of five too small). 

Harmonic oscillator (H•O) and Woods Saxon (W•S) wave functions 
and densities were tried. Such effects were small and unable to 
cure the disagreement with experiment. It seems that the problem 
lies with the DWIA itself. Other reaction mechanisms are currently 
under study. 

0.4 

M \>J•s~ 
~ 
~ 

t \ 

0.2 \ 

' b ' \ 
\ 

' 
'-~ 

~ 

0.1 
so 100 ISO 200 

L~ MeV 

1. N. Auerbach and J. Warsawski, Phys. Lett. 45 (1973) 171. 
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PION ELASTIC AND CHARGE EXCHANGE SCATTERING ON 3He 
r.s.26 

D. A. Sparrow 
Nuclear Physics Laboratory, Department of Physics and Astrophysics 

University of Colorado, Boulder, Colorado 80302 

ABSTRACT 

The subject of pion scattering from nuclei has received considerable 
attention recently. In particular, pion charge exchange reactions are of 
interest because of large discrepancies between theoretical predictions and 
experimental results for the 13c(n+,n°) 13N g.s. cross section. 1 Study of 
the reaction 3He(TI-,Tio)3H has been proposed2 as a means to help clarify 
these discrepancies, since detection of the recoiling tritons would allow 
measurement of the angular distribution, as well as the total cross section. 

The scattering is treated within the framework of the Glauber approxi-
mation, using a simple model for the scattering amplitude, which includes 
spin-flip. Only the leading component of the Ai=3 wave function was retained. 
Reasonable agreement is obtained with the elastic scattering data at 154 MeV. 

The contributions of spin-flip to the elastic scattering are generally 
small. For the charge exchange reaction however, at energies below around 
250 MeV, the spin flip mechanism can contribute up to 50% of the total cross 
section as well as dramatically influencing the angular distribution. A 
3He(n-,3H)n° experiment in which the recoiling tritons were detected to 
determine the angular distribution of the scattered pions would be very 
desirable. 

1. J. Alster et al., Bull • .Am. Phys. Soc. 20, 84 (1975). 
2. J. M. Eisenberg and V. B. Mandelzweig, preprint. 



I. B. 27 
PION ELASTIC SCATTERING FROM ALIGNED TARGETS 

M. S. Iverson and E. Rost 
Nuclear Physics Laboratory, Department of Physics and Astrophysics 

University of Colorado, Boulder, Colorado 80302 

ABSTRACT 

1 It was suggested some time ago that the differences in the interactions 
of TI+ and TI- particles with neutrons and protons can be used to investigate 
relative neutron and proton densities in nuclei. The use of aligned targets 
with TI+ and TI- beams presents considerable advantages for the extraction of 
neutron density information. As a framework for estimating ~ion scattering 
from aligned targets we use the Kisslinger optical potential including a 
deformed nucleon density distribution.3 The reorientation effects are 
treated using the distorted wave Born approximation (DWBA) which is found to 
be very accurate even for the large deformation S .......0.33 appropriate for 
165Ho. The deformation effect is found to be 
do do (O) (l)* (0) cl.O(aligned) - cl.O(unaligned) ,.._, (B2/B2 (max) - ~) Re(f f ) where f is the 

elastic scattering amplitude from a spherical nucleus and f (l) is the ampli-
tude for a quadrupole transition from a spherical ground state (L=O to L=2). 
This difference is linear in S and allows for the differentiation, in princi-
ple, of Sp and Sn deformation effects. 

1. E. D. Courant, Phys. Rev. 94, 1081 (1954); 
A. Abashian, R. Cool, and J. W. Cronin, Phys. Rev. 104, 855 (1956). 

2. L. S. Kisslinger, Phys. Rev. 98, 761 (1955). 
3. G. W. Edwards and E. Rost, Phys. Rev. Lett. 26, 785 (1971). 
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Geometrical Indication of Dips in Diffraction Pattern 
N. Nakamura, T. Kohmura*> and T. Negishi*) 

Department of Physics, Tokyo University of Science, Tokyo 
Department of Physics, Tokyo University of Education, Tokyo*> 

I. B. 28 

There exist some peaks and dips in the angular distribution for nuclear 
elastic scattering at intermediate energies. Two of the present authors 1) 
pointed out that the diffraction pattern has a universal (scaling) feature 
almost independent of the energy or

1 
the target with the first dip at the 

2 -2 J 2 momentum transfer squared q ~0.6A (GeV/c) and with the second peak at 
q2 ~0.9A-l/~ (GeV/c)2

, and that this universal feature is accounted for by a 
geometrical picture of scattering. It was recently observed that, as the 
energy goes up into the high energy region, the pattern of the angular dis-
tribution gradually changes with the energy: the first dip gets deeper and 
the second peak higher, both being located at nearly same momentum transfers 
squared as in the intermediate energy region. Here, we will present some 
results of our present analysis on the geometrical indication of the dips. 

The analysis is based on the eikonal expression for scattering, assuming 
the optical potential V(r) acting on the prqjectile. The optical potential 
being complex, the phase function x(b) in the expression consists of the 
real part ap(b) and the imaginary part Sp(b). 
In terms of the phase function, the real and the imaginary part of the 
scattering amplitude is expressed; 

-,Q.Plb) . 
ReF(q) = kfe sin[ap(b)] J 0 (qb)bdb, 

ImF(q) = kf{l-e-(1.flb)cos[ap(b)]} J 0 (qb)bdb, 
(1) 

the integrands of which are a peaked function and a cut-off function (see 
Fig. 1) of b multiplied by a periodical function J 0 (qb)b with a period 
determined by q. The zeroes of ReF(q) and ImF(q) are predictable owing to 
the periodicity. 

Let us express the i-th zero of J 0 (z) by A~. Zeroes of ImF(q) are 
predicted to be located at around q=A~i/R with the nuclear radius R, while 
zeroes of ReF(q) at around q=A~/b0 with p(b0 )=1/S. 

A dip in the angular distribution corresponds to a zero of ImF(q), and 
its depth is determined by ReF(q) (Fig. 2). Since the value of e-PP sinap is 
of the order of a/Se, the depth of the dip in the log(dcr/dQ) plot is predicted 
to be log(a/Se)-2 • The dip gets deeper with an increase of the imaginary 
part of the optical potential, i.e., with the energy. 

Our present prediction of the first dip to be at q=A~/R coincides with 
the result of the previous work which predicted the dip at q=A~/R, since A~ 
is nearly equall to A2

1 • 

References 
1) T. Kohmura, Lett. Nuovo Cimento ~ (1973), 956. 

T. Negishi and T. Kohmura, Prog. Theor. Phys. 2!_ (1974), 518. 
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Pion Scattering at Resonance Energies and 
Nuclear Correlations within Nuclei 

Tsunejiro Negishi and Toshitake Kohmura 
Department of Physics, Tokyo University of Education, Tokyo 

I. B.29 

Nuclear phenomena at incident momenta of several hundred MeV/c are 
supposed to be sensitive to the nuclear correlations within the nucleus. 
Nuclear scattering at intermediate energies is, however, well reproduced by 
a simple nuclear model; for example by the Glauber approach. Thus, the 
short-ranged correlations have not manifested themselves in nuclear events 
yet. 

The forward scattering amplitude F(O) for pion scattering from nuclei 
in the resonance energy region has been obtained in the experiments.0 The 
energy Eo at which the real part of F(O) is zero deviates from the resonance 
E• for pion scattering from nucleons. Here we discuss that this deviation 
of the energy comes from the off-the energy-shell effect of the propag~tors 
which has an intimate relationship with the nuclear correlations in scattering 
process. 

The Glauber approach, predicting that F(O) should be purely imaginary 
at the resonance energy, fails to account for the deviation of the energy.Q) 
In its expression, the off-the energy-shell part of the Green's function do 
not make much contribution to the nuclear scattering amplitude. Therefore, 
in the Glauber expression, multiple scattering is brought about with such a 
probability as <l/(kr)~> dully sensitive to the nuclear correlations, while 
in the exact scattering theory, with a probability as <e'4 ~/kr> sharply 
sensitive to the correlations at higher energies. 

We formulate a correction to the Glauber expression for the nuclear 
scattering amplitude in order to evaluate the deviation of the energy E0 

from E~, reffering to Sugar and Blankenbecler.~ The formalism is generaliz-
ed to the scattering from a composite system. We have obtained the pion-
nucleon potentials from the Fourier transformed of the pion-nucleon scattering 
amplitude in the formarisrn. The nuclear wave functions are used of the 
harmonic oscillator model. 

One of our results R=ReF(O)/IrnF(O) is shown in Fig. 1. The correction 
to the Glauber expression makes the energy E~ shifted down close to the 
experimental one. The present result does not, however, fit to the experi-
mental data over all the energy region. This discrepancy may be explained 
by the nuclear short-ranged correlations, which is neglected in our present 
analysis. The correction terms are very sensitive to the nuclear correlations. 
The real part of the forward scattering amplitude, which comes dominantly 
from the correction terms, is a physical quantity to give some information 
on the nuclear correlations. R .. Re Ho)/ ImF(o) 1.c,__ ________________ ---1 

Ref er enc es E><fe'rimentt. TI- C':i. 
''\ •:,..-r..- Gla.llbev- dpp'l'o~c.h ... ,, 

,, .............. 

1) c. Wilkin, c. R. Cox, J. J. Domingo 0. 5 
K. Gabathuler, E. Pedroni, 
J. Rohlin, P. Schwaller and 0 
N. w. Tanner, Nuclear Phys. B62 
(1973) 61. 

2) T. E. o. Ericson and J. " - C>.5 Hufner, 
Phys. Letters 33B (1970) 601. 

3) R. L. Sugar and R. Blankenbecler, - l.o '--------------------' 
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PION SCATTERING FROM A BOUND NUCLEON I. B. 30 

Y. Nogami and K.K. Bajaj 
Phys. Dept., McMaster Univ., Hamilton, Ont., Canada LSS 4Ml 

ABSTRACT 

We examine the validity of the impulse approximation for 
pion-nucleus scattering at medium energies by doing a model cal-
culation in which a pion is .scattered from a nucleon bound in a 
harmonic oscillator potential. The Hamilton we assume is 

2 
H = H + H + HI where HN = ~ + V(r) N TI 

HTI f dk w t = ak ak 

P(~,~') is a projection operator such that, when the nucleon is 
free (V=O), Hr acts only in the 33-state. The "shell model 
potential" is 

V(r) = ; mnr 2 where n = 41 A-l/3 MeV 

and m = nucleon mass. In the following we denote a free nucleon 
by Nf and a bound one by Nb. 

The TINf amplitude (for V=O) is obtained exactly; A and 
g(k) are determined such that TINf data including the ~(1236) 
resonance are reproduced. For the TINb amplitude, we obtain it in 
the orders of A and A2, and then use the Pade approximant. [This 
is the only approximation in our model calculation.] For the \ 2 
term, we do the summation for intermediate nuclear states exact-
ly. We find that the closure approximation which is often used 
for this summation is very misleading. In this respect it is of 
crucial importance to treat the nucleon recoil consistently. 
This point seems to have been overlooked in similar analyses done 
before. 

For example, for A=l6 which simulates 160, we find 
that; i) the resonance energy £where Re (forward scatt. amp.) 
=OJ is at ~ 160 MeV of the pion kinetic energy in the TI-160 
laboratory system. This is about 30 MeV lower than the corres-
ponding energy for TINf. ii) The total cross section at the 
resonance is ~ 300 mb which is to be compared with ~ 200 mb for 
TINf • The elastic cross section is also enhanced for forward 
angles. It is thus clear that the impulse approximation is very 
poor for this model case. We are examining various other fea-
tures of the model, and also the accuracy of the Pade approxirnant. 



SERIOUS AMBIGUITIES IN INELASTIC PHASE SHIFT ANALYSIS 

Hugh Burkhardt 

-Department of Mathematical Physics 
University of Birmingham, England 

ABSTRACT 

In the region above the inelastic threshold there is a 
continuum of amplitudes which give the same experimental 
observables. This is because the unitarity condition, 
which in the elastic region allows the determination of 
the complex scattering amplitude from the real cross-
section ( and other observables if there is spin ), 
becomes only an inequality constraint which allows a 
continuum of angle dependent phase functions. In prac-
tice this ambiguity is usually serious, though it is 
often unrecognised because artificially restricted 
parametrisations are used to give a unique, but arbit-
rary solution. 

Extra theoretical input of a dynamical nature can in 
principle remove the continuum ambiguity but, because 
numerical analytic continuation is always implied, 
only with data of absurd accuracy. Thus unique answers 
can only be found in practice by introducing inodel-
dependent assumptions; it is important to recognise this 
and to ensure that these assumptions are as dynamically 
plausible as possible. 

I.B.31 
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Effective Isospin Potential in Nuclear Excitations 

RENZO LEONARDI 

I.N.F.N. Sezione di Bologna (Italy) and Facolta di 

Scienze dell'Universita, Trento (Italy) 

I. B .32 

. (l) . . f . . 0 b . f We have discussed some isospin ef ects in strength distri utions o 
excitations carrying a unity of isospin on a target T (isovector excitations). 
In particular we have discussed the way in which the centroid energies split 
among the three available isospins T - 1, T, T + 1. The energy separation 
between these three energies is given in terms of an isoscalar, an isovector, 
and an isotensor effective potential. This last potential, not yet considered 
in the literature, has been proved to be systematic and significant in size. 
In order to illustrate the origin and the meaning of the isotensor potential 
we focus on excitations induced on a nucleus T by the transfer of two parti-
cles coupled to isospin T = 1 (or two holes or one particle and one hole). 
If the indices 1 and 2 label the nucleons of the pair and a, B label the nucle-
ons of the target and one treats the interaction of the pair with the target 
perturbatively, it can be shown that 1) the isotensor potential emerges from 
second order effects and 2) it can be profitably expressed a) averaging on the 
isospin of the target b) on the isospin of the pair c) averaging on the iso-
spin of both. We have in the three cases respectively: 

a) v12 (tensor) = Kl2 
[ + + + + 3(t1 .T)(t2 .T) T(T + + ] + 1) ( tl . t 2) 

b) (tensor) [ + + + + + + J v = K 3(t .T)(t .T) T(T + l)(t .t ) 
aB aS a B a B 

c) v (tensor) = v [~<~.r)2 3 + + 
T(T + l)J t + 4( T .T) 

In the zero range approximation (V = V o(r - r ) ) K , K , V can be 
la 0 1 a 12 aB t 

simply expressed in terms of the (microscopic) interaction strength v0 , the 

density distribution of the neutron excess pair of the target p , the density en 
distribution of the transferred pair p and a mean energy denominator (generally 
negative) arising from perturbation theory to second order. 

v~ 
E 

p 
en 

v~ 
E 

Isotensor effects can be measured remembering that 

f ++ ++ + + p(r r' )p (r r') dr dr' en . 

T(E - E ) -(T + l)(E - E ) = pure isotensor effects T + 1 T · T T - 1 

(1) Submitted to Phys. Rev. 



I. B ,33 
On the Interaction of Slow Jt-Mesons with Nuclei 

G.G.Bunatian 
Joint Institute for Nuclear Research 

The~meson-nuclei interaction is described with the 
help of the effective quasipotential V err• For .%-mesicatoms 
not only commonly observed transitions (for them we have a 
satisfactory de~ription) but also the binding energy Ene' 
width r ne and Y:Jne function have been thoroughly investigated 
for different (ne) states of the 1t-meson (see for example 
fig. 1 ) • The Ene, ~e values depend on the form of the wave func-
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tions which are small inside the nucleus 
for all states including 1S. Since the 
value of~(,·nuclear shift in Ene' is 
determined by the overlap of ~nefuncti
ons with nucleus, hence it strongly de-
pends on 1, Jf 2 5 > 4t+ ,., E'is -:::::,£ 6" d l 
We have investigated the dependence of 
all results on the Veff parameters, in 
particular on nuclear density distribu-
tion (for light nuclei e.g. Li6 it is 
very strong). For the elastic scatte-
ring :/{;ft on nuclei the dependence of 
the cross section on Veff parameters 
has been carefully. studied as well. In 
fig.2 the dash-point curve was obtained 
taking into account the Lorentz-Lorenz 
effect and pair absorbtion; the dashed 
curve - without considering the Lorentz 

27f!F 8 DMeV :::'T.n -Lorenz effect, and solid curve was ob-

.. 

-I 
10 •• •• •• ID 

tained taking into account niether Lo-
rentz-Lorenz effect nor pair absorbtion. 
In most cases as well as in case illus-
trated in fig.2 the description of the 

\~-/experiment cannot be considered satis-
'·-

~o ti factory. 
O'Lao . ..l' Q 

na •• ,.,,· J(~, 
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Calculation for the reaction K~d ~~-AP with two-step process 

T. Ishihara, Y. Iwamura and Y. Takahashi 
Science University of Tokyo, Shinjuku-ku, Tokyo, Japan 

E. Satoh 
Seikei University, Musashino-shi, Tokyo, Japan 

An enhancement in the /\p invariant-mass distribution near 
2130 MeV has been reported from a study of the reaction K-d~nAp 
by several experimental groups. In particular, the data observed 
by Cline et al <1> are quite interesting; there are two peaks just 
below l:N threshold and just above /\N threshold. The physical 
meaning of these enhancements is not clearly understood so far 
partly because of the difficulties of the relativistic calcu-
lation of triangle diagram shown in fig.I. 

We have applied Shapiro 1 s mode1<2> to oaloulate the triangle 
diagram, here we used Hulthen type deuteron wavefunotion at 
vertex A, Y:(1520) at vertex ' ~ 
B and Satoh's two body TA~ ,.8 
matrix(3/ in which L. I\ con- ~ 
version is explicitly taken ~ z.,... 
into account, at vertex C. rd li-l 8 

Then we come to conclusions; 75 re; ~ 
(1) the two peaks are natu- ~ 
rally and automatically ap- m ~ 

peared if we use the 'l'A 1:. ~50 l2: ,E 
matrix at vertex C, (2) the ~ <E-t 
positions of the two peaks ~ 
are essentially depending on <t--t 

the TAi:. matrix, (3) the peak 0 25 
just below ~ N threshold is 
due to the l\p resonanoe(not ~ 
cusp effect) which would not ] 
be able to be explained ~ 

wi theut considering ~./\ con- 2000 2100 2200 2300 
M(/\p) (MeV) 

"JC-

version at vertex C and 
(4) the peak just above /\N 
threshold is due to two-

Fig. 1. /\P invariant mass spectrum 
and triangle diagram. 

channel final state interaction, its ohar.acteristic is included 
in the TAL matrix. The result of our calculation is shown in 
fig.l so as to compare with the experimental data by Cline et al. 
Calculated cross section is drawn by solid line in fig.I. The 
half width calculated wiFh the paramrters fitted to the cross 
section was estimated to be 7.1 .MeV whereas Cline et al esti-
mated ·to be f' ~ 10 .MeV. 
1. D.Cline et al, Phys. Rev. Letters 20, 1452 (1968) 
2. I. s. Shapiro, " E. Fermi " course 38, p.210 (1967) 
3. E. Satoh, Nucl. Phys. B49, 489 (1972) 

I.C. l 
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I.C.2 
THE ROLE OF ~33 - ISOBARS IN PION CONDENSATION AND PION SCATTERING 

G.E. Brown and W. Weise 

Department of Physics, State University of New York 

Stony Brook, N.Y. 11794 

In an investigation of pion interactions with nuclear matter, the ~33 
isobar has been introduced into a many-body description of the nuclear medium. 
The isobar is assumed to interact with nucleons through meson exchange mecha-
nisms, mainly the exchange of pions and p mesons, supplemented by short range 
repulsive correlations generated by w mesons. Coupling constants, as far as 
they are not known from isobar decay, are derived from quark model consider-
ations. 

The isobar enters as an excitation channel into the pion self energy in 
the nuclear medium and therefore determines the response of the system to ex-
citations carrying the quantum numbers of a pion. Two cases of interest are 
studied: 

1. Pion condensation in dense neutron matter, which is of some relevance for 
neutron star dynamics. A realistic calculation of the critical density Pc for 
negative pion condensation has been carried outl, giving Pc = 2 p 0 (in unit~r 
of nuclear matter density, p

0 
= 0.17/fm3). If isobars are not included, the 

critical density becomes larger than 3 p0 . Repulsive isobar-hole correlations 
(mainly the Lorentz-Lorenz correction plus additional pieces due to p meson 
exchange) turn out to be extremely important. The equation of state for dense 
neutron matter in the presence of a pion condensate is also studied. 

2. Pion scattering in nuclear matter is described in terms of the coupling of 
a pion to a T = 1 spin-isospin mode built up by isobar-hole correlations 
(among which the one-pion exchange piece alone generates the conventional mul-
tiple scattering series). Self energy interactions of an isobar in the nuclear 
medium are estimated and found to be nearly as attractive as those of a nuc-
leon. Neither the position nor the width of the 3.3-resonance in nuclear mat-
ter is found to undergo drastic changes due to the coupling to many-body de-
grees of freedom? 

References: 

1. S.-0. Backman and W. Weise, Phys. Lett. SSB, 1 (1975) 

2. G.E. Brown and W. Weise, in preparation. 



THE (p,TI-) REACTION AND~++ COMPONENTS OF NUCLEI* 

Leonard S. Kisslinger and Gerald A. Miller 
Carnegie-Mellon University, Pittsburgh, Pa. 15213 

ABSTRACT 

I.C.3 

The single pion production process (p,TI) is an especially promising one 
for exploring new aspects of nuclear structure. The momentum transfer at the 
TI-production threshold is about 2.5 fm- so that for the single nucleon mech-
anism one deals with high momentum components of nuclei. It has recently been 
shownl that by using new developments in the treatment at the pion optical po-
tential, it is possible to calculate the known (p,TI+) cross sections with 
satisfactory agreement with experiment. Here we make use of these theoretical 

+ -developments for (p,TI ) to study the (p,TI ) reaction, where quite different 
physics enters. 

For momentum transfers of ~2 fm- 1 one can expect not only to explore the 
high momentum components of ordinary nuclear wave functions, but also to begin 
to be sensitive to meson degrees of freedom. The main point is that nuclear 
vertex functions for nucleon transfer drop very quickly for momentum transfer 
~2 fm- 1 while the high spin and angular momentum properties for baryon reso-
nance transfers provide relatively large high momentum components, especially 
at the nuclear surface. 

The (p,TI-) should be especially promising for exploring ~++ components of 
nuclei because the reaction can proceed via a single ~++ transfer mechanism. 
In the present work we use an isobar model in which the baryon resonances are 
treated on the same footing as nucleons.2 For the deuteron, the ~-~ compo-
nents have been calculated in perturbation theories and in coupled-channel 
calculations. However, adequate quantitative techniques for handling the 
many body problem have not yet been developed. Hence a qualitative model 
based on perturbation calculations3 is used. The overall normalization is 
the biggest uncertainty. We observe that nuclear collective modes involving 
spin and isospin will play a dominant role, so that the role of baryon reso-
nances is deeply involved with interesting nuclear structure physics. 

In order to assess the utility of the (p,TI-) reaction in learning about 
~++ components, it is necessary to evaluate the cross sections for the "ordi-
nary nuclear" or "background" processes which compete. We consider the 
following terms: proton charge exchange (p,n) followed by an (n,TI-) reaction; 
emission of a TI 0 (p,TI0 ) followed by a pion charge exchange reaction (TI+,TI-). 
These should be the main background processes. Distorting optical potentials 
must be used for all of these processes. 

Estimates of the cross sections at several energies are made. As the ener-
gy increases from threshold, the ~++ transfer processes stand out from the 
background. Even with ~ probabilities as small as .0001, the ~ transfer pro-
cess can compete with the ordinary background charge exchange reactions at 
medium and high energies. Furthermore, there is strong dependence on N* spec-
troscopy so that by choosing suitable nuclei one can get excellent tests of 
the baryon resonance models. 

*supported in part by the National Science Foundation. 
1. G. A. Miller, Nucl. Phys. A 224, 269 (1974); G. A. Miller and S. C. Phatak, 

Phys. Letters 51B, 129 (1974Y:--
2. S. Jena and L.--S:- Kisslinger, Ann. Phys. (N.Y.) 85, 251 (1974). 
3. R. Schaeffer, L. S. Kisslinger, and E. Rost, to be published. 
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ON THE EXCITATION OF THE N* ( '1236) IN NUCLEI I.C. 4 

M. Dillig, M. G. Huber 
Inst. for Theor. Physics, Univ. of Erlangen-Nurnberg, Germany 

The excitation of a bound nucleon into the N*('12"36) resonance 
has been investigated in a particle hole model'1,2J for the case 
of light nuclei. It turns out that interesting features are 
expected to occur such as a collective shift of the center of 
gravity of the excitation spectrum and a (possible) fine struc-
ture, which might be detectable in reactions under appropriate 
kinematical conditions. The details of the collective excita-
tion spectrum depend on t:a,e structure of the target nucleus 
and the strength of the N -interaction. 
First steps towards a quantitative investigation of the model 
mentioned above have been performed: 
'1. A(AN) interaction has been derived on the basis of a One-

Boson-Exchange-Model (with the exchange of n, ~,'-> ,~ mesons); 
a consistent set of coupling constants could be obtained 
from different models (expecially from the quark model); 

2. the binding energy of an N*('1236) in light nuclei has been 
calculated, including '1st and 2na order contributions. It 
turns out, that a corresponding single particle potential 
for a ~ in a nucleus is comparable or somewhat stronger 
than the single particle potential for a nucleon. 

3. The width of a. bound N* has been calculatet in .,st order 
perturbation theory for the nN, N, n, NN ch~els. At least 
for these channels the total widths of an N is significantlJ 
reduced comp~e~ to !free ~ '120 MeV. An estimation of the 
nNN channel is in progress. 

4 • .An estimation of collective effects resulting from the Nd 
residual interaction is under way. 

The results of the calculations are compared to experimental 
data available for light nuclei (deuteron and 4He). The in-
vestigation of those collective excitations of the nuclear 
(3,3) resonance may lead towards a better unterstanding of 
both the NN* interaction and the properties of the nuclear 
many body problem. 
'1. M. Dillig, M. G. Huber, Phys. Lett. 48B, 4'17 ('1974) 
2. M. Dillig, M. G. Huber, "Mesonic Effects and Nuclear Struc-

ture" (Ed. K. Bleuler, Wissenschaftsverlag, Mannheim, p. 80 
('1975) 



NN* ADMIXTURES IN THE DEUTERON 

E. Rost 
Nuclear Physics Laboratory, Department of Physics and Astrophysics 

University of Colorado, Boulder, Colorado 80302 

ABSTRACT 

I.C.5 

In view of the current interest in nuclear isobars in a nuclear physics 
context, a semi-phenomenological calculation was performed considering NN* 
admixtures in the deuteron for all presently accepted N* isobars. The Reid 
hard core potential was used for the NN components with its intermediate 
range attraction modified by the presence of the NN* components. The 
renormalized strength of the intermediate range attraction was treated as 
the eigenvalue in a coupled-channel bound state system, the deuteron binding 
energy being constrained to equal the measured value of 2.225 MeV. The inter-
actions coupling the NN* with the NN components and the diagonal NN* inter-
actions were generated by a generalized OPEP potential with coupling constants 
directly obtained in terms of experimental N* - TIN widths. The results of the 
coupled channel calculations yield several NN* amplitudes in the 0.1-0.3% 
range with a total NN* admixture of about 1.5%. Some of the NN* components 
are rather large at high momenta and thus may be observable in high momentum 
transfer processes. 
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NUCLEAR MODIFICATION OF TI-N RESONANCE 
William A. Friedman* 

University of Wisconsin, Madison, WI 53706 

I.C.6 

Recent studies of an isobar-doorway model for TI-nucleus reactions in the 
(3,3) resonance region suggest an effective t-matrix appropriate for use in a 
multiple scattering treatment. Due to nuclear effects, this amplitude differs 
from the free TI-N amplitude. Past discussion has centered on the shift in the 
resonance energy. We suggest that the amplitude should also have an addition-
al width, which has a simple physical interpretation, and which can have a 
marked influence on the cross sections. 

The additional width, designated as r+, arises from the shortening of 
the life-time of the 6-resonance due to 6-N collisions. Its source is thus 
analogous to the atomic phenomenon of collision broadening. We estimate r+ 
by r+= 1'ic (P TI/m6 c) p a 6N , (1) 
where PTI is the momentum of the incoming TI, p is the average nuclear density, 
and a6N is effective 6-N cross section. The additional width provides a re-
duced amplitude at resonance, (teff =(I''ITN/(rTIN+r+))tfree). 

Using the data for the TI-d total cross section, the optical theorem, 
and an assumption that single scattering (with teff) dominates the forward 
scattering amplitude, we estimate, for the deuteron, r+ ~ 16 MeV<<llO MeV=I''ITN. 
With electron scattering estimates of p, we obtain, from Eq. (1), the value 
of 160 mb for a6N· It is then possible to estimate r+ for other nuclei, e.g., 
65 MeV for 12c, and 80 MeV for 32s. These values are of the same order as 
r 'ITN. 

We obtain the following simple empirical relationship which fits the 
maxima in the measured total cross sections for nuclei with ~A;:;;32: 

max~ (a/A)l/3 (I' /(I' +r+))(kmax/kmax)2 A 0 max 
OTIA ~ TIN TIN A 'ITN TIA TIN • (2) 

Here, the first factor (~1.7) provides for absorption shadowing, the 
second involves the effect of broadening; the third is a kinematic factor 
necessitated by shifts in the momentum for the maxima; and the final factor 
is the simple single scattering result. (The widths are energy dependent; 
those given above are their values at the resonant energy.) 

The line shape of the TI-A resonance is determined by considerations 
in addition to rTIN+r+. The absorptive shadowing varies with the energy: 
Off resonance, aTIA~aTIN; while at the resonance peak the result is given 
by Eq. (2). The peak is suppressed relative to the wings, giving an ap-
parent broadening. If shadowing is not accounted for, r+ would have to be 
much larger to fit the data, e.g., r+ ~200 MeV for 12c. 

Finally we note that the existence of r+ might decrease the pion ab-
sorption in multiple-scattering calculations and hence improve the agreement 
between theoretical and experimental total cross sections for charge-
exchange reactions. 

*Supported in part by the National Science Foundation. 



I.C.7 
MODIFICATION OF THE A-PROPAGATOR IN NUCLEAR MATTER* 

F. Lenz, E. J. Moniz and K. Yazaki 
Massachusetts Institute of Technology 

We have studied various modifications of the ~N 3-3 resonance 
in nuclear matter. Our starting assumption is that of an 
elementary isobar coupled to the P-wave nN system. We calculate 
the isobar self-energy and fix the free parameters (the isobar 
bare mass and the nNA coupling constant and interaction range) 
to the 3-3 scattering amplitude. With this model, we evaluate 
the self energy for an isobar at rest inside nuclear matter. 
Differences from the free self energy arise because of Pauli 
blocking, distortion of the pion propagator through an optical 
potential, and hard-core correlations. The isobar mass is 
defined by the zero of the real part of the A-propagator, and 
we find an upward shift in nuclear matter (depending upon the 
specific model, this shift can be 10-20 Mev). Above the 
resonance energy, the imaginary part of the self energy is 
decreased. Such effects provide a correction to the (e,e') 
and total photoabsorption cross sections in the relevant 
energy region. 

* Work supported in part by the u. s. Atomic Energy Corrunission. 
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ORIGIN OF THE Nx {120b~NHANCEMENT AND THE DX EFFECT. -

R. Baldini-Celio, F. L. Fabbri, G. La Rosa and P. Picozza 
Laboratori Nazionali di Frascati del CNEN, Frascati, Italy 

I.C. 8 

We present a calculation of the differential cross section for the pro-
cess D+p-..D+X at the kinematical conditions of the Saclay-Caen-Frascati expe 
riment(l ), where data show a very sharp peak, at small momentum transfer:-
corresponding at a Mx invariant mass of ,....120-()MeV, in a pure I=l /2 isospin 
state. In this calculation the deuteron is treated following the impulse approx_!_ 
mation and the nucleon-nucleon interaction is assumed to be dominated by 
one pion exchange with A33 (1236) excitation in the deuteron according to the 
graph in Fig. 1. No arbitrary normalization is made and the agreement with 
the experimental data, as is shown in Fig. 1, is very good. This model provi-
des also an enhancement in the D-1t invariant mass, to be connected with the 
well known Dx(2200) effect, seen in many experiments. A prediction, without 
arbitrary normalization, is reported for the process p+D-c>D+n+ rt - at P-=5. 5 
GeV /c. In Fig. 2 is shown a comparison with experimental data(2),normalized 
to the total experimental cross section, which is satisfactory, taking into ac -
count at these energies other mechanisms may contribute. 

Moreover this calculation has been extended for polarized deuterons. 
Sizeable effects are provided. For example, in the Saclay experiment kinema 
tical conditions. for QD=7°, we get at the peak:(da1 -da)/d<r~-15% and -
(dcr 0 -do)/dO'z+30%, being d~, dcr 1 anddo 0 the differential cross sections re-
spectively for deuterons unpolarized and polarized with spin p:cojection 1 and 
0 normally to the scattering plane. 

(1) - J. Banaigs et al., Phys. Letters 45B, 535 (1973). 
(2) - H. Braun et al., CBH 73 /2 (1973 )-. -·-
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( 7f ~ 12c) BACKWARD ELASTIC SCATTERING AT INTERMEDIATE ENERGIES. I.D .1 
F. Balestra, L. Bussa, R. Garfagninl and G. Piragino. 
lstituto di Fisica dell'Universita, lstituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy, 

R. Barbini, C. Guaraldo apd R. Scrima9lio 
laboratori Naziona1i di Frascati del CNEN, Frascati, Italy. 

F. Cannata 
lstituto di Fisica dell'Universita, Bologna, Italy. 

- 12 Measurements and analysis have Ileen made of the differential cross section in the proces: ( n , C) ref. 
(1), and ( lt+ ,12c) with incident energies fro1 60 up to 9J HeV of the pion beam of the LEALE laboratory 
of Frascati and in the angular region 160°+ 180°. laboratory angle. The experimental apparatus is described 
in ref. (2). 
The data are compared with elastic differential cross sections calculated with the optical potential of ref, 
(3), In which the contribution of the nucleon momenta constitutes a longitudinal current that Is non-zero and 
reduces by a factor {1/2) the terms containing the Laplacian of the density in the new Kiss linger potential 
of ref. (4), thus recovering the result of Hach, ref. (5). The cross sections calculated with the quoted 
potential are in better agreement with the experi1ental data than previous calculation with potential of 
ref. (4) and ref. (6). 
References: (1) R. Barbini et al. ,Lett. Nuovo Cl111ento JJ., 359 (1975). 

(2) F. Balestra et al.,~. l1J. 347 (1974). 
(3) F. Cannata et al.,Pbys. Rev. SJ2. 2093 (1974). 
(4) S. Kisslinger and F. Tabakin, Phys. Rev. C, 9d 188 (1974), 
(5) R, Mach, Nucl. Phys. A~, 56 (1973). 
(6) H. Ericson and T.E.O. Ericson, Ann. Phys., ,21. 323 (1966). 
(7) R.11. Edelstein et al., Phys. Rev., 122, 252 (1961). -(B) ByField et al,, Phys. Rev., 86, 17 (1952). -
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62 MeV ,..- data of ref. (81, The llOlid c:urvea were calculated 1.1aing the 

optical potential of ref. (3), The long duhed curve wu cakul•ted wJth 

the PQ~ntial a{ ref.(4}. The short d.shed c:urvea were calculated with 
the potential or ref. (6). 

;--~ ____ __._ __ ---~-s-;·;-··1 ?s!;·1- ts!s __ _ 
.- :?.19 ! 1.09 ! 0.64 ! 0.27 , O. 'lO ! 0.4C .· ! 

o. 22 ! 0.17 · o. n? o. 44 

.- t.4o!o.47 1.3t!o.35: 0,'4,2to.36 .· 1. 12 ! 0, 43 i o. 56 ! 0. 32 

I I 

--
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(71.!"• 12c) BACKWARD INELASTIC SCATTERING AT INTERMEDIATE ENERGIES: LOW EXCITED STATES. 

R. Barbini, C. Guaraldo and R. Scrimagllo. 

I.D. 2 

Laboratori Nazionall di Frascati del CNEN, Frascati, Italy. 

F. Balestra, L. Bussa, R. Garfagnini and G. Piraglno. 
lstltuto di fisica del1 1Unlversita, lstituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy. 

t12 We have measured. with the pion beu of the LEALE laboratory of Frascati .the ( Tl C) backward inelastic 
different~ cross sedlons,at the pion energies 50-00 MeV, In the experi.ent described ir. ref.(1), The ex-
~erlm~ntal a?par~tu,(?)consists in a 1agnetlc spectroaeter with a self shunted streamer chamber(3) for Iden-
tifying scattering events, by detecting both the incident and scattered pion tracks. The resolution of the 
apparatus turned out to be less than 2% in the energy range considered, sufficient to clearly separate the 
4,43 MeV level, the group ~f levels around 10 MeV and the group of levels starting at 15 MeV. As far as the 
7,65 Me'i level Is concerned.our apparatus is fully able to separate It fro• the 9.63 MeV level for incident 
pion energies less than about 70 MeV, while it Is at Its resolution limits near 90 MeV. We took advantage 
of the redundancy of parameters measured for each event for statistically assigning each event to the inela-
stic channels. In tables are reported differential cross sectio~correspondlng to excitation by negative 
and positive pions of the individual nuclear levels or grou11of levels of 12c. Excitation of the 7,66 MeV 
level Is of the sue order of magnitude of the others. The differential cross sections for the over-all ex-
citation of the group of levels around 15 MeV are larger than the pthers, according to the first data of 
Baker et a1.(4). References: (1) R. Barbini et al.,Lettere Nuovo Cimento .lL 359 (1975). 

(2) F. Balestra et al.,!.:.!&!!. J.li, 347 (1974). 
(3) F, Balestra et al.,N.J.M, ~ (1975). 
(4) W. Baker et al.,P.R. 112, 1763 (1958). --

( w-: 12
c) INELASTIC DIFFEHENTIAJ. CHOSS SECTIONS d8' 

dA. ( mb/sr). 

( •+, 12
c) INELASTIC DIJ.'FJ·:IH;NTJAJ. CBOSS SJ.;CTIONS :~ (mh/sr). 

LEVEL An~ular bin Pion Kinetic Energy Level Angular bin Pion Kinetic energy 
12c (lab. •y•t.) (MeV) 12c (lab. sy•t.) (MeV) 

75 ! 5 85 ± 5 95 ± 5 
sst s 75! 5 85 t 5 

160° • 110° o. 22 t o. 18 o. 30 % o. 23 4. 43 MeV 
170°. 180° -o. 87 ± o. 37 0.63 ± o. 31 160° - 170° l. 28 t 0. 75 o. 47 to.22 o.64 t-o. so 

4. 43 MeV 1 70° - 180° o. 37 ! 0.25 0,61 !0.24 o. 44 to. 31 

160° - 110° I.Ost 0.83 0.62 ± o. 37 
7.11 MeV 

170° - 180° o. 53 t o. 26 160° - 170° o. 40 to. 34 0.26 to.16 o. 50 ! 0. 42 o. 59 ! o. 30 
7.66 MeV 110° - 180° o. ~~ ! o. 24 o. 77 ! o. 27 o. 43 to. 28 

160° - 170° o. 46 ! o. 32 o. 73 ! o. 40 
I.II MeV 

170° - 180° o. 55 '!' o. 26 160° - 110° o. 37 t o. 33 o. 36 t 0.17 0,47±0.37 0, 90 t o. 39 
8.63 MeV 110° - 180° 0.60 ! o. 32 o. 86 to. 27 o. sst 0.30 

160° - 110° o. 70 t o. 44 1. 33 !' o. 56 1, 78 t 1. 78 15 MeV 
110° - t eo0 160° - 170° o. 95 t o. 39 1. 40 ! o. 49 2.08i1.13 1. 45 i' o. 69 1. 22 to. 41 0.68 ! o. 38 

15 Me.V 110° .. 180° 2.:1 ± 0.89 l. 45 to. 36 l,83tO, 51 
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'f" I.D.3 (n-. 12c) BACKWARD INELASTIC SCATTERING AT INTERMEDIATE ENERGIES: VIRTUAL STATES AND QUASI-FREE SCATTERING 

R. Barbini, C. Guaraldo and R. Scrimaglio 
laboratori Nazionali di Frascati del CNEN, Frascati, Italy. 

F. Balestra, L. Bussa-, R. Garfagnini and G. Piragfoo. 
lstituto di Fisica dell'Universita, lstituto Nazionale di Fislca Nucleare, Sezione di Torino, Italy. 

+ 12 
We have analyz.ed the energy distribution of n- inelastically backward scattered from C, obtained for pion 
incident energies from 60 up to 00 MeV, in the experiment( 1) performed at the LEALE Laboratory of Frascati. 
A typical Inelastic spectrum for 75 KeV 7C at 165° laboratory angle is shown in Figure. The form of the 
spectrum is roughly in accord with quasi-free scattering,modified by bound and virtual states at small ener-
gy loss. At low ener~y loss there are binding effects: the ground state and the individuals levelfs or 
group of levels of 1 C. At intermediate energies, the excitation of a structure between 20 HeV and 35 MeV 
can be positively identified in the excitation of the electric-dJpoJe giant resonance: the corresponding dif-
ferential cross section.shave been calculated. We discuss the possibility that the sa1e excitation energy may 
also correspond to the kinematics of elastic scattering of the71 meson by ano{ particle, in the three +parti-
cle model of 12c: the corresponding differential crass sections have been calculated. The high energy lass 
region of the spectrum Is broad peak , which resllbles the form expected for quasi elastic ]f/'I scattering. 
The spectra are compared with the similar ones observed by other authors with pians and with protons. 
References: (1) R. Barbini et al., Lett. Nuovo Ciaienta ll,. 359 (1975). 

fl 

"'Ji.~ 75:t 5 MeV 

gg(~) :: 465. 
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+ i. ( Jf. , He) I NE LAST IC SCATTERING. AT 110 KeV. I.D.4 

F. Balestra, L. Busso, R. Garfagnini, G. Piragino and A. Zanini. 
lstituto di Fisica dell'Universita, lstituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy. 

R. Barbini, C. Guaraldo and R. Scri•aglio. 
Laboratori Nazlonali di Frascati del CNEN, Frascati, Italy. 

We have measured the (Jr+, 4
He) interaction at 110 ! 11 MeV with a diffusion cloud chamber filled with he-

lium at 15 atm in a magnetic field, ref,(1), exposed to the pion beaai of the LEALE laboratory of Frascati. 
The value of the total inelastic (reaction and absorption) cross section Is 192t11 ab. We have analyzed 
all the inelastic interactions. In Figures are reported angular behaviours of the reactions:7l++ 4He--.l+-• 
+ p .. T and Tt! + 4He-. Jt++ n + 3He which represent, respectiwely, the 44% and the 17% of total inelastic 
events. A preliminary analysis of angular distributions gives some Indication on a single scattering mecha-
nism. References: (1) L. Busso et al.1 !J.:.!!.., ~· 1 (1972). 

0 50' 

T 

, i • • 
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•• t l. I • • r . . ! I f f i 
0 so• 

100' 

E: TC • 110 t1eV 

l 

t • . f l 
i1m!f1'uf i h 

100" 150' ~(~)h. 

Differential cross section for the reaction 
n.. +.,. 4He -9 It++ p • T 

versus~ , pion scattered angle, at 110 
MeV pion energy. In the Figure are also plot-
ted, for comparison (TC ,p) elastic diffe-
rential cross~sectlons in the sue energy 
region (data are from CERN Report CERN-HERA 
6 9-1, 196 9). 

Differential cross sections for the reactions 
(1 l n+... 4He ~ JCr p .. T 

... 4 + 3 (2) l .. He --.1Z + n • He 
versus 8it , pion scattered angle, at 110 
MeV pion energy. In the Figure is also plot-
ted, for comparison with (2), the differen-
ce between the elastic differential cross 
sections of '/{,+-on 4He and lHe at 100 l!eV 
(Dubna-Torlno col laboratdon). 



(n; 4
He) INELASTIE SCATTERING AT 160 MeV. 

I.D. 5 

F. Balestra, L. Busso, R. Garfagnini, G. Piragino and A. Zanini. 
lstituto di Fisica dell 'Unlversita, lstituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy, 

R. Barbini, C. Guaraldo and R. Scriaaglio 
Laboratori Nazionali di Frascati del CNEN, Frascati, Italy. 

+4 
We have measured the(]"[, He) interacion at 160±'18 MeV with a diffusion cloud chamber filled with helium 
at 15 at• in a ugnetic field(1), exposed to the pion beam of the LEALE Laboratory of Frascati. The value 
of the total inelastic (reaction and absorption) cross section is 232± 11 •b • We have analyzed<all the Ine-
lastic interactions. In Figures are ~eported angular behaviours of the reactions:}(.,.+4He ~ rt++ 
+ p + T and n.++4He--. 1t++ n + He which represent, respectively, the 44% and the 18% of total inela-
stic events. A preliminary analysis of angular distributions gives so•e indication on a single scattering 
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mechanism. References: (1) L. Busso et 
al.,~ , ~ 1 (1972). 

Differential cross section for the reaction 
n+_.. 4He -op It+• p • T 
versus fJi. , pion scattered angle, at 160 
MeV pion energy. In the Figure are also. 
plotted, for comparison, (TC ,p) elastic 
differential cross sections in the sa11e ener-

gy region (data are fro• Giacomelli et al., 
CERN-HERA 69-1, 1969). 

Differential cross sections for the reac-
t ions • + .. + (1)1l. + He~n•P+ T 

(2) f[\ 4He-. Jt\. n + 3He 
versus ~ , pion scattered angle, at 160 
MeV pion energy. 
In the Figure Is also plotted, for compari-
son with (2), the difference between the 
elastic differential cross section on 4He 
and 3He at 154 MeV (Dubna-Torino col labora-
tfon). 
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I.D.6 
± Measurements of TI Nucleus Total Cross Sections at Energies Below 200 MeV. 

G. BURLESON, and K. JOHNSON, New Mexico State Univ./LASL 
J. CALARCO, Stanford Univ. 
M. COOPER, D. HAGERMAN, H. MEYER, and R. REDWINE, LASL 
I. HALPERN, L. KNUTSON, and R. MARRS, Univ. of Washington 
M. JAKOBSON and R. JEPPESEN, Univ. of Montana 

+ Measurements have been made of total cross sections for TI- on various nuclei, 
using the Low Energy Pion Channel of LAMPP. Pions were selected with either 
a DISC or a time-of-flight system, and standard transmission techniques were 
used, with both scintillation counters and wire proportional counters. The 
statistical precision was generally~ 2-3%. The data include measurements 
on 4He between 26 and 105 MeV, on the isotope sets ( 12c, 13C), ( 160, 180), 
and (40ca, 44ca, 48ca, with natural Ti) between 85 and 200 MeV, and on 18 
nuclei with 4 < A < 208 at 85 MeV. Preliminary results indicate that the 
additional scattering per extra neutron is much less in the Ca isotopes 
than in the C or 0 isotopes than would be expected on the basis of an A2/3 
dependence, and that the A dependence at 85 MeV, on the low energy side of 
the resonance, is generally characterized by a~ Ao.a with o(TI-)/o(TI+) ~ 1.4 
for all A. 



I.D. 7 

The (n+,n°) reaction for light nuclei in the (3,3) resonance region 
Y. Shamai, J. Alster, E. D. Arthur, D. Ashery, S. Cochavi, D. M. Drake, 
M. A. Moinester, and A. I. Yavin 
Tel Aviv University and LASL 
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We studied the reaction 
(n+,n°) on 7Li, 10s, and 13c 
from En+ = 70 to 250 MeV, at 
the LEP-channel of LAMPF. The 
cross sections were obtained 
by measuring the radioactive 
decay of the product nuclei 
following the (n+,no) reaction. 
The cross sections are thus 
integrated over all angles and 
include the contributions of 
all particle bound states of 
the product nuclei. Thus for 
the reaction on 13c we measured 
the cross section to the iso-
baric analog state only, for 
lOs the cross section to two 
states which are not IAS, and 
for 7Li the cross section to 
one IAS and one excited IAS. 
The figure shows that there 
is a slight, broad maximum 
centered around 150 MeV. The 
errors in the figure are sta-
tistical only. At the present 
stage of data analysis there 
is still a 20% uncertainty in 
the absolute values of the 
cross sections. Our prelimin-
ary estimates for nucleon 
charge exchange by secondary 
protons in the target could 
lower the (n+,no) cross sec-
tion by 10 to 20%. The IAS 
transitions are much stronger 
than other transitions. The 
larger cross section in 7Li 
compared to 13c is consistent 
with a smaller absorption in 
the lighter nucleus. The re-
sults for IAS transitions do 
not agree with published cal-
culations which include 
absorption. 
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THE (~,d) REACTION 

Robert A. Eisenstein and Gerald A. Miller 
Carnegie-Mellon University, Pittsburgh, Pa. 15213 

ABSTRACT 

I.D. 8 

We study the reaction in which the annihilation of a pion in a collision 
with a nucleus results in a final state consisting of a deuteron and a resi-
dual nucleus. The present availability of good pion beams as well as a high 
resolution detector to measure the energy of the final deuteron, hence the 
fin~l nuc~ear state, presents the opportunity for performing an accurate ex-
periment. 

There are several features of this reaction which make it unique. The 
dominant characteristic is the high momentum transfer inherent in converting 
the sum of the mass and kinetic energy of the pion into the kinetic energy of 
the emitted high energy deuteron. Furthermore, this process presents a differ-
ent kinematic situation than the more typical (~,NN) reaction in which the ab-
sorption of a low energy meson results in the emission of two nucleons with 
approximately equal and opposite momenta. In that reaction, the high momentum 
components of the relative wave function of the pair are stressed. In the 
present case, it is the high momentum components of the center-of-mass wave 
function of the pair which are important. 

We assume that the pion interacts with two of the target nucleons by 
being absorbed on either one. Thus our interaction Hamiltonian, H, is 

H ~ t i ~ i~·~l ql ·~1 !1 ·t + e ii>·~2 q2-~2 !2.J (l) 

where the subscripts refer to the nucleon on which the pion is absorbed. The 
transition rate is just the matrix element of H between the initial T=l bound 
pair and the final outgoing deuteron plus two-hole state. From (1) we note 
that the initial state may have S=l or S=O. In the present calculations plane 
waves are used to describe the motion of the incident pion and outgoing deu-
teron. 

We have examined the reaction at incident pion energies of 50 and lOOMeV. 
For these energies the spin flip term of (1) is dominant. We find consider-
able sensitivity to both the radial and angular momentum parts of the initial 
di-nucleon wavefunction. Configuration mixing gives a large collective en-
hancement to the cross section. The kinematics of the reaction are such that 
there is little sensitivity to the short range behavior of the di-nucleon 
wavefunction. 

The magnitude is about tens of microbarns and should be observable under 
experimental conditions at LAMPP. However, a full distorted wave calcula-
tion is needed and is presently being carried out by us and by Benz and 
Kerman at MIT. 

REFERENCES 

1. R. A. Eisenstein and G. A. Miller, to be published May 1975, Physical 
Review C. 

2. P. D. Barnes et al., LAMPP Proposal 140 (1973). 



FORWARD ELASTIC SCATTERING AMPLITUDES FOR TI+ FROM 12c AND 40ca* 

M. Warneke, L. Y. Lee, B. W. Mayes, 
E. V. Hungerford, and J. C. Allred 

University of Houston, Houston, Tx. 77004 

N. Gabitzsch, J. Hudomalj-Gabitzsch, D. Mann, T. Witten, 
T. Williams, G. S. Mutchler, and G. C. Phillips 

Rice University, Houston, Tx. 77001 

ABSTRACT 

I.D.9 

Elastic differential cross sections in the angular region from 
5° to 22° were measured at five energiesA [90-210 MeV], spanning the 
pion nucleon (3,3) resonance for TI+ on lLc and 40ca. Total cross 
sections were also measured for these targets at the same energies. 
The data were taken on the P3 channel of the Los Alamos Meson 
Physics Facility. Pion trajectories and momenta were calculated 
from a system of multi-wire proportional counters, multistrip scin-
tillators and counters and magnets. The nuclear (fs) and Coulomb 
(fc) amplitudes interfere at small angles. The magnitude of the 
interference is proportional to the ratio of the real (Re fs(0°)) 
and imaginary (Im fs(0°)) parts of the forward elastic TI-nucleus 
scattering amplitude. Im fs(0°) can be obtained from the total 
cross section via the optical theorem. Re fs(0°) derived from the 
data will be compared with the results of optical model calcula-
tions and, in the case of 12c, with dispersion relation calculations. 

* Supported by U.S. E.R.D.A. 
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Abstract 
VI International Conference on IIigh Energy Physics and Nuclear Structure 

June8-14, 1975 
I.D.10 

Alpha and Multinucleon Re1noval from 58 Ni and 60Ni by Fast Pions, * 
H. E. JACKSON, D. G. KOVAR, l.. MEYER-SCH"UTZMEISTER, J. P. 
SCHIFFER, S. VIG DOR, T. P. WANGLER, Argonne National Lab., R. E. 
SEGEL, ~NL and ~orthwestern, R. L. BUR1v1AN, P. A. M. GRAM, D. M. 
DRAKE, LASL, R. B. CLARK, Texas A & M, B. C. COOK, Iowa Stat~, and 
V. G. LIND, E. N. HATCH, 0. H. OTTESON, R. E. MCADAMS, Utah State. 
-As has bGen shown in earlier experiments, the interaction of fast pions with 
corriplex nuclei shows unexpectedly large multi-nucleon removal cross 
sections with indications of a favoring of the removal of one or more a 
particles. In an effort to obtain information on the nature of the reaction 
mechanism responsible for these effects we have c).erformed an extensive 
series of rneasure1-rients for targets oi 58 Ni and 6 Ni in which the retnoval 
cross sections were studied as a function of projectile type, charge, and 
energy. Measurements at LAMPF were made using beams of 200-MeV 
protons, 100 and 220-MeV TT+ 1 s and 220-MeV TT-, s and at ZGS using 370-MeV 
TT- beams. A comparison of 220-MeV TT+ and TT- on 58 Ni. shows striking 
similarities in the distribution of isotopes produced. Both the average 
nurriber of nucleons removed and the average ratio of neutron removal to 
proton removal is independent of pion charge. There is no significant 
difference between data for 100-MeV TT+ and 220-MeV TT+. In contrast, there 
is a clear energy dependence in the results for 100 1 and 200-MeV protons. 
Protons seem less effective than pions of the same energy for removing 
nucleons. Vfhile nuclei which could result from a removal are seen with 
relatively large c:i.·oss sections, '{-rays from neighboring nuclei are also 
observed with substantial strength. Results for even nuclides are shown i.n 
the table below. 

Production cross sections {mb) from 58Ni Target 

~Nucleus 
56Fe 54Fe 52Cr 50Cr 48Ti 46Ti. 42Ca 2: O" ~ed Proje id en. 

..... 

TT+ ( 100-MeV) 25 34 20 44 7 23 6 301 

TT+ (220-MeV) 38 47 20 40 6 34 10 365 

n- (220-McV) 28 43 39 46 16 33 13 326 

P (220-MeV) 29 44 15 26 4 9 <2 232 

P (1 OO-MeV) 1 84 1 9 12 6 4 o. 5 146 

The lack of an energy dependence shown by the distribution of residual 
nuclides for pions i.n contrasi: to the obvious sensitivity to proton energy 
suggests that the pion rest mass contributes to these processes and that the 
pions are absorbed. However, the lack of dependence on the charge of the 
pions suggests that the pion is not absorlJed . 
.... 
... Supported by the USAEC and NS.F. 

1 
C. C. Chang, N. S. Wa.ll, and Z. Fraenkel, PRL 33, 1493 (1974). 



Abstract 
VI International Conference on High Energy Physics and Nuclear Structure 

June 8-14, 1975 

I.D.11 

Systematics of Fast Pion Induced Processes in Complex Nu..:.·.lei, 
R. E. SEGEL, N_2rthw~ste:rn and Argonne National Laboratory, H. E. 
JACKSON, D. G. KOVAR, L. MEYER-SCHUTZMEISTER, S. VIGDOR, 
and T. P. WANGLER, Argonne National LaboratoJ:Y, J. P. SCHIFFER, 
University of Chicago and Argonne National Laboratory, V. G. LIND, 
E. N. HATCH, O. H. OTTESON, and R. E. MC ADAMS, Utah State, 

'•' 

R. L. BURMAN, P. A. M. GRAM, and D. M. DR-A.KE, Los Alamos 
Scie1~ific Labi::ratory and B. C. COOK, Iowa State-Ge(Li) detectors have 
been used to measure prompt gan1ma rays produced by bon1harding various 
targets with 100- MeV rr +, 220 Me V ir±, 380 Me V rr - , and 200 Me V protons. 
Special care was taken to determine absolute cross sections which, in 
several cases, disagree with published values. The absolute incident flux 
was 1neasured by integrating the current in a phototube which viewed a 
plastic scintillator through which the beam passed. The integrated current 
was calibrated at low beam intensity against the number of bearr1 particles 
counted in a coincidence telescope which included a second phototube 
viewing the sarn.e scintillator. Dead time was measured by triggering a 
pulser with the scattered beam and comparing the nuxnber of triggers with 
the pulser peak in the spectru1n. Gamma-ray energy resolution was about 
3 keV. Good quality spectra were obtained in 3-6 hours. Garn.ma-ray lines 
have been identified corresponding to total cross sections between 200 and 
600 mb, depending on the projecti.le and target nucleus. The cross section for 
producing nuclei differing from the target by one or more alpha particles with 
220-MeV TT- is ~80 mb for 40ca and,..., 130 mb for the Ni isotopes. The com-
bined cross section for t, a, or t +a removal from 27 Al (with 100-MeV TT+) is 
-65 mb, fort and t +a removal with 220-MeV TT- from 5f V -105 rnb. Alpha 
removal from 4 0 Ar (with 3 80 Me V TT-) is ....... 12 inb while with 220-Me V :r - no 
evidence was found for either t removal from 9 3 Nb or a removal from 138Ba, 
though for these latter two cases the limits are rather poor. For targets 
up to and including Ni, other even reaction products are seen with cross 
sections usually "" 1 /2 those in the a or (t+a) removal chain. Identificction 
of transitions in odd or odd-odd nuclei is more difficult but where 
identification of transitions in odd nuclei has been made, these cross 
sections are comparable to those for adjacent even nuclei. For Al and V 
the centroid of product nuclei corresponds roughly i:o the removal of equal 
numbers of neutrons and protons. For S, Ca, and 58 Nj, proton re1noval is 
slightly favored while for 60 Ni neutron re1noval is somewhat stronger. 
Neutron removal dominates the Ar products while for 93Nb the most 
prom.inent lines, after inelastic scattering, correspond to 88zr (p + 4n 
removal) with a cross section of ::::: 100 nib and to 84sr (p + a + 4n removal) 
with::::: 60 inb. From 138Ba, 128xe (2p +Sn) and 126xe(2p + 10n) are seen 
with ,.._,35 and ....,31 1nb respectively. 

~~ 

Supported by the USAEC and NSF. 
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CHARGED PION SCATTERING ON 4He NUCLEI IN THE 

ENERGY RANGE FROM 68 TO 208 MeV 

I.D.12 

L.Alexandrov, T,Angelescu, I.V.Falomkin, M.M.Kulyukin, 
V.I.Lyashenko, R.Mach, A.Mihul, Nguyen Minh Kao, F.Nichitiu, 
G.B.Pontecorvo, V.K.Saricheva, M.Semergieva, Yu.A.Shcherba-
kov, N.I.Trosheva, T.M.Troshev 

Joint Institute for Nuclear Research - Dubna 
F.Balestra, L.Busso, R.Garfagnini, G.Piragino 

Istituto di Fisica dell' Universita di Torino 
Istituto Nazionale di Fisica Nucleare - Sezione 
di Torino 

New data on differential cross sections for elastic 
scattering of charged pions on th'"' 4He nucleus are presented. 
Data have been obtained using a high pressure streamer 
chamber exposed at the JINR syncrocyclotron. 

Measurements have been performed at 98, 135, 145 and 
156 MeV for both negative and positive pions and at 120, 
174 and 208 MeV for negative pions. 

An energy independent phase shift analysis has been 
performed for each energy and the total elastic cross section 
dependence on energy is given. 

Total and differential elastic cross sections are com-
pared with optical model computations using Kisslinger and 
Laplace potentials. 

The results of an energy dependent phase shift analysis 
are also given. 



I.D .13 
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JC - ELASTIC SCATTERINC ON 3He NUCLEI IN THE 

ENERGY RAUGE FROM 68 TO 208 MeV 

T.Angelescu, I.V.Falomkin, M.M.Kulyukin, V.I.Lyashenko, 
R.Mach, A.Mihul,Nguyen Minh Kao, F.Nichitiu, G.B.Ponte-
corvo, V.K.Saricheva, M.Semergieva, Yu.A.Shcherbakov, 
N.I.Trosheva, T.M.Troshev 

Joint Institute for Nuclear Research - Dubna 
F.Balestra, L.Busso, R.Garfagnini, G.Piragino 

Istituto di Fisica dell' Universita di Torino 
Istituto Nazionale di Fisica Nucleare - Sezione 
di Torino 

Differential cross sections for the elastic scattering 
of both charged pions on 3He nuclei are given for 68, 98, 
120, 135, 145 and 156 MeV. In addition)[- 3He elastic 
scattering differential cross sections are given for 198 
and 208 MeV. All the experimental data have been obtained 
using a high pressure streamer chamber exposed at the 
JINR ayncrocyclotron. 

The differential cross sections are compared with the 
results of an optical model calculation using Kisslinger 
and Laplace potentials, taking into account the nucleus 
spin and isospin. Total elastic cross sections and their 
dependence on energy are discussed. 

A phase shift analysis has been performed with the 
phase shift values, for high partial waves, fixed by the 
optical model. 

The JrJiie3H coupling constant estimated according to 
the Chew-Low theory forJ7Jiie scattering is also presented. 
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I.D.14 
PRODUCTION OF 24Na FROM THE IRRADIATION OF PHOSPHORUS, SULFUR AND 

CALCIUM BY 70 - MeV ~± 

N. Yanaki, D. Ashery, S. Cochavi and A.I. Yavin 
Department of Physics and Astronomy, Tel-Aviv University, 
Tel-Aviv, Israel; and Centre d'Etude Nucleaire de Saclay. 

The secondary ~+ and ~- beams from the electron linear ac-
celerator at Saclay were used to irradiate natural targets of 
Phosphorus, Sulfur and Calcium at E =70 MeV. The activated tar-

~ 

gets were investigated after the irradiation with the help of a 
shielded Ge(Li) detector. 2754 keV and 1368 keV gamma rays from 
the produced 24Na nuclei were measured. The cross sections for 
the production of 24Na are shown in the table, where only the sta-
tistical errors are included. 

It is interesting to note that the cross sections for ~- are 
larger than the respective cross sections for ~+ by about a 
factor of six. This is probably caused by pion absorption, which 
in the case of ~- interaction with these target nuclei is likely 
to cause predominantly the emission of several alpha particles. 

(Absorption of ~+ in these target nuclei can produce 24Na only if 
several protons are emitted as well). 

TABLE: cross section for production of Na24 

with E =70 MeV. 
~ 

Target Pion Beam Cross Section (m.b.) 

Ca ~- 3.4 ± 1.1 
Ca ~+ < 0.6 
s ~- 15.2 ± 0.6 

s ~+ 2.4 ± 0.3 
p ~- 37.5 ± 1.2 
p ~+ 6.8 ± 1:1 



I. D .15 

THE REACTION 16 o(rr +, p) 15o AT 70 MeV 

D. Bachelier, J. L. Bayard, T. Hennino, J.C. Jourdain, P. Radvanyi and 
M. Roy-Stephan 

Jnstitut de Physique Nucleaire, B. P. n °1. 91406, Or say, (France) 

We give here the first results of an experiment presently being perfor-
med on the 16o(rr+, p) 150 reaction with a 70 MeV pion beam of the Saclay 
linear electron accelerator. The simplest mechanism for such a reaction 
would be a neutron pick-up leading mainly to the two hole states of 150 : the 
6. 18 MeV state (p3/2)-1 and the ground state (pl /2)-l ; these states should 
then be excited with a ratio of about 2 as in ordinary medium energy (p, d) 
and (3He, ex) reactions. 

The energy of the outcoming protons (maximum energy 185 MeV) is 
measured with a range telescope consisting of a variable carbon absorber 
and of 13 plastic scintillators. This allows the coverage of 16 MeV excita-
tion energy of the residual nucleus per measurement ; the total energy re-
solution achieved in practice is 3. 2 MeV. A fl E/ 6.x discrimination on the 
first three scintillators and a lead shielding allow a good rejection of para-
site particles. The flux of incident pions is measured with a monitor teles-
cope, at 90° to the beam, previously calibrated at low intensity with in-beam 
detectors. The l6o target is a cell filled with water. The energy calibration 
of the range telescope has been checked with the incident pions and with the 
ground state protons of the 12 c(rr +, p) 11 C reaction at 70 MeV. 

The first results have been obtained at proton angles of 25°, 35°, 45°, 
55° and 105°. The cross-section corresponding to the 6.18 level, which at 
25° is of the order of 40)"b/sr, decreases by a factor of only about 4. 5 from 
25 ° to 55 °. It is remarkable that the ratio of the cross-sections correspond-
ing to the 6. 18 MeV and to the ground state is larger than 10 at all angles.A 
peak is also observed at about 11. 5 MeV excitation energy, which might be 
the first T = 3/2 state of l 5o. 

One might possibly consider a different behaviour for the wave func-
tions of 3/2 - and 1 /2 - neutrons in l 60 at very high momenta (around 3fm -l ). 
However these results all seem in disagreement with a simple neutron pick-
up model ; a mechanism involving at least two nucleons of the target nucleus 
would seem more appropriate. 
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I.D.16 
CHARGED PARTICLE EMISSION FROM NUCLEI BOMBARDED WITH 235 MEV PIONS AND 
800 MEV PROTONS.t J. F. Amann, P.D. Barnes, M. Doss, S. A. Dytman, 
R. A. Eisenstein, J. A. Penkrot, and A. C. Thompson, CARNEGIE-MELLON 
UNIV., Pittsburgh, Pa. 15213. 

The mechanism by which energy and momentum are transferred to a 
nucleus in a high energy scattering event has been studied extensively 
for the case of incident protons.1 Particle emission spectra for outgoing 
p,d,t,3He,4He particles have been observed as well as Li through S ions 
in very energetic (5GeV) collisions.2 Although both the pre-compound model 
of Griffin and intra-nuclear cascade calculations give reasonable agree-
ment with the lower energy part of the emitted proton spectra, they under-
estimate the higher energy proton cross sections and all the complex 
particle cross sections.! An attempt to calculate the inflight pion in-
duced proton emission spectra in the intra-nuclear cascade model has been 
reported3, but no data was available for comparison. The observed singles 
gamma ray spectra induced by stopped and inflight pions and protons 
have been discussed in terms of the removal of one or more "a. clusters". 
iow energy (<25 MeV) alpha emission has been observed4 for 10 MeV ~ on Al. 

We have made a direct measurement· at LAMPF of the cross section at 
90° for p, d, t, 3He and 4He emission induced by 235 MeV positive pions and 
800 MeV protons from ~500 mg/cm2 targets of Mg, Ni, and Ag. The detec-
tor system was a four-element telescope consisting of two Si surface bar-
rier detectors (250µ and 500µ thick) followed by a ~ual crystal intrin-
sic Ge spectrometer (3 cm thick). With this system we had excellent 
particle identification and were able to measure proton (a. particle) 
spectra from 20(50) MeV up to 110(400) Mev with a resolution of 1-10 MeV 
aetermined by the target thickness. The beam energy spread was ±20 MeV. 
The solid angle (6.5 msr), detection efficiency and effects of energy 
loss in the target were determined from Monte Carlo calculations. The 
absolute cross-section should be determined to ±20%. 

For all targets with either pion or proton bombardment, the various 
particle emission spectra were characterized by an exponential fall-
off of the type d2cr/dndE = N0 exp(-bpft) , 
where Pn is the momentum per nucleon. For pions the slope parameter b in-
creases with outgoing particle mass A but is roughly independent of target 
mass AT. The parameter N0 decreases0 rapidly with Ao but increases 
slowly with AT; e.g. Ni gives b ~ A0 3/2 with a much larger value of b 
than suggested by the proton emission calculations of Harp ~ al.3 Their 
characterization of pion absorption is apparently not correct. Our results 
are similar to calculated spectra for 250 MeV proton bombardment of Ni. We 
are investigating whether a pick-up mechanism could explain the large 
number of complex particles detected. 
(1) J. M. Miller,Proc. of the Int. Conf. on Nucl. Phys.,Munich, North Holl-

and, p. 597 (1973); H. Feshbach, ibid. p. 631; K. Chen~ al. ,Phys. Rev. 
C4,2234(1971) ;C.K. Cline, Nucl. Phys. Al93, 417 (1972). 

(2) R:"' Korteling and C. Toren, Phys. Rev. C7, 1611 (1973). 
(3) G. D. Harp ~ al.Phys. Rev. C8, 581 (1973). 
(4) A. Daron et al. Phys. Rev. Letters 34B, 485 (1975) and reference cited. 

t Work supported through ERDA contract AT(ll-1)-3244. 



I.D.17 
ELASTIC SCATTERING OF 50 MeV n+ FROM 12ct-- J. F. Amann, P. D. Barnes, 
M. Doss, S. A. Dytman, R. A. Eisenstein, J. Penkrot, A. C. Thompson, 
CARNEGIE-MELLON UNIV., Pittsburgh, Pa. 15213. 
A beam from the LEP channel at LAMPF was used for this experiment. The C-MTJ 
intrinsic Ge spectrometerldetected the scattered n's. The results are shown 
below with the predicted angular distributions from the Kisslinger2 (K) 
potential and the separable Londergan, McVoy, Moniz3 (LMM) potential. These 
potentials are constructed from the free n-N phase shifts; the resulting 
minima are much deeper and further backward than the data. The local Lap-
lacian4(LL) model (not shown) yields similar results. When the complex 
parameters ho and h1 are varied in the K and LL models (holding the matter 
radius fixed at l.64F), good fits are obtained. However, K violates unitarity 
slightly, and LL, while satisfying unitarity, produces n's in some regions of 
the nucleus. The fits determine Re(bo) and Re(b1) with higher precision 
than Im(bo) and Im(b1). (See table). 

We have reexamined the 30.2 MeV n+-12c data5 and reach similar con-
clusions. Both K and LL (with the free n-N parameters) produce minima fur-
ther backward and much deeper than the data. Fairly good fits can be 
obtained if ho and b1 are varied; again the real parts are better deter-
mined than the imaginary. While our fit is better than ref.(5) both it and 
LL violate unitarity.slightly. 

These findings differ from analyses6 at higher energies where simple K 
and LL models give fairly good fits to the data with no unitarity problems. 
Failure of these models at 30 and 50 MeV is probably due to breakdown of the 
simplifying assumptions made in their derivation, namely low nucleon density, 
no nucleon binding and no nucleon Fermi motion. 

Energy Model 2 ho, bl x .~~~~~~~~~~~~~~~~~~~~-
50 MeV K 7. 24 -2.74±1% -1.04±13% 5.89±2% 2.99±10% 

LL 6.28 -6.51±5% -2.50!22% 8.51±5% 4.32±11% 
Free TI-N values -0.93 +0.55 7.72 1.01 

1. J. Amann, et al.., Nucl. 
Inst. Meth. (to be pub.) 

2. L. Kisslinger, Phys. Rev. 
98 (1955) 761. 

3.-:J. Londergan, K. McVoy, 
E. Moniz, Ann. Phys.86 
(1974) 147. 

4. e.g. H. Lee, H. McManus, 
Nucl. Phys. Al67 (1971)257. 

5. J. Marshall, M. Nordberg, 
R. Burman, Phys. Rev. Cl 
(1970) 1685. 

6. M. Sternheim, E. Auerbach 
Phys. Rev. Letters 25 
(1970) 1500. 

t Work supported by ERDA 
contract AT(ll-1) 3244. 
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RECOIL MOMENTA DISTRIBUTIONS AND y RAY YIELDS 
FROM PION REACTIONS WITH C, N, Na, S, AND Ca* 

C. E. Stronach and C. M. Dennis 
Virginia State College, Petersburg, Va. 23803 

W. J. Kessler and H. O. Funsten 
College of William and Mary, Williamsburg, Va. 23185 

B. J. Lieb and W. F. Lankford 
George Mason University, Fairfax, Va. 22030 

H. S, Plendl 
Florida State University, Tallahassee, Fla. 32306 

I.D.18 

The interaction of pions with a number of nuclei has been studied at the 
SREL1 synchrocyclotron through observation of the y ray spectra taken with a 
Ge(Li) detector in prompt coincidence with incident pions. Yields and cross 
sections for production of the excited states have been measured and will be 
presented. 

By measuring the Doppler broadening of de-excitation photopeaks of states 
of daughter nuclei produced in pion-nucleus interactions, the recoil momentum 
distributions of these nuclei can be determined2 • After making corrections for 
detector resolution and slowing down of the nuclei3, if any, the mean recoil 
momenta were extracted for states of daughter nuclei produced by ~- absor~tion 
on 14N, 32s, and 40ca, and those produced by the interaction of 190 MeV ~ with 
40ca. Broadened peaks in the ~- + 40Ca spectrum include the first excited 
states of 36Ar (336 MeV/c) and 28si (286 MeV/c). The first excited state of 
28si (87.5 mb) in the~++ 40ca spectrum displays a mean recoil momentum of 
400 MeV/c. 

The gross features of the y spectra from ~- absorption on 32s and 40ca 
have been interpreted as consisting of a sum of overlapping Comptou edges, for 
some of which the photopeaks were also observed. The theoretical Compton cross 
sections were used to unfold the observed spectra. After making corrections for 
prompt background these spectra were summed to obtain an average of about four 
y rays per stopped~-. 

* This work is supported by NASA grant NGR 47-014-006 and NSF grant NSF-GP-
42001. 

1. SREL is supported by NSF, NASA, and the Commonwealth of Virginia. 

2. W. J. Kessler, H. O. Funsten, B. A. MacDonald, and W. F. Lankford, Phys. 
Rev. C4, 1551 (1971). 

3. C. W. Lewis, submitted to Nuclear Instruments and Methods (1974). 
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I .D.19 
* PION-NUCLEUS TOTAL CROSS SECTIONS IN THE (3,3) RESONANCE REGION 

A. S. Carroll, I-H.Chiang, C. B. Dover, T. F. Kycia, 
K. K. Li, P. O. Mazur, D. N. Michael, P. M. Mockett,** 

D. C. Rahm and R. Rubinstein*** 
Brookhaven National Laboratory, Upton, New York 11973 

Pb 

~A ............................ -.._.. ...- ........... • • ..._Fe __.. .. __.._. . ._.. __ .-. ........... ~~..._.._.._ _ _.,_ 
..,,.-- • • • • • Al 

Using the intense pion beam of the 
Brookhaven AGS, we have performed trans-
mission measurements of total cross 
sections for natural targets of Li, C, 
Al, Fe, Sn and Pb between 160-440 MeV/c 
lab momentum. Most of the targets were 
6" X 6" and '"" 5gr/cm2 thick. A fixed 
four-momentum transfer from 7 X lo-4 to 
5 X lo-3 GeV/c2 was covered at each 
momentum. Considerable care was taken 
to determine various experimental cor-
rect ions, such as multiple scattering 
in the target, finite spot size and pion 

01-+~~-+-~~-+-~~+-~~+-~~t--~--t'"-t decay. 
The Coulomb and Coulomb-nuclear 

interference contributions, obtained from 
c an optical model calculation, were sub-

tracted from the data. The resulting 
L1 "nuclear" cross sections are shown in 

z the figure. The solid curves are drawn 
0 H to guide the eye. For Li and C, there 

Ot-+~......,..~~~-r~~-t-~~-r--~~r-~--;H 

~ is good agreement with previous measure-
v ments.l A Laplacian optical potential m ~ linear in the nuclear density was used, 
~ but with a modified resonance form for 
£ , the rtN (3,3) channel. A mass dependent 
u 'Pb increase of both the elementary reson-
J 4 ance energy and width was used. 2 This 
~ improves the agreement with the data, as 
~ compared to a Fermi-averaged free space 

Sn amplitude, which leads to a peak position 
2 which is too low in energy. ---....._ ____ Fe 

___..~ ...... •---<1•>----<1•~-··--. • .__--. ... ~~, REFERENCES 
* Work supported by Energy Research 

Of-+~~-+-~~+-~~+-~~+-~~t--~---t'"-t and Development Administration. 
1'(- ** Present Address: University of 

Washington, Seattle, Washington 98195 

0.4 

0.2 

c *** Present Address: National Accelera-
tor Laboratory, Batavia, Illinois 60510 

• Tt-11s elC.PI0£1MeNT Li 1. A. S. Clough et al., Nucl. Phys. B 76, 
0 WIL.1'.IN et ~1 15 (1974); c. Wilkin---;t al.' Nucl. Phys. 
I:!.. CL..OUEiH et o..1 B62, 61 (1973). - -

0 100 200 ~oo 2. C .B. Dover and R.H. Lemmer, Phys. 
LA.BO~ATOIZ'( ~INETIC. ENE~~'{ (MeV) Rev. c_z, 2312 (1973). 
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I.D.20 
TI-- 4He SCATTERING AROUND THE 3h, 3h RESONANCE 

F. Binon, P. Duteil, M. Gouanere, L. Hugon, J. Jansen, J.-P. Lagnaux, 
H. Palevsky, J.-P. Peigneux, M. Spighel and J.-P. Stroot 

IISN (Belgium) - IPN (Orsay) Collaboration 

TI-- 4He scattering has been measured at the CERN SC with the double 

achromatic spectrometer already used for n- 12 C scattering measurements. Re-
sults were obtained for (i) the elastic differential cross-section between 

10° and 180° at 110, 150, 180, 220 and 260 MeV; (ii) the scattering at very 
forward angles (between ~ 4° and 20°) at 110, 180 and 260 MeV; (iii) the 

total cross-section at eleven energies between 67 and 285 MeV. 

The total cross-section is maximum at about 160 MeV. The real part of 

the forward scattering amplitude goes through zero around 180 MeV. Twominima 

are observed in the angular distributions. The first one, which takes place 

at nearly constant angle 8 ~ 75°, is deepest at 220 MeV, It is probably cm 
connected to the zero of the non-sp:ip-flip n-N amplitude. The second one 

which appears for large momentum transfers, moves towards smaller angles as 
the pion energy increases, 

A parametrization of the nuclear scattering amplitude which, among other 
things, takes into account explicitly the position of its zeros, as they re-
veal themselves by the dips in the angular distributions, has been used to 
fit the differential cross-sections. The resulting fits are good in the com-
plete angular range at all energies. Starting from the fitted amplitude, it 

is easy to recbnstruct the phase shifts. The usual ambiguities linked to 
this type of analysis are easily removed for the available low-energy data 
(around 60 MeV). Going up in energy, a continuity argument allows these-

lection of a set of phase shifts which show a reasonably smooth behaviour in 
the complex plane. 



I. D. 21 
ACTIVATION STUDIES OF PION-INDUCED REACTIONS ON C, N, 0, F, Al, AND Cu 

G. W. Butler, B. J. Dropesky, A. E. Norris, C. J. Orth, R. A. Williams 
Los Alamos Scientific Laboratory, University of California 

Los Alamos, New Mexico 87544 

G. Friedlander, G. D. Harp, J. Hudis 
Brookhaven National Laboratory, Upton, New York 11973 

N. P. Jacob, Jr., S. S. Markowitz 
Lawrence Berkeley Laboratory, University of California 

Berkeley, California 94720 

S. Kaufman 
Argonne National Laboratory, Argonne, Illinois 60439 

M. A. Yates 
Carnegie-Mellon University, Pittsburg, Pennsylvania 15213 

To establish useful techniques for monitoring pion beam intensities at 
LAMPF, the excitation functions for the 12c(w±,wN )11 c reactions have been 
measured over the energy range of about 50 to 500 MeV. The excitation 
functions, clearly reflecting the (3,3) pion-nucleon resonance, show an up-
ward energy shift in the resonance peak for w- and a downward shift for w+. 
The crw_/cr-u+ ratio at.180 Mev

1
!s li~5 ± O.l~g Cross sections for the neu-

tron knock-out reactions on N, 0, and F have been measured over the 
same energy range. The cr /cr_._ ratio for all three target nuclei is 1.7 ± 

~ "' ~ 0.2 at 180 MeV. A number of cross sections for the more complex w~ re-
actions on N, 0, and F yielding 11 c and 13N have also been measured. Some 
cross sections for the 27Al(w±, spallation) 18F reactions have been measured 
and preliminary indications are that the crw_/cr-u+ ratio at 190 MeV is about 

~ 

0.9. The yields of about 25 gamma-emitting products from w~-induced spal-
lation of copper at 190 MeV have been measured and compared with those 
from 349-MeV proton-induced spallation and with yields calculated with the 
Vegas intranuclear cascade plus evaporation codes. Interpretation of these 
preliminary results in terms of present models will be discussed. 
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THE ELASTIC SCATTERING OF POSITIVE PIONS 

* BY CARBON AT 147 MeV 

** * * C. A. Bordner, P. A. M. Gram, W. V. Hassenzahl, 

I.D. 22 

H. H. Howard,* T. R. King,t A. T. Oyer,t G. A. Rebka,t F. T. Shivelytt 

We will present recent measurements of the differential cross section 
for TI+ - 12c elastic scattering at ten angles in the range 35° to 85° at 
an incident pion energy of 147 MeV (250 MeV/c). These data have been 
obtained in a "good geometry" experiment, using a double focussing spec-
trometer. Values of the cross section have been determined by measuring 
the ratio of the carbon scattering peak to the hydrogen scattering peak 
from the same CH target at each angle, and using the best available TI-p 

1 scattering data. We believe the carbon cross sections have been determined 
to an accuracy of 10% at most angles. They should complement the larger 

12 supply of TI- C data already available. 

1 P. J. Bussey, J. R. Carter, D. R. Dance, D. V. Bugg, A. A. Carter, and 
A. M. Smith, Rutherford Lab. Preprint No. 107. 

* Supported in part by AEC Contract AT(ll-1)-2197 and W-7405-ENG-36. 

** Colorado College, Colorado Springs, Colorado 80903. 

* University of California, Los Alamos Scientific Laboratory, Los Alamos, 
New Mexico 87544. 

t University of Wyoming, Laramie, Wyoming 82071 . 
tt University of California, Lawrence Berkeley Laboratory, Berkeley, 

California 94720 . 



I.D. 23 
SINGLE PROTON EMISSION FROM rr- ABSORPTION AT REST IN LIGHT NUCLEI 

B. Coupat, P.Y. Bertin, D.B. Isabelle, G. Kawadry and P. Vernin, 
Laboratoire de Physique Corpusculaire, Universite de Clermont, BP 45, 
63170 AUBIERE, France 

and 

A. Gerard, J. Miller, J. Morgenstern, J. Picard and B. Saghai 
DPhN/HE, Centre d'Etudes Nucleaires de Saclay, BP 2, 91190 GIF/YVETTE, France 

Absorption of negative pion at rest by nuclei occuring only if at least 
two nucleons are involved in the capture process, is a sensitive probe to 
study nucleon correlation in nuclear matter1 • Using the pion beam facility 
of the Saclay linac2 we have undertaken a preliminary study of the (rr-, p) 
reaction in various light nuclei. 

Two different technics were used : either a measurement of the radioac-
tivity of the residual nucleus, or a di.rect detection of the emitted proton 
with a Na! (Tl) crystal. Due to the poor resolution of this type of spectro-
meter it can only be used if the residual nucleus has a large gap and large 
value of the nucleon separation energy (few MeV at leastJ. A~ong light nuclei 
the only possible case is 13 B produced in the reaction 1 N(rr , p) 13 B. We per-
formed this experiment and the data are presently analysed. The results will 
be presented at the Conference. 

The activation method provides a measurement of the total probability of 
absorption with proton emission, as it is not possible to determine the final 
state of the residual nucleus. The following target nuclei have been irradia-
ted : 9 Be, 12 C, 16 0, 27 Al. All residual nuclei ares-emitters. The radioacti-
vity is measured between beam pulses using a plastic scintillator telescope. 
The analysis of the raw data is performed to include all the corrections to 
the detection of s radioactivity. 

The 12C result has already been published 3 • We found a probability of 
(4.5 ± 0.8) x 10- 4 for single proton emission per ~ion absorbed at rest in 12 C. 
We will present the corresponding result for 16 0, 7Al and eventually 9 Be. 

This experiment will provide the first set of data for proton emission 
from rr- absorption at rest for nuclei with A ranging from 9 to 27. We must 
remind that this reaction is the inverse of rr- production by proton which has 
already been observed 4 • To compare the two reactions it is necessary to perform 
measurements of the rr- absorption probability in flight and we have done a 
preliminary experiment of this type. We wish to emphasize the need for more 
theoretical calculations of the process (rr-, p). 
1. K. Chung, M. Danos and M.G. Huber, Phys. Lett. 29B, 265 (1969) and Z Phys. 

240, 195 (1970) -
2. T>:'Y. Bertin et al., Inter. Report C.E.A., DPhN/HE/71/3 
3. B. Coupat et al., Phys. Lett. 55B, 286 (1975) 
4. S. Dahlgren, P. Grafstrom, B. HOfstad and A. Asberg, Nucl.Phys. A204, 53, 

(1973) and Phys. Lett. 47, 439 (1973) 
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I. D. 24 
THE ls AND lp SHELLS OF LIGHT NUCLEI STUDIED IN (p,d) AT 185 MeV. 

B. Fagerstrom, J. Kallne, 0. Sundberg and G. Tibell 
The Gustaf Werner Institute, Univ. of Uppsala, Uppsala, Sweden 

12 14 16 1 . Recent (p,d) measurements on C, N and 0 have established the 
location of the ls1/2, lp3/2 and lPl/2 neutron sub-shells in the nuclei of the 
upper lp-shell mass region. This has now been complemented with the correspon-
ding information for the light nuclei and experimental results will be presen-
ted for the target nuclei 6,7Li, 9Be, 10,llB and 13c. Spectra were recorded 
at e = 2.5° with an energy resolution of 0.6 ~eV (FWHM) or better and extended 
to sufficiently large separation energies (Es) to cover the ls pickup cross 
section, e.g., Es ~ 80 MeV for 13c. Beyond the sharp lp peaks in the low-energy 
region (Es ~ 25 MeV) a broad peak assigned to ls-neutron pickup appeared in 
all spectra. One example is presented in the figure which shows the spectrum 
for lOB(p,d)9B. This spectrum exhibits five prominent lp peaks above Es% 25 MeV 
and superimposed on a smooth cross section a broad ls peak at Es% 37 MeV. The 
spectroscopic strengths carried by these peaks were extracted by a DWBA ana-
lysis giving S(ls) = 2.0 and S(lp) = 3.0. The agreement with the shell model 
prediction verifies the ls assignment made. As in several other cases the low-
energy side of the ls peak shows some structure of unknown origin. A compari-
son between the present results on the ls neutron shell and the more frequent 
information on the ls proton shell shows, apart from some detailed differen-
ces, that the ls peaks in the neutron and proton removal spectra are located 
in the same Es range and that both increase in energy and width with A. 

1. J. Kallne and B. Fagerstrom, Proc. 5th Int.Conf.High Energy Phys.Nucl.Structure 
(Uppsala 1973) p. 369. 
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I.D. 25 

FISSION O:F HEAVY NUCLEI IN.DUCED BY STOPPED NEGATIVE PlONS 
Yu.A.Batusov, D.Chultem, Dz.Ganzorig and O.Otgonsuren 

Joint Institute for Nuclear Research,Dubna,USSH 

Using a mica detector technique relative fission probabilities 
of I5 heavy nuclei from Ag to U in negative pion capture have been 
determined. 

It is shown that for nuclei with (Z-i )2 I k"'30 , ...... 25 and- 20 the 
fission probabilities are,..., I03 ,--Io5 and~ I06 times lower than 
~or thorium and uranium isotopes. 

The results are compared with statistical model cal~ulations 
based on the r f/ r n dependence of the excitation energy and oi"' 
nuclear parameters ( fission barriers, neutron binding energies, 
nuclear density parameters and mass formula constants ). 

117 



118 



II 

STOPPING MUONS 

11 



120 



COULOMB CAPTURE AND X-RAY CASCADES OF MUONS IN METAL 
HALIDES. 

A. Brandao d'Oliveira, H. Daniel and T. von Egidy 
Physics Department, Technical University of Munich, 

Munich, Germany. 

Muonic X-ray yields have been measured for Al,AlF3 , 
AlC13, AlI3, KCl, KBr, KI, Cd,CdF2' CdC12' CdBr2' CdI2' 
Sn, SnC1 2 , Sncl4 , Sb, SbF3 , SbF 5 , CbS1 3 and SbC1 5 • The 
yields were normalized with the total intensity of the 
Lyman series. The capture ratios between Coulomb capture 

II. 1 

in the anion and the cation were determined for all compounds 
listed. Chemical effects in the intensities were observed. 
All observed intensities were compared with cascade calculations 
assuming a modified statistical population of the levels 
with principal quantum number n = 20. Good fits were 
obtained for all solid sources but not for the liquids. The 
captureratios measured in the present experiment and all 
previous experimental values for ionic compounds were compared 
with the Fermi-Teller "Z-law" formula and with various 
modifications of this formula. It was found that a good 
representation of the experimental data can be obtained 
with one of the modifications but not the original "Z-law". 
The physical basis of this formula will be discussed. 

12 
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II.2 
RECENT EXPERIMENTAL RESULTS OF THE MESIC CHEMISTRY PROGRAM AT LAMPF* 

J. D. Knight, C. J. Orth, M. E. Schillaci, University of California, Los 
Alamos Scientific Laboratory, Los Alamos, NM; R. A. Naumann, Princeton Univer-
sity, Princeton, NJ; H. Daniel and K. Springer, Technical University of Munich, 
Munich, Germany; H. B. Knowles, Washington State University, Pullman, WA. 

During the initial phase of experiments at LAMPF aimed at studying the 
effects of chemical structure on the capture of negative muons in matter, we 
have examined the muonic x-ray spectra of several groups of low- to medium-Z 
target materials, including strongly ionic to purely covalent solids, aqueous 
solutions of simple ions, and two metal hydrides. The observations were made 
using a standard muon telescope arrangement with associated fast electronics, 
and the muonic x rays were detected with Ge(Li) detectors. The muon channel 
was operated at 130 ± 5 MeV/c with no measurable pion contamination and the 
spot size at the target was - 4 cm x 12 cm. 

Following are some results of our measurements: 

1. Chemical bonding and state of aggregation - no significant spectral 
differences were observed between water and ice, between graphite and diamond, 
nor between the graphite and diamond forms of BN. The higher members of the 
C Lyman series are markedly more intense in various organic compounds than in 
diamond and graphite. 

2. Z-law, solids -

a. The observation by Zinov et al. 1 of periodic variation of capture 
fraction in metal oxides is confirmed; capture fraction appears to correlate 
with electronegativity; 

b. in crystalline alkali halides, capture probability varies more 
nearly as zl/2 than as Z; 

c. in BN, N/B capture ratio is about 3 times Z-law; 
d. in N- and 0-containing organic compounds deviations from Z-law 

are small but appear to be real. 

3. Z-law, aqueous solutions of alkali halides - capture probabilities of 
cations (anions) relative to oxygen in the water do not vary with changes of 
the anion (cation). They exhibit a smooth, monotonic dependence on Z, with 
the anions capturing more strongly than the cations. 

4. Lyman intensity patterns, metal hydrides - relative intensities of 
higher members of the Lyman series of CaH2 (ionic hydrogen) and TiH2 (inter-
stitial hydrogen) are similar. 

5. Charge displacement effects - no significant spectral differences 
were observed for N and 0 in para-CH3C6H4N02 and para-ClC6H4N02, nor for N 
and C in neutral and basic forms of glycine in aqueous solution. 

* Work performed under the auspices of the U. S. Atomic Energy Commission. 
1v. G. Zinov, A. D. Konin, and A. I. Mukhin, Sov. J. Nucl. Phys. ~. 613 (1966). 



Asymmetry and Energy Spectrum of High Energy Neutrons II.3 
Emitted in Polarized Muon Capture 

K. Kume, N. Ohtsuka, H. Ohtsuho, and M. Morita 
Department of Physics, Osaka University, Toyonaka, Osaka 560, Japan 

The high energy neutrons emitted mainly by the direct process, 

j.l + (A,Z) + (A-1,Z-l) + n + V , 
j.l 

have an+angular distribution with respect to the muon polarization 
vector P. The transition rate per unit solid a~gle a~d unit energy 
is expressed by d2 W/dn dE = [N(E )/4n][l+a(E )P•k], k being the 
unit momentum of the efilitEed neut¥on. The asYrometry coefficient 
a(E ) is large and it has a strong energy dependence in muon capture 
by n 4 °Ca, 1 see, Fig.l. Among many theoretical attempt to explain 
this asymmetry, Bouyssy, Ngo, and Vinh Mau 2 noticed importance of 
the distortion of neutron waves due to the nuclear potential. Its 
effect is, however, not strong enough to produce a peak of the 
neutron asymmetry at the energy around 20 MeV. We show this can 
be explained by taking into account a realistic reaction mechanism 
with the effect of channel coupling. In Fig.l, the curve A shows 
the asymmetry a in the DWBA calculation with no small component of 
the muon wave function. The energy dependence is relatively good, 
but the magnitude of a is too small. If we add this small component, 
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asymmetry in curve C is large with 
a nice energy dependence, by taking 
into account the effect of the 
channel coupling in the final state. 
In all three cases, calculations 
involve the first order of the 
nucleon velocity terms in the 
effective Hamiltonian, the 
relativistic muon wave functions 
with charge distribution of the 
finite size nucleus, and the optical 
potential with no energy dependence. 
In curve C, we assume the Rosenfeld-
type residual interaction. The 
energy spectrum of the emitted high 
energy neutrons is also investigated. 

1. R. M. Sundelin and R. M. 
Edelstein, Phys. Rev. C 7, 1037 
(1973). -

2. A. Bouyssy, H. Ngo, and N. Vinh 
Mau, Phys. Letters 44B, 139 
(1973). 
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II.4 
MUONIC X-RAY SERIES IN METALLIC Al, Fe AND In. 

R. Bergmann, H. Daniel, T. von Egidy, F. J. Hartmann, H.-J. 
Pfeiffer, K. Springer 

Physik-Department, Technische Universitat Mlinchen, Munich, Germany 
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Muonic X-rays of metallic 
Al, Fe and In have been 
measured at the supercon-
ducting muon channel of SIN, 
Villigen, Switzerland. The 
channel was fed with pions 
of 150 MeV/c. Muons of 
85 MeV/c were focussed on 
the target of jYPically 
50 x 70 x 1 mm • X-ray 
spectra were simultaneously 
taken with a 0.5 cm3 high-
resolution intrinsic Ge 
detector (0.25 keV fwhm at 
6 keV) and a 42 cm3 Ge(Li) 
detector (2.2 keV fwhm at 
1.3 MeV) and recorded with 
a computer on-line and a 
multichannel analyzer. A 
typical telescope rate (123) 
at 10 uA proton current was 
1.5·105/s. The distribution 
of the muon stops in the 
target was measured with 
the help of the induced 
radioactivity. Parts of the 
iron spectra are shown in 
fig. 1. Lines from levels 
with principal quantum 
number n up to n = 14 were 
observed in the K, L, M, N, 
and 0 series. The experi-
mental intensities will be 
compared with computed 
values calculated with 
various initial distribu-
tions and a standard cas-
cade program. 

Fig. 1 



ATOMIC CAP1URE OF NEGATIVE MESONS; THE FUZZY FERMI-TELLER MODEL II.S 

M. Leon and J. Miller 

University of California 
Los Alamos Scientific Laboratory 

Los Alamos, NM 87544 

A model for the atomic capture1of negative mesons has been developed 
which, like the Fermi~Teller model, treats the meson classically and the 
electron cloud in the statistical approximation. The present model allows 
for the inherent probabilistic nature of the response of the atomic electrons 
to the invading meson. Hence the average energy loss and angular momentum 
loss of the Fermi-Teller model are replaced by distributions of energy and 
angular momentum losses, and the meson slows down in discrete steps rather 
than continuously. Results obtained in this Fuzzy Fermi-Teller model are com-
pared with earlier calculations, and possible applications of the model for 
the investigation of chemical effects in negative meson capture will be dis-
cussed. 

1M. Leon and R. Seki, Phys. Rev. Lett. 32 (1974) 132; and, to be published. 
P. K. Haff et al., Phys. Rev. AlO (1974) 1430; and, to be published. 
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II.6 

The a 2 (Za) 2 contribution of vacuum polarization to level shifts 
in high Z muonic atoms. 

M. K. Sundaresan 
and 

P. J. S. Watson 
Department of Physics, 
Carleton University, 

Ottawa, Canada. 

ABSTRACT 

Recently results of two calculations of the a 2 (Za) 2 vacuum polari-
zation contribution to level shifts in high Z muonic atoms have appeared 1 ' 2 • 

The results of these calculations are in disagreement with one another, 

Wilets and Rinker 1 claiming that the expected level shift is very small, 

while Chen2 claims it is enough to remove the discrepancy between theory 

and experiment in muonic X-rays 3 • It is therefore necessary to ascertain 
what the correct value is, and we have been performing the calculation 

using the method due to Owen~. Results of the present calculation will be 

presented. 

REFERENCES 

1. L. Wilets and G. A. Rinker, Jr. Phys. Rev. Letts. 34, 339, (1975) 

2. Min-Yi Chen, Phys. Rev. Letts. 34, 341, (1975) 

3. P. J. S. Watson and M. K. Sundaresan. Can. J. Phys.52, 2037, (1974) 
4. D. A. Owen, Phys. Rev. DB, 424, (1973) 



E2(El) PARITY MIXING IN MUON!C ATOMS II. 7 

L.M.Simons 
CERN, Geneva, Switzerland 

One of the most exciting discoveries in high energy physics 
in the last years has been the measurement of events in neutrino 
physics wich could indicate the existence of weak neutral currents. 
The interest in e.xperiments also in other fields of physics has 
then rapidly increased wich could also demostrate the existence 
of weak neutral current effects. 

In muonie atoms usually it is proposed to measure parity 
violating effects in the 2s-ls Ml(El)-transition.In contrast to 
the effects expected there we think that a parity violG~ing 
effect in other transitions like the 3d-ls and the 4f-2p E2(El)-
transition is much easier to n:.•3asure. 

The main reason for this is that background problems are much 
less severe here and that also tl1e posibili ty to reduce the back-
ground by a coincidence method is given.This and other experimen-
tal considerations will be discused. 
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II. 8 

EFFECTS OF NON-STATISTICAL HYPERFINE POPULATIONS IN MUON CAPTURE 
BY POLARIZED NUCLEI 

N.C. Mukhopadhyay 
Theory Group, SIN, Villigen, Switzerland 

and 
L. Hambro 

Theory Division, CERN, Geneva, Switzerland 

We have examined muon capture by polarized nuclei regarding 
its usefulness in probing the difference between the hyperfine 
capture rates A±. The capture rate A is given by 

A= NA +NA (1) + + - -

-+ -+ 

are the weights of the hyperfine population given by 
N = N stat[i-~·b], N+ = 1-N-, ( 2) 

a,b being the muon and nuclear polarizations at the instant of 
muon's entry in the 1S orbit, N stat is I , I being the nuclear 

2IH'.1 
spin. N+ are independent of time,since Tr(P±Pµ ®PI) does not 
change with time, P± being the projection operators for the hyper-
fine states and p's the density operators. If the rate A is deter-

-+ mined for two values of polarization b, A+ can be separately 
d et e rm i n e d by t he e q u at i on s -

A [N ( 2 )A( 1 )- N (l)A( 2 )]/[N ( 2 )N (l)_ 
a S S S a 

N ( 1 )N ( 2 )] (3) S a ' 
where a= (+,-), S = (-,+), superscripts indicate the two mea-
surements. For jiJ-+ and b having magnitude unity parallel and 

-+ antiparallel to a, the capture rates differ by -30% in hydrogen, 
deuterium, 6 Li, 10 8 targets. Adequate techniques exist to ex-
ploit the effect and determine A+ to a fair level of precision. 



II.9 

MIGDAL'S QUASIPARTICLE APPROACH AND ITS IMPLICATIONS OF ALLOWED 
MUON CAPTURE STRENGTH IN 12 C 
John D. Immele 
Lawrence Livermore Laboratory, Livermore, U.S.A. 
and 
N.C. Mukhopadhyay, CERN, Geneve, and SIN, Villigen, Switzerland 

An open-shell extension of Migdal's theory of finite Fermi sys-
tem is specialized to 12 C to describe the T=1 states. The Migdal 
spin-spin interaction term g' has a preferred value of 0.5 to fit 
t h e rat e of t h e pro c e s s 1 2 B ( g . s . ) ~- 1 2 C ( g . s . ) . Low - 1 y i n g T = 1 st at e s 
are well-reproduced. While the 12 B(g.s.)~ 12 C(g.s.) weak transi-
tions and their electromagnetic analogues are well-described, an 
improvement over the closed-shell RPA, the isovector M1 strength 
is found to be grossly overestimated. This means that the allowed 
muon capture strength is ill-reproduced. 

A careful examination of the difficulty suggests that the 
trouble may lie with the neglect of the graphs of the type given 
in fig. 1, which is necessary to restore the Pauli principle. This, 
however, leads to an energy-dependent p-h interaction and is thus 
incompatible with the basic philosophy of the Migdal approach. 

Fig. 1 
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Quantum Electrodynamics Tests with Muonic Atoms* II .10 

c. K. Hargrove, E. P. Hincks, H. Mes and R. J. McKee, 

National Research Council of Canada, 

M. s. Dixit, A. L. Carter, D. Kessler and J. s. Wadden, 

Carleton University, 

and 

H. L. Anderson, 

University of Chicago 

Muonic x-rays in the energy region 100 to 500 keV are well 
suited to test quantum electrodynamical (QED) effects. Dis-
crepancies between the predictions of QED and high precision 
measurements of the energies of higher transitions (n-5+4 and 
n-4+3) in muonic atoms have been reported from two independent 
experiments. 1 1 2 Although much of the discrepancy was later re-
moved by careful theoretical work (see, for example, the review 
by Watson and Sundaresan3) it remained at between one and two 
standard deviations for transitions in Ba, Pb, Tl and Hg. We 
have recently made new measurements of the higher lines in Cd, 
Ba, Pb and Bi using the SREL synchrocyclotron and will report 
the progress on our comparison of experiment with theory. 

*Supported by the National Research Council of Canada and the 
National Science Foundation and part of the program of the 
Canadian Institute of Particle Physics. 

1M. S. Dixit et al., Phys. Rev. Lett.'!:]_, 878 (1971). 

2 H. Walter et al., Phys. Lett. B40, 197 (1972). 

3P. J. S. Watson and M. K. Sundaresan, Can. J. Phys. 52, 2037 
(1974). 
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PARTIAL MUON CAPTURE RATES IN 12c 

V. Devanathan and P.R. Subramanian 
University of Madras,Madras-600 025,India 

and 
II 

R.D. Graves and H. Uberall* 
catholic University of America,washington DC 20064 

II.11 

Partial muon capture rates to the ground state and the three 
lowest excited states of 12B have been calculated usinp two versi-
ons of the shell model, and the generalized Helm model • The para-
meters for the latter model were obtained from an improved fit 2 to 
the inelastic electron scattering data, whereupon use of the model 
leads to good agreement between calculated and measured3 captured 
rates (see Table I). In contrast, the rates calculated from the 
single-particle shell model (sps) give overestimates by factors 
of four. For the capture rate to 4he 12B ground state, we also 
used a configuration mixing model (cfm) which predicts the rate 
correctly. 

* 
1 

2 
3 
4 

Table I 
. 1 . 12 Partia muon capture12ates in C 30 _1 the four lowest levels of B (units 10 sec 

Level Helm sps cfm exper. 
1 6.21 35.8 5.26 5.74"!0.80 
2+ 0.13 0.80 0.21±0.39 
2 0.68 3.51 0.37:!:0.57 
1 0.37 2.85 0. 73± 0. 41 

Work supported in part by the National Science Foundation. 

Also at Naval Research Laboratory,Washington DC 20375 
II 

M. Rosen, R. Raphael, and H. Uiberall, Phys. Rev. 163, 
927 (1967) 

II 

H.Uberall et al, Phys. Rev. C6,1911 (1972) 
G.H.Miller et al, Phys. Lett. 41B,50 (1972) 
M.Hirooka et al, Prog. Theor. Phys. 40,808 (1968) 
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II.12 
CHARGE PARAMETERS, ISOTOPE SHIFTS, QUADRUPOLE MOMENTS, 

AND NUCLEAR EXCITATION IN MUONICl70,l7l,l72 •173 •174 •176Yb.* 

A. Zehnder and F. Boehm 
California Institute of Technology, Pasadena, Ca. 91125 

W. Dey, R. Engfer, H.K. Walter, and J.L. Vuilleumier 
Laboratorium fllr Hochenergiephysik, ETH, 5234 Villigen, Switzerland 

Muonic x-ray and nuclear gamma rays from six separated isotopes of ytter-
bium were measured simultaneously. The parameters of the deformed charge dis-
tribution, the quadrupole moments and the isotope shifts are given in Tables I 
and II. The analysis includes QED corrections for the monopole and the quad-
rupole Coulomb potential and El and E2 nuclear polarization. 

The isotope shifts were interprP-ted in a model-independent way. From the 
static splitting of the 3d state in 173Yb a nearly model-independent spectro-
scopic quadrupole moment was found and used for testing the assumed charge dis-
tribution. 

In 172Yb evidence was found for a pronounced resonance between the 3d312-
ls1/2 muonic states and a nuclear state at 6.9314 MeV. Several nuclear gamma 
rays were observed and the isomer shifts for the first excited 2+ and o+ states 
were evaluated and are (73.±60) eV and (-3.2±1.4) keV, respectively. 

Table I Parameter of a deformed charge distrib-
ution p(r) = p [l+exp(4tn3 (r-c)/t)J-1 with c=c 
(l+S2Y2o+S4Y409. The skin thickness wast= 0 

2.18(2) for all isotopes. S4 was chosen to re-
prodqce the measured or calculated hexadecapole 
moments. The quoted errors for Q are statistis-
tical. By considering the model-~ependence the 
total error for all isotopes is 0.3b. 

Yb c (fm) S2 Q (b) 0 0 

170 6.212(5) 0.322(1) 7.80(4) 

171 6.214(5) 0.327(1) 7.95(4) 

172 6.227(5) 0.325(1) 7.91(4) 

173 6.234(5) 0.324(1) 7.92(5) 

174 6.246(5) 0.320(1) 7.82(5) 

176 6.271(5) 0.309(1) 7.59(5) 

REFERENCE 

Table II The isotope shift 
and its equivalent radius ~ 
are given with k = 2.34 and 
a = 0.136. The analysis was 
carried out as described in 
ref. 1. 

oEµls oRµls 
k 

(keV) (mfm) 

l 70-l 72yb -10.64(36) 18.0(6) 

170-172Yb -5. 78(37) 9.8(6) 

l 72-l 74yb -8.75(23) 14.8(4) 

174-174Yb -5.07(40) 8.6(7) 

174-176yb -7. 86(32) 13.3(5) 

1. R. Engfer, H. Schneuwly, J.L. Vuilleumier, H.K. Walter, and A. Zehnder, 
Atomic Data & Nuclear Data Tables 14, nos. 5-6, (1974). 

* Work carried out at the CERN Synchrocyclotron, Geneva, Switzerland. 



* MUON CAPTURE IN ATOMS, CRYSTALS AND MOLECULES 

P. Vogel, P.K. Haff, V. Akylas, and A. Winther ** 
II.13 

California Institute of Technology, Pasadena, California 91125 

A comprehensive description of muon capture in all but the lightest atoms 
is given. After verification that the process can be calculated by classical 
mechanics, the frictional force derived from the stopping power of an electron 
gas is used in the classical equation of motion for the negative muon. The 
method developed allows calculation of the angular momentum and energy distrib-
ution of captured muons. Formulae, based on the statistical atomic model, are 
derived for the energy at which the muons are typically captured and for the 
capture and energy loss cross sections. The transport equation describing the 
combined effect of stopping and capture in a target is derived and solved. It 
is shown that the angular momentum distribution of the captured muons is near-
ly statistical. The subsequent cascade is followed classically to the elec-
tron K-shell energy, where a comparison is made with a quantum calculation. 
The "standard" quantum cascade calculation, expected to be accurate at the 
lowest muon states, is shown to be in error when applied at high (n = 14) 
quantum numbers in small Z muonic atoms. The shape of the angular momentum 
distribution is not qualitatively changed during the cascade. In mixtures of 
monoatomic gases with atomic numbers Z1 and Z2 the calculated capture ratio is 
proportional to the relative concentration and to (Z1/Z2) 1015 • The capture 
ratios in cubic ionic crystals are calculated by the Monte Carlo method and 
the results agree well with the experimental data. In such crystals electro-
static ionic charges lead to systematic deviations from the Z law. Another 
approximate method of studying the capture process in a solid target is de-
veloped. Using this method with Hartree-Fock atomic densities and potentials, 
it is shown that the angular momentum distribution of muons in atoms near 
shell closure Z = 18 is steeper than statistical while in the transition metal 
nickel it is flatter, in qualitative agreement with the experiment. As an 
example of capture in more complicated systems the SF5 molecule is studied. 

* Work supported in part by the U.S. AEC AT[04-3]-63 and the National Science 
Foundation [GP-28027]. 

** Permanent address: Niels Bohr Institute, DK-2100, Copenhagen, Denmark. 
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* MUONIC x-RAY STUDIES IN Sm 

R.J. Powers 

II.14 

California Institute of Technology, Pasadena, California 91125 
and 

CEN-Saclay, Gif-sur-Yvette, France 91190 

P. Barreau, B. Bihoreau, J. Miller, J. Morgenstern, J. Picard, and L. Roussel 
CEN-Saclay, Gif-sur-Yvette, France 91190 

P. Bertin 
Universite de Clermont-Ferrand, Clermont-Ferrand, France 

We have measured the muonic isotope shifts of the 2p + ls transitions 
using separated samples of Sm with A = 144, 148, 149, 150, 152, and 154 at 
the electron Linear Accelerator at Saclay (ALS). The purpose of this ex-
periment was to study the evolution of nuclear radius and deformation as a 
function of neutron number in this transitional region of the periodic table 
where nuclear properties vary rapidly from those associated with non-deformed, 
magic-in-neutron-number (N = 82) nuclei (A = 144) to highly deformed rotors 
(A= 152 and 154). The absolute energies of the muonic transitions were de-
termined relative to muonic 208Pb, which has been well studied previously, 
in order to allow the determination of the nuclear charge parameters. 

The muon stopping rates (typically 20 k/s) were sufficient to allow the 
observation of transitions to and from the weakly populated muonic 2s state 
in several isotopes. Initial fits of the 152 Sm data using the 2s112 + 2p312 , 
3d512 + 2p312 , 2p312 + ls112 , 3p 312 + ls112 ,and 3d512 + ls112 transition 
energies as well as the 2p hyperfine interaction energies to a deformed Fermi 
distribution yield a dynamic E2 transition moment corresponding to an intrin-
sic moment Q = 5.74 + 0.06 b (assuming the rotational model) and a static E2 

0 -moment of the first excited state corresponding to Q = 5.80 + 0.18 b. The 
0 -dependence of this analysis upon the nuclear charge model will be discussed. 

* Supported in part by the U.S. AEC AT[04-3]-63. 



I I.15 
NEGATIVE MUON SPIN ROTATION AT OXYGEN SITE IN PARAMAGNETIC MnO* 

S. Nagamiya, K. Nagamine, 0. Hashimoto and T. Yamazaki 
Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan 

and 
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720 

The negative muon (µ-) has been applied to study hyperfine field at the 
oxygen site in MnO in paramagnetic phase. This material is antiferromagnetic 
below TN = 116 K, where oxygen atoms play important role in superexchange 
interactions between Mn++ d-spins. 

Negative muons from the 184" Cyclotron at LBL were stopped in a single 
crystal of MnO (3cm x 4cm x 5gr/cm2) at room temperature on which an exter-
nal magnetic field (6.830 and 1.1061 kOe) was applied perpendicularly to the 
muon beam. Fig. 1 shows the time spectrum of decay elect_ons from muons. 
The short-lived component is due to muons bound to Mn nuclei (µ-Mn), whereas 
the long-lived component is due to µ-o. We have analyzed the long-lived com-
ponent to get the precession frequency and relaxation time of µ-o in MnO. 
The x2-fits for this component and µ-c at H = 6.830 kOe are plotted in Fig. 2 
as a function of precession frequency. The comparison with a carbon run 
gave a paramagnetic shift (~) of µ-o in MnO, 

~ = oH/H = 1.1 ± 0.2 %. (1) 
The relaxation time 12 of µ-o extrapolated to zero external magnetic field is 

T2 = 1.5 ± 8:~ µsec at H = o. (2) 
Paramagnetic MnO is one of exceptional cases where the 170 NMR data are 

available. 1 The present value of ~(µ-O) is about 3 times smaller than the 
paramagnetic shift of 1 70 (~( 170) = 3.21 ± 0.02 %). This reduction cannot 
be accounted for by the reduction of 2s electron density alone. Therefore, 
it suggests that the polarization of local Mn++ d- .. pins is reduced due to 
the increase of superexchange interaction in the presence of µ- at the oxygen 
site. The relaxation time T2 can be explained if we take into account the 
reduction of 2s electron density as well as the enhanced local superexchange 
interaction. 
1 D.E.O'Reilly and T.Tsang, J. Chem. Phys. 40, 734 (1964). 
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*Work supported by JSPS (Japan), NSF and the US-AEC. 
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LIFETIMES OF NEGATIVE MUONS BOUND TO ACTINIDE NUCLEI* II.16 
0. Hashimoto, S. Nagamiya, K. Nagamine and T. Yamazaki 

Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan 
and 

Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720 

We have determined lifetimes of muons bound to 23Bu, 23Su, 232Th and 
239Pu by observing decay electrons from ls muons in order to study systemat-
ics of muon capture rate in this region and also to see any difference 
between the lifetimes through the observations of decay electrons C•e) and 
of fission fragments (•f), as discussed by Bloom. 1 

Muons from the 184" Cyclotron at LBL were stopped in a metallic target, 
and the time distribution of µ- + e- decay was observed in the same way of 
the µSR experiment. 2 The results are 

•eC238u) = 81.5 ± 3.0 nsec •eC235u) = 78 ± 5 nsec 
•eC232Th) = 80.4 ± 2.5 nsec •e(239pu) = 77.5 ± 2.0 nsec. 

The present value of •e(23Bu) is closer to •f(23Bu) [= 75.8 ± 0.8 nsec3] than 
the old value of •e by Sens4 , but still a "little longer than Tf(238u). The 
'f values for the other nuclei (235u, 232Th and 239Pu) reported by three 
groups 3 are scatterd too much to be compared to the present •e values. 

The reduced capture rates, Ac/<p>, versus (A - Z)/2A are plotted in 
Fig. 1 for both the fission mode and electron decay mode, where Ac = l/T -
l/•free and <p> is the overlap of muon and nuclear charge densities. The 
straight line is extrapolated from the systematics of capture rates in light-
er nuclei than 20 9Bi. In actinide region the reduced capture rate in elect-
ron decay mode is less dependent on (A - Z)/2A than in the lighter nuclei. 
1 S.D.Bloom, Phys. Lett. 48B, 420 (1974). 
2 T. Yamazaki et al., PhyS:-Lett. 53B, 117 (1974). 
3 J.A.Diaz et al., Nucl. Phys. 40,--s4° (1963); B.Budick et al., Phys. Rev. 

Lett., 24, 604 (1970); D.Chultem et al., JINR El5-8134 (Dubna, 1974). 
4 J.C.Sen""S:'" Phys. Rev. 113, 679 (1959). 
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Fig. 1 Primakoff plot of Ac for heavy elements. 
*Work supported by JSPS (Japan), NSF and the US-AEC. 



STRANGE DEPOLARIZATION OF NEGATIVE MUON IN TRANSITION METALS* II. l 7 

K. Nagamine, S. Nagamiya, O. Hashimoto, S. Kobayashi and T. Yamazaki 
Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo Japan 

and Lawrence Berkeley LaboratoI')", University of Califoinia, Berkeley, Calif., U.S.A. 

We have studied depolarization phenomena of negative muons in 
paramagnetic metals at various temperatures. The LBL facility for nega-
tive muon spin rotation was used. 

Mo: A free precession was observed with alinost full amplitude 
at RT and 18 K, which is contrary to the Dubna work. 1J 

Pd: A very pure Pd sample (5 ppm Fe) was used to avoid depolari-
zation due-:ro iron impurities. No precession signal has been observed at 
any temperature (RT, 77 K and 4 K) . This is :very surprising in view of 
the known m.m data for dilute Rh in Pd host. 2J If the µ-Pd felt the same 
inteinal field as the Rh nucleus, the µ-Pd would show relaxation times 
much longer than the µ- lifetime of 100 nsec. This fact indicates either 
1) presence of a giant hyperfine anomaly (the hyperfine field by the µ-Pd 
is 10 times greater than that by the Rh nucleus, or 2) a fast depolariza-
tion before reaching the ls 112 state of the muonic atom. 

Ni and its Alloy: In paramagnetic phase of Ni (T = 700 K) there 
was no precession signal. We observed appreciable precession signal in NiCr 
alloy at room temperature as the Cr concentration increased toward the ~ 
critical concentration (12%), where the magnetic moment of the alloy 
ultimately becomes zero. 

* Supported by Japan Society for the Promotion of Science, the National 
Science Foundation and the U.S.A.E.C. 
1) A.E. Ignatenko, Nucl. Phys. 23 (196.1) 75. 
2) A. Narath and H.T. Weaver, Phys. Rev 38 (1971) 616. 

··.~~~.--~..__~~H--~l~l----'M-l---U~l----1~'--~~IH--~IH'-----'zoe ... 
frequency 

137 



138 

PROBING THE GIANT MJW::NT IN A DILUTE PdFe ALLOY 
BY POSITIVE MUONS AT VERY LOW TEMPERATURES* 

II.18 

K. Nagamine, S. N agamiya, 0. Hashimoto, N. Nishida and T. Yamazaki 
Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo, Japan 

and Lawrence Berkeley Laboratory, University of California, Berkeley, CA94720 

Metallic palladium with dilute iron impurities has interesting magnetic 
properties at low temperatures; the impurity spin strongly polarizes the 
neighbouring Pd atoms, forming a large polarized complex. Theµ+ spin ro!a-
tion method was used to explore the details of this giant moment, since µ 
stays preferentially at octahedral interstitial sites in the f.c.c. metal. 

The polarized positive muons at the L.B.L. 184" cyclotron were used. A 
palladium metal with 150 ppm Fe impurity under 1081.1 (0.3) G applied field 
was cooled from 4.2 K to 0.11 K using a 3He-4He dilution refrigerater . 

The time distributions at 4.2 K and 0.11 K are shown in Fig. 1, where we 
can see a clear difference of the damping in the precession amplitude. We 
found that a Gaussian type relaxation (Aexp(-cr 2 t 2)) gives a better fit than 
an exponential type. This shows that the observed relaxation orginates from 
the static inhomogeneity in the local interstitial fields. The results of 
relaxation parameter (cr) and the local field (B ) are sununarized in Table 1. 
The temperature dependence of cr does not followµthat of the magnetization 
of the giant moment. 

The observed small shift of B even at 0.11 K (+0.06 ± 0.03%) may arise 
from a cancellation between the Lo¥entz field (+0.41%) and a Knight shift 
(-0.35 ± 0.03%), which is due to the conduction electron polarization induced 
by the iron moment. 

* Supported by Japan Society for the Promotion of Science, the National Science 
foundation and U.S.A.E.C. 

Table 1 Sununary of µ+SR in PdFe Alloy (150 ppm Fe) 

T 
(K) 

4.2 

0.6 

0.11 

CB -B ) /B µ ext ext 
(%) 

-0.02(0.02) 

+0.01(0.02) 

+0.06(0.03) 

0.19(0.04) 

0.32(0.04) 

0.52(0.03) 

... .. 
" t--+--+--+---+~f---+---'-~ -- l---'---+--+---+~f---+---+--<---i----1 

=tt--+--+--+---+---lf---+--'---'-i---'----1 
f D.11~ 

u 1.D 
Tl•I, alcrtstc 

4.0 

Fig. 1 Time spectrum of posi-
tive muon decay in PdFe alloy 
at 4.2 r and 0.11 K~. 



HYPERFINE FIELD ON POSITIVE MUON IN NICKEL 
IN THE TEMPERATIJRE RAi"IGE OF 0.12-300 K* 

II .19 

K. Nagamine, S. Nagamiya, 0. Hashimoto, T. Yamazaki and B. D. Patterson 
Department of Physics, University of Tokyo, Btmkyo-ku, Tokyo, Japan 

and Lawrence Berkeley Laboratory, University of California, Berkeley, CA94720 

nickel l) 
The 

We extended the µ+ spin rotation experiment in a single crystal 
to temperatures down to 0.12 K using a 3He-4He dilution refrigerator 
polarized µ+ beam at the L.B.L. 184" cyclotron was used. 

1he local field on µ+ at various temperatures has been determined. By 
subtracting the Lorentz field (4irM/3), the hyperfine field (Hint) can be ob-
tained. The low temperature limit of H. twas obtained to be 640.7 ± 2.2G. 
1he relative values of H. t normalized tg the lowest temperature value are 
shown in Fig. 1, where w~nput also a relative change of the saturation mag2 netization (M) and hyperfine field on Ni nuclei (H ) measured by NMR study ) . 
In contrast to the others, the µ+ hyperfine fieldsnare almost temperature in-
dependent. 

From the known hydrogen diffusion properties, we guess that the positive 
nruon is well localized at octahedral sites below 77 K. At higher temperature, 
.the thermal excitation of µ + might cause further broadening of the 1 ocation. 
Then we expect a decrease of the hyperfine field> in contrast to the experi-
mental tendency. 

* 

1) 

2) 

Supported by Japan Society for the Promotion of Science, the National 
Science Foundation and U.S.A.E.C. 

M.L.G. Foy, N. Heiman, W.J. Kossler and C.E. Stronach, Phys.Rev. Lett. 
30,1064(1973); B.D. Patterson, K.M. Crowe, F.N. Gygax, R.F. Johnson, 
~M. Portis and J.H. Brewer, Phys. Lett. 46A,453(1974). 
R.L. Streaver and L.H. Bennett, Phys. Rev. 131,2000(1963). 

Fig. 1 Temperature dependence of the re-
duced muon hyperfine field (H. t) norma-
lized at lowest temperature. in 
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Statistica1 Theory of Muon Capture I 
Y.Kohyama and A.Fujii 

II .20 

Physics Department, Sophia University, Tokyo, Japan 

A statistical method of ca1cu1ating the total muon capture 
rate is formu1ated and app1ied to several heavy nuclei. 

The assumption of the su(4) symmetry reduces 6 conventional 
nuclear matrix elements into a sing1e term 

f ! • e ~ JJ· 1r = J T,f• ( ~ 1:_:'-1 e- ~ l1t. ~) ~ := M < V;;:., Ef - E: ~ ) 1 
J ~· 

and the total capture rate is expressed as the sum over the 
partia1 capture rates fwfi· In the statistica1 treatment 
the fina1 state f is regarded to distribute continuous1y, 
1abe1ed by a continuous variable E = £f - E,; and the sum Z is 

f 
replaced by an integral fdf. The Vf~-dependence is purposely 
sing1ed out, and expanded around a constant value v : 

I M ( 'J)f~, E ) 12 = l M I v, E J l 2 + C Vf:, - -V ) d~ I M ( v, E ) l 2. 

JM<~~>l 1 can be expressed as a product of the single particle 
strength function Dtv, E J and the factor F(EJ which manifests 
the exclusion principle when a nucleon jumps from the proton 
to neutron Fermi sea. The :f'unction D c v, E) is characterized 
by the energy weighted swn rules J En. O«v, E) "'E (n = o, 1, z) 1 
which are related to the nuc1ear structure parameters. 

The Gaussian shape of DC~£) is assumed. It yields the fol-
lowing total capture rate in units of 10 6 sec-' (2nd row) in 
contrast to the experimental rate (.3rd row), the last 5 of 
which are, however, for the natural element. 

5~ Fe ~°Fe '
2

Fe "" Zn 11s Sm is~Gd ":zw 2o'Pb 

4.88 4.06 .3 • .31 5.70 9.21 12.4 1,3.2 1.3.7 
6.11 5.56 4.72 5.74 10.7 12.1 1,3.1 1.3.0 



Statistica1 Theory of Muon Capture II 
Y.Kohyama and A.Fujii 

II. 21 

Physics Department, Sophia University, Tokyo, Japan 

The statistica1 theory is further refined in the fo11owing 
points. 
1) su(4) symmetry is assumed on1y for re1ativistic correc-
tion terms, so that 2 nuc1ear matrix e1ements J 1 · e ;,,, ... and 
f ~-e-~~-r govern the capture rate. 
2) The exponent e-'-TIJ·•r is separated into Cc.A(JJl·rJ and ~( "J.1·1r>. 
The former/1atter induces the nuc1ear transition of parity 
change no/yes. 
J) The pairing effect changes the nuc1eon distribution 
near the top of the Fermi sea. This effect requires some 
modification of the exc1usion princip1e factor F<E) • 
4) The capture rate for the natura1 e1ement is obtained 
by the weighted mean of the rates for isotopes. 

A calculation is forwarded with 4 strength functions, 
whose shapes are assumed to be the superposition of 2 
Gaussian bumps. The ratio R of the calcu1ated and 
experimenta1 capture rate is p1otted as a function of z. 

R 

1.0 

0.9 

z 
JO 60 90 
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MUONIUM CHEMISTRY IN THE GAS PHASE II.22 

D.G. Fleming, J.H. Brewer and D.M. Garner 
TRIUMF and Dept. of Chemistry, University of British Columbia 

A.E. Pifer, T. Bowen and D. Delise 
Dept. of Physics, University of Arizona 

K.M. Crowe 
Dept. of Physics and Lawrence Berkeley Laboratory, University of California 

Studies at LBL of µ+depolarization in liquids have yielded a number of 
rate constants for chemical reactions of muonium (Mu) atoms with various re-
agentsl. Comparison of these rate constants with those of atomic hydrogen (H) 
in analogous reactions has led to the direct observation of large isotopic dif-
ferences, as high as a factor of 104 in some cases. Unfortunately, liquid phase 
results are difficult to interpret theoretically due to competing effects of 
diffusion and many-body collisions. In the gas phase, certain simple reactions 
can be characterized by reaction cross sections, for which any difference be-
tween Mu and H should agree with the quantitative theoretical predictions of 
dynamic isotope effects. 

Recent experiments at LBL using the "Arizona" beam line, have allowed a de-
termination of the rate constants for the reaction of Mu with adde~ Brz and c12 
(~5 x lo-4 ppm.), in 1 atm. Ar moderator. A typical pair of µ+-+e+v Ve time his-
tograms are shown in Figure 1. The total rate of disappearance of ~he Mu signal 

o. is composed of any "background" relaxation 
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<l 
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rate A0 (top spectrum) and the rate Ar of 
the chemical reaction of Mu atoms with 
added reagent (A=A0 +Ar)• In the absence of 
any spin-exchange collisions, it is the rate 
Ar (bottom spectrum) which is of interest, 
since this is proportional to the thermal 
collision cross section of Mu atoms with 
added reagent, the simplest reaction of 
which leads to a diamagnetic bond incorpor-
ating the Mu; eg., 

Mu + Br2 + MuBr + Br 
The bimolecular rate constant (k~av) 

can be simply determined from the fitted 
value of Ar for a given concentration of 
added Br2 or Cl2 • The results at 22°C are: 
k(Mu+Br2)=(2.4±0.3)x10II and k(Mu+cl2)= 
(6.0±0.4)10IO t mole-I sec-I. The corres-
ponding H atom rate constants2 are ~3 x lOIO 
and ~s x 109, respectively. The Mu atom 
rates are about a factor of ten faster in 
both cases; the additional factor of 3 over 
that expected from the difference in mean 
velocities is indicative of some "dynamic" 
enhancement in the rate. 

BIN NUMBER (20 NANOSECONDS I BIN) 1. J.H. Brewer, et.al., Phys. Rev. AB, 77 
(1973); ibid, A9, 495 (1974). --
B.A. Thrush, Prog. Reaction Kinetics, 
2_, 65 (1965) • 

Fig. 1. (Top); A0 fit of Mu preces-
sion in 1 atm. Argon. (Bottom); re- 2. 
laxation A=A 0 +Ar upon addition of 
~ 10- 3 ppm. Cl2. 



NUCLEAR STRUCTURE STUDIES IN HEAVY DEFORMED 
* NUCLEI USING MUONIC ATOMS 

II.23 

D. A. Close, J. J. Malanify, and J. P. Davidsont 
Nuclear Analysis Research Group 

University of California 
Los Alamos Scientific Laboratory 

Los Alamos, New Mexico 87544 

Nuclear charge parameters for four nuclei in the actinide 
region, 232Th, 238u, 235u, and 239pu, have been determined using 
muonic x rays. A large volume, high resolution Ge(Li) detector 
was used to measure transitions between circular orbits. The 
theoretical transition energies were obtained by numerically in-
tegrating the Dirac equation with a monopole potential derived 
from a Fermi charge distribution. Corrections for vacuum polari-
zation and higher-order vacuum polarization, Lamb shift and the 
anomalous magnetic moment of the muon, nuclear polarization, and 
the screening effect of the electrons were added to the eigen-
values. A generalized least-squares fitting routine was used to 
minimize the x2 between the experimental and theoretical energies 
for the 3d-2p and 2p-ls transitions. The results of these anal-
yses are shown in the following table. 

Nucleus a (fm) c (fm) ~2 Q 
~a(fm) ~c(fm) ~~2 (barns) 

232Th 0.471 6.998 0.253 9.62 
0.002 0.003 0.001 

238u 0.472 7.048 0.280 11.14 
0.003 0.004 0.001 

235U 0.471 7.024 0.269 10.59 
0.003 0.004 0.001 

239Pu 0.465 7.074 0.282 11.55 
0.007 0.008 0.001 

The values of a, c, and ~2 and their errors were calculated 
by the fitting routine which properly evaluates the error matrix. 
The quadrupole moments are the calculated values based on the 
values for a, c, and ~2· The data are being further analyzed to 
extract higher-order deformation parameters and higher-order 
moments of the charge distribution. 

Work performed under the auspices of the U. S. Energy Research 
and Development Administration. 

ton Sabbatical leave from the University of Kansas, Lawrence, KS 
66045, 1974-75 academic year; presently with the Physics Divi-
sion of Los Alamos Scientific Laboratory. 
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AN INVESTIGATION OF CHEMICAL EFFECTS ON NEGATIVE MUON CAPTURE 

L. F. Mausner, R. A. Naumann, Princeton University 
J. A. Monard, S. N. Kaplan, University of California 

Lawrence Berkeley Laboratory 

* II .24 

To systematically investigate the influence of chemical structure on the 
atomic capture of negative muons, muonic x-ray spectra have been measured for 
several isoelectronic and isostructural molecular series and related pure ele-
ments at the Lawrence Berkeley Laboratory 184" Cyclotron. Relative intensities 
were determined using an efficiency calibrated Ge(Li) detector and correcting 
for x-ray attenuation in the targets employed. Some of the results are sum-
marized below. 

A. Seven muonic Lyman series lines were observed from a liquid Ar target 
with relative intensities consistent with neighboring isoelectronic ions, but 
in stark contrast to the single Ka line previously reported for a gaseous ar-
gon targeti. These results may imply a large physical state difference for 
muon capture in liquid or gaseous Ar. 

B. The Ke/Kai ratios decrease through the isoelectronic series s-2 , Cl-, 
Ar, K+, Ca +2 • This trend can be correlated with the maximum angular momentum 
(Lmax) of the initially captured muon at the valence radius of an atom or ion. 
Lmax ~ r"VE, where r is the atomic or ionic radius and Eis the ionization po-
tential. 

c. Using the standard cascade computer code with an initial angular mo-
mentum distribution of the form (2L + 1) exp(aL), we obtain a good fit to these 
Ka/Ket ratios for a~ 0.2-0.3. 

D. In general, elemental Ka/Ka ratios slowly decrease with increasing z. 
E. The muonic Lyman series intensity patterns from ionic solids contain-

ing the same ions are similar. The intensity ratios are similar for Cl- in 
NaCl, KCl, and CaC~, for Ca+2 in CaS and CaC~, for Na+ in NaCl and NaCl04, 
and for S in Ca.804 and MgS04. Conversely, differences are observed for S 
between CaS and CaS04, and for Cl in NaCl and NaCl04. 

F. We observe deviations from the Z-Law in ionic solids which appear to 
correlate with the effective charge on the ions. 

G. Comparison of the capture ratios of NaCl vs. NaCl04, and CaS vs. CaS04 
shows higher Z Law deviations for the oxysalts, suggesting preferential trans-
fer of initially captured muons to the tetrahedrally coordinated oxygen from 
the central chlorine or sulfur atoms. 

H. Muon Auger and radiative Lransition rates out of the Nµ = 14 state in 
the helium atom were calculated using screened hydrogenic wave functions. Com-
parison of the classical rotation frequency of a muon captured on'this state 
to these transition rates, suggests that several orbits are possible before 
the muon deexcites. This result is consistent with the hypothesis of "mesomo-
lecular" orbitals. 

*work performed under the auspices of the U. s. Atomic Energy Commission 
1. G. Backenstoss et. al., Phys. Lett. 36B, 422(1971) 



PRECISION MEASUREMENT OF GROUND STATE MUONIUM 
HYPERFINE STRUCTURE INTERVAL !J. v * 

D.E. Casperson, T.W. Crane, V.W. Hughes, 
P.A. Souder, and R.D. Stambaugh, Yale Univ., 

P.A. Thompson, Los Alamos Scientific Laboratory, 
H.F. Kaspar and H-W. Reist, Univ. of Bern, 

H. Orth and G. zu Putlitz, Univ. of Heidelberg, 
and A.B. Denison, Univ. of Wyoming 

II.25 

At LAMPF the hfs transition !J.F=~l in muonium has been measured at a weak 
magnetic field of <2 mG by the microwave magnetic resonance method in low 
pressure krypton. The Stopped Muon Channel yielded a high purity beam of 
momentum 7S MeV/c and polarization O.S. With a primary proton current of 
10 µA average ~d duty factor 0.05, the µ+ instantaneous stopping rate was 
about 4.5 x 104 sec-1 in a 1.7 atm krypton target system 25 cm in length. 
The resonance line was observed by an "old muonium" method in which a low 
power oscillatory field is used and decay positrons are observed only from 
muonium that has lived longer than 3 µsec, to achieve a narrow linewidth of 
about 220 kHz. Also the line narrowing method of separated oscillating 
fields was used. The data-taking time of about 600 hours was equally divid-
ed between the two methods. Proportional wire chambers as well as scintil-
lation counters were used. 

The data on the tJ.F=±l weak field transition for muonium were obtained 
for krypton pressures ranging from 1.7 to 5.3 atm. Preliminary analysis of 
these data, when combined with our earlier higher pressure datal, yields !J.v, 
as well as a and b, which are respectively the linear and quadratic hfs 
pressure shift coefficients: 6v=4463 301.1(1.6) kHz (0.36 ppm); a=-10.60(11) 
x io-9/Torr; b=S.6(2.1) x lo-15/Torr2. The error assigned to tJ.v is a 
statistical error, which dominates systematic errors. Our !J.v value agrees 
with the value quoted by Telegdi et al., 2 !J.v=4463 304.0(1.s) kHz (0.4 ppm). 
Using our value for !J.v together with the best known value3 for a 1 we obtain 
a value for µy/µ~and hence for the ratio of muon to electron mass:l 
µµ/µp = J.l8j 3JJ. 5(62) (2.0 ppm); IT\J/me=206.769 22(41) (2.0 ppm). 

*Research (Yale Report No. C00-3075-109) supported by the U.S. Energy 
Research and Development Administration under Contract No. AT(ll-1)3075. 

1P.A. Thompson et al., Phys. Rev. AS, S6 (1973). 
2H.G.E. Kobrak et al., Phys. Lett. 4JB, 526 (1973). 
3E.R. Cohen, B.N. Taylor, J. Phys. Chem. Ref. Data~' 663 (1973). 
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II.26 

High-Order Vacuum Polarization in Exotic Atoms, by G. A. Rinker, Jr., LASL, 
a11d L. Wilets. U. of Washington.* 

Electron-positron vacuum polarization potentials, accurate to all orders 
n ;;i. 3 in (Za)n, are calculated using realistic nuclear charge distributions for 
sP.lected nuclei throughout the periodic table. These potentials are employed 
to determine the muonic energy shifts listed in Table I. These correspond to 
the diagrams 

+ + ' .. i 

where X is a nuclear vertex ~th appropriate form factor~ Accurate shifts for 
other values of Z or for other exotic particles may be interpolated by assuming 
that for a· given level, Af:a:zk, and for a given nucleus, flEcr. < rµ- 1 >k, where 
k is determined in each case by fitting to nearby values. Further details 
concerning these results are being reported elsewhere. 1 

Table I. n ;;i. 3 Vacuum polarization energy shifts of order a(Za) 
z 

E (eV) 

ls1/2 
2s1/2 

3s1/2 

2p1/2 
2p3/2 
3p 

3di/2 
3ds_.2 
4f 
Sg 
6h 

26 

12 

3 
1 

3 
3 

1 

1 

1 

0 

0 

0 

56 

151 

60 
27 
84 

81 

34 
38 
36 
17 

9 
4 

78 

418 

201 

100 

287 

277 

130 

150 

145 
75 
41 

23 

82 

492 
244 
123 
348 
335 

160 
186 

180 

95 
53 

30 

92 

691 

367 
193 
517 
500 
250 
299 
288 

158 

89 
51 

98 

839 
463 
248 

646 
626 
322 

390 

374 
210 

119 
71 

114 

1370 
817 

462 
1110 

1080 

593 
738 
706 
417 
245 
148 

1G. A. Rinker, Jr. and L. Wilets, "Vacuum Polarization in Strong, Realistic 
Electric Fields, 11 submitted to Phys. Rev. A. See also L. Wilets and G. A. 
Rinker, Jr., Phys. Rev. Lett. 34, 339 (1975); G. A. Rinker, Jr. and 
L. Wilets, Phys. Rev. Lett. 31~1559 (1973). 

*work performed under the auspices of the U.S. ERDA. 
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MUONIC X-RAY MEASUREMENTS OF NUCLEAR CHARGE RADII IN THE MASS-60 REGIONt 

E. B. Shera. E. T. Rittertt, R. B. Perkins, and L. K. Wagnerttt 
Los Alamos Scientific Laboratory, University of California, Los Alamos, NM 87544 

H. D. Wohlfahrt and G. Fricke, University of Mainz, Mainz, Germany 
R. M. Steffen, Purdue University, Lafayette, IN 47907 

The muonic 2p3;2~ls1;2 and 2p1;2~ls1;2 transition energies for the 16 separated 
isotopes Fe-54,56,57,58, Co-59, Ni-58,60,61,62,64, Cu-63,65 and Zn-64,66,68,70 
have been measured in the stopped-muon channel of LAMPP. Subsets of three dif-
ferent nuclides were measured simultaneously to extract precise values of iso-
tope and isotone shifts. Equivalent-charge-radii differences between isotopes 
were determined from the Ford-Wills radial moments <rl.55)with accuracies of 
about ±l0-3 fm. Some details of the measurements, together with results for 
the even Fe isotopes, appear in ref. 1. Isotope shift data for all the nuclei 
studied are sunnnarized in the lower half of the figure below, in which values 
for the differences in charge radii, 6Rk, between isotopes differing by both 
6n=l and 6n=2 are plotted. The isotope shift values are plotted below the 
isotope pairs (in the upper half of the figure) to which they correspond. Two 
effects are readily apparent. 1) The isotope shifts between even nuclei (6n=2) 
form an approximately linear sequence--strikingly independent of Z--as n 
increases from 28 to 40. The cause of this systematic behavior is not presently 
understood. 2) A pronounced even-odd staggering exists for the 6n=l shifts. 
This effect, which has been observed in other optical and muonic isotope shift 
studies, is also evi-
dent in our isotone 
shift data. Detailed 
Hartree-Fock predic-
tions of the nuclear 
charge distribution of 
these nuclei are pre-
sented in the follow-
ing paper. 

tSupported by ERDA and 
Deutsche Forschungsge-
meinschaft. 

ttVisitor from ERDA. 

tttAlso, Florida State U. 

lE. B. Shera et al, 
Phys. Rev. Lett-.-34;° 535 
(1975). -
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Deformed Hartree-Fock Description of the Fe, Ni, and Zn Isotopes* II. 28 
G. A. Rinker, Jr., LASL, and J. W. Negele, MIT 

We have carried out constrained liartree-Fock calculations for s 4 ,s6,S8Fe, 
58,60,62,64Ni, and 64,66,68,70zn, using a theory based on a realistic two-body 
interaction and a phenomenological pairing force, with a basis which allows 
the solutions to exhibit axially- and parity- symmetric deformations. 1 The 
energy-of-deformation curves are shown in the upper figure, as a function of the 
intrinsic mass quadrupole moment Q0 (Q 0 =200fm2 corresponds to (3~.2). These 
curves are generally too flat to produce a definite ground-state deformation, 
with the exception of S6, 58Fe and 70zn. For 56Fe, our prediction for the 
charge quadrupole moment (+100fm2) is in agreement with a recent measurement2 
for the first 2+ state (+120 fm2). Although approximation of most of these 
nuclei by a single deformed in-
trinsic state is very crude, one 
still obtains some insight into 
the behavior of charge radii in 
this region. Shown in the lower 
figure are the rms radii/Al/3 of 
the constrained spherical calcu-
lations and of the prolate and 
oblate densities nearest the local 
energy minima (or the extrema of 
the flat central minima for 58,60 
Ni) , along with radii interpreted 
from a LAHPF muonic-atom experi-
ment reported in the preceeding 
paper. From these results one 
observes, for example, that the 
trerld tC":·:ard prol.:?.te deformation 
in the Fe isotopes reproduces 
much more of the experimental so-
lutions, and that the one true 
spherical nucleus 70zn is in ex-
cellent agreement with experiment. 
Evidently a better descr:Lption 
of these nuclei will require in-
clusion of non-axial shapes, 
superposition of many nearly de-
generate shapes, and polarization 
arising from the residual n-p 
interaction. 
*Work performed under the auspices 
of the USERDA 

1E. B. Shera et al., Phys. Rev. 
Lett. 34, 535 (1975). 

2G. Schilling et al. , Phys. Rev. 
c1, 1400 (1970). 
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MICROSCOPIC CALCULATIONS OF ISOTOPIC SHIFTS IN 

DEFORMED NUCLEI 

Dieter Zawischa 
Institut fur Theoretische Physik der TH Hannover, Germany 

and 
Josef Speth 

Physics Department, SUNY-Stony Brook, N. Y. 11794 

II.29 

We used the linear response theory including pairing correlations, to 
calculate microscopically the change of the ms charge radii and the mesonic 
isotopic shifts due to the addition of one or two neutrons to an even nucleus. 
For the evaluation of the corresponding equationl we used single particle 
energies and wave functions of a deformed Woods-Saxon potential. It turns 
out that the static and low energy results depend very sensitively on the 
single particle energy scheme. Therefore the spectra of the odd mass nuclei 
were used to extract corrections to the theoretical s.p. energies. By this 
method we finally obtained one Nilsson level scheme which is used for the 
whole region.2 

As residual interactions (particle-hole and particle-particle) density 
dependent zero-range forces have been used with parameters which previously 
have been adjusted in the lead region. A large configuration space is used 
so that no effective charges hav.e to be introduced. 

Some preliminary results are given in the table. 

6<r2>[10-3fm2] /J.Eis[keV] 
ll 

Isotope Pair Theory Exp. Theory Exp. 

157Gd-156Gd 29,5 21±13a 1.85 

158Gd_156Gd 153.0 135±20a 8.63 

171Yb_170Yb 64.9 41±10a 4.24 4.86±.52b 

172Yb_170Yb 99,7 118±16a 6.67 
b 10.64±.36 

1s1+w_1s2w 68.7 102±12a 5.62 

aK. Heilig and A. Stuedel, Atomic Data and Nucl. Data Tables, 
in print. 

bA. Zehnder, thesis (Diss. Nr. 5280), ETH, Zurich~ 

1. J. Meyer and J. Speth, Phys. Letters 39B (1972) 330. 

2. D. Zawischa and J. Speth, Phys. Letters, in print. 
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Muonium and Free-Muon Precession Components in 
Noble Gases at Low Pressure* 

A. E. Pifer, T. Bowen, and D. A. Delise 

Department of Physics, University of Arizona, Tucson, Arizona 85721 

and 

J. H. Brewer and D. G. Fleming 

TRIUMPF, University of British Columbia, Vancouver 8, B.C. 

II .30 

Observations on the fractions of stopped muons which precess 

at the free muon rate and at the muonium rate are being carried out 

for positive muons stopping in noble gases, particularly neon and 

argon, near atmospheric pressure. The muons are supplied by a 

30 MeV/c beam at the LBL 184 11 Cyclotron. All inside surfaces of 

the gas target chamber are chromium plated; since chromium is anti-
\ 

ferromagentic at room temperature, muons stopping in the walls are 

completely depolarized and do not contribute to the precession 

signal. Results are very sensitive to small concentrations of 

impurities. Data will be presented for various target gases and 

impurities. 

*Work supported in part by the National Science Foundation. 



SHAPE ISOMER EXCITATION BY MU-MINUS CAPTURE II. 31 

S. N. Kaplan and J. A. Monard 
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720 

S. Nagamiya 
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720 

and 
Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan 

ABSTRACT 

There are a number of reported measurements of negative muon (µ-) life-
time in 238u. All such lifetime measurements known to us have used either 
nuclear fission (Tf) or a decay electron C•e) to signal the muon disappear-
ance. There appears to be a significant discrepancy between Tf and •e• as 
Tf = 75.8 ± 0.8 nsec1 while •e = 81.5 ± 3.0 nsec 2 . Bloom3 suggests that the 
difference is real; that the electron measurements give the true muon life-
time,•(µ), whereas the fission measurements observe two lifetimes, one from 
µ- capture and the other from fission decay of the shape isomer which, he 
postulates, is copiously excited by non-radiative capture of the 2p-ls 
muonic transition. 

It follows from Bloom's arguments and recent y-decay measurements on 
the shape isomer4 that one would expect to see y-rays from the fission 
isomer in 238u followingµ- capture. Extending Bloom's arguments to analyze 
the time distribution of nuclear y-rays following µ- capture, we would 
expect (neglecting lifetimes of intrinsic levels) that two distinct life-
times should be observed. The y-rays from the µ--capture-product levels 
should have the trueµ- lifetime, T(µ). Any y-rays from back decay of the 
shape isomer will, however, have a lifetime T = [l/•(µ) + l/•(i)]-1 where 
T(i) is the isomer lifetime. Furthermore, compared to electron measurements, 
the y-ray measurements are much more free from long-lived background arising 
from the muons that stop in the low-Z material of surrounding counters. 
Because of relative capture and decay rates, such background is reduced more 
than a factor of 100. 

Very preliminary results from the first few hours of an experimental 
run show no candidates for shape-isomer y-rays with yields greater than 2 % 
of the 3d-2p X-ray yield. The present data are not yet sufficient to give 
lifetimes from any individual y-ray peaks. However, a mean life obtained by 
averaging over all y-ray counts in the energy range 1-2 MeV gives •(µ) = 85 
± 5 nsec [The statistical error is about 1 %. The remainder is a conserva-
tive estimate to allow for the, as yet uncorrected, bac.kground periodicity 
due to muon-beam time structure.]. This result is in good agreement with 
electron measurements. 

REFERENCES 
1 J. A. Diaz et al., Nucl. Phys. 40, 54 (1963); B. Budick et al., Phys. Rev. 

Lett. 24, 604 (1970); D. Chultera-et al., JINR El5-8134 (Dubna, 1974). 
2 0. Hashimoto et al., Contributed Paper to this Conference (1975). 
3 S. D. Bloom, Phys. Lett. 48B, 420 (1974). 
4 P. A. Russo, J. Pedersen and R. Vandenbosch, Nucl. Phys. A240, 170 (1975) .. 
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PRECISE MUONIC X-RAY ENERGIES AND THE VACUUM POLARIZATION 
G. Backenstoss*, H. Koch**, A. Nilsson*** and L. Tauscher* 

CERN, Geneva, Switzerland 
*University Basel, Switzerland 

**University Karlsruhe, Germany 
***Research Institute for Physics Stockholm, Sweden. 

II.32 

Considerable efforts have been made to determine X-ray energies of 
heavier muonic atoms with the highest possible accuracy in order 
to decide whether discrepancies exist to theoretically predicted 
energies and of which type they are. Since the transitions are 
chosen such that other sources of uncertainties such as finite 
size effect, nuclear polarization and electron screening are mini-
mized, possible deviations are thought to be connected with quan-
tum electrodynamical corrections, predominantly vacuum polariza-
tion. 
Hence, additional information is desirable which we obtained by 
measuring the energy difference between the 4+3 transitions in 
µ-Ba and the 5+4 transitions in µ-Pb which are doubletts inter-
leaving each other. The components are, however, sufficiently se-
parated that the energy difference can be determined with a high 
precision. Any effect depending independently on Z and the muonic 
state (n,ij) should be detectable sensitively in this way. 
We measured the X-rays from a composite Ba-Pb target simultane-
ously with two Ge(Li) detectors and obtained for the energy dif-
ference 

~E = E4f + 3d(Ba) - E5g + 4f(Pb) 

for the transitions between the states with i+V2 and those with 
i-v2 the following values (~Eexp) which are the averaged results 
of both detectors and which agree within their errors. 

~Eexp (keV) 
2.567±0.013 
3.611±0.016 

~Eth (keV) 
2.578 
3.620 

These data agree fully with the calculated values (~Eth> which in-
clude the terms of the order a(Za), a 2 (Za) and a(Za) 3 '~' 7 • In ear-
lier work a discrepancy was reportedl) for the i+V2 transition 
difference, which however was not measured directly as difference, 
yielding (~Eth - ~Eexp> = 34 eV. 
A determination of the absolute energies will be attempted with a 
special calibration method utilizing built in calibration lines. 
This should yield another cross check on this important problem. 
The purely statistical error is excepted to be of the order of 15 
eV. 

1) M.S. Dixit et al. Phys. Rev. Lett. 27, 878 (1971). 



OBSERVATION OF THE LARMOR PRECESSJON OF 
THE MUONIC HELIUM ATOM, aµ_e_ 

P.A. Souder, D.E. Casperson, T.w. Crane 
v.w. Hughes, D.C. Lu, and M.H. Yam, Yale Univ., 
H. Orth and G. zu Putlitz, Univ. of Heidelberg, 

and H-W. Reist, Univ. of Bern 

I I. 33 

The muonic helium atom aµ.-e- is the simple atomic system in which one of 
the electrons in a normal helium atom is replaced by a negative muon.l When a 
µ- is stopped in He, the muonic helium ion (aµ-)+ in its ground lS state is 
normally formed. Both electrons are lost through Auger processes, and since 
the ionization potential of He is higher than that ofaµ-e-, the ion cannot 
capture an electron from a neighboring He atom. Thus a donor atom with a low 
ionization potential such as Xe must be added to form aµ_e_. 

The method of our experimental study of the atom is the usual one for 
observing the Larmor precession of muonium (1.4 MHz/G) or free muons (13.6 
kHz/G).2 Polarized negative muons from a 100 MeV/c beam at SREL stopped in a 
target containing 14 atm He to which Xe could be added. Plastic scintillators 
detected the stopping muons and their decay electrons, and pulse height 
analyzers recorded the time spectra of the events. We first measured the 
residual polarization of (aµ.-)+ in pure He. A precession amplitude Aµ = 
1.24% ± 0.17% was observed at a magnetic field of 67 G at a frequency (0.91 
MHz) corresponding to free muon Larmor precession. This amplitude corresponds 
to a residual polarization P•0.06, which contrasts with the expected value 
P=0.17 forµ- captured by atoms with spinless nuclei) Previous experiments 
with He had established an upper limit on P at about this value~4 Adding 0.2% 
Xe did not affect this amplitude, but adding 1.2% Xe resulted in a signifi-
cantly smaller amplitude Aµ= 0.25% ± 0.22% 5uggesting thataµ.-e- was being 
formed. 

To provide more direct evidence, we searched for the characteristic 
muonic helium atom Larmor precession frequency (the same as for muonium) at 
several magnetic fields: 3.lG; 3.4G, 3.7G; and 4.6G. A 2% admixture of Xe 
in 14 atm of He was used for these data. At the expected frequency, a posi-
tive amplitude was present for each magnetic field. The average amplitude, 
Aµ - -, was 0.53% ± 0.09%. This clearly demonstrates the formation of polar-
izedeaµ-e- atoms and indicates that it is possible to perform precision 
measurelll,Slnts of the hyperfine structure interval 6v as has been done for 
muonium) A comparison of 6v betweenµ +e- and µ -e- should yield a precise 
comparison of the µ+ andµ- magnetic moments, serving as a test of one of the 
predictions of CPT invariance. 

*Research (Yale Report No. C00-3075-110) supported by the U.S. Energy Research 
and Development Administration under Contract AT(ll-l)-3075. 
1. K.~. Huang et al., Fifth International Conference on Hi h Ener Ph sics 
and Nuclear Structure, ed. by G. Tibell, North-Holland Pub. Co., 1973 ,p.312. 
2. R.D. Stambaugh et al., Phys. Rev. Lett. 2..:1, 568 (1974). 
3. R.A~ Mann and M.E. Rose, Phys. Rev. 121, 293 (1961). 
4. D.c. Buckle et al., Phys. Rev. Lett."""25, 705 (1968); V.G. Varlamov et al., 
JETP Lett. 16, 224 (1972). P. Souder, et""'B."l., Abstracts, Fourth Intl. Conf. 
on Atomic Physics, Heidelberg, 1974, p. 32. 
5. v.w. Hughes, Annu. Rev. Nucl. Sci. 16, 445 (1966). 
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II.34 
EMISSION OF THE AUGER ELECTRONS IN j< -MESIC ATOMS AND ESCAPE OF 

CHARGED PARTICLES IN .JI -MESON CAPTURE BY LIGHT (C,N,O) AND HEAVY 
(Ag, Br) NUCLEI. 

Yu.A~Batusov, S.A.Bunyatov, L.Vizireva, G.R.Gulkanyan, 
F.Mirsalikhova, V.M.Sidorov, Kh.Chernev. 

Joint Institue for Nuclear Research, Dubna, USSR 

Abstract 
The probabilities of emission of Auger electrons of (20~lOO)keV 

in _ _JJ. - mesic atoms of 'light (C,N,O) and heavy (Ag,Br) elements 
_/ 1 ( ) • -2 ,J h ( ) • -2 were determined to be ~ = 1.1±0.3 10 and '-"- = 31±1 10 , 

respectively. The multiplicity was also determined and the spectrum 
of the Auger electrons from heavy element mesic atoms was measured. 

There were obtained the relative probabilities of emission of 
one, two, three and four charged particles in fi - -meson cap:bure 

by (C,N,O) and (Ag, Br) nuclei (Table I). The total yield of charge• 

particles per one capture act is (7.4±1.4)% for (C,N,O) and 
(2.9:!,:().2)% for (Ag,Br) nuclei. 

Table I. 
The probabilities escape of charged particles per one capture act,(~ 

Number 
of 
particles 

2 

3 

4 

Nuclei 

wl 
I 

w1 
2 

wl 
3 

wl 
4 

1 w 

c,N,O 

- 1.5 + 

= 3.7 + 

= 1.7 + 

== 0.5 + 

= 7.4 + 

Ag, Br 

1.1 WT = 2.7 + 0.2 I 
0.3 WT = 0.17 + 0.02 2 
0.1 WT - 0.02 + 0.005 3 
0.08 WT """ 0.001 4 

1.4 WT = 2.9 + 0.2 
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SEARCH FOR RADIATION TRANSITIONS FROM THE MESIC MOLECULAR 

STATES 

K.Andert, V.S.Evseev, H.G.Ortlepp, V.S.Roganov, B.M.Sabirov, 
H.Haupt, H.Schneuwly, R.Engfer 

Joint Institute for Nuclear Research, Dubna,USSR 

Abstract 

B using a planar Ge(Li) diode having a high energy reso-
lution the energy spectrum of muonic X-ray radiation from 

oxygen {water) has been measured by means of the pure muonic 

beam from the Dubna synchrocyclotron. The intensity of radia-
tion transitions from the mesic molecular state to the ground 

mesoatomic state {the expected lines at K- and L-series 
boundaries) has been shown to be lo-4• These results show 

that the types of decays of the mesic molecular states sug-
gested in /l, 2/ to explain the z-3 dependence of the negative 

pion charge exchange rate in hydrogeneous compounds and the 
structure of muonic X-ray spectra disagree with the experiMent 
The upper limit for mesic molecular states with respect to 

their postulated/l, 2/ properties has been discussed. 

References 

1. S.S.Gershtein et al. Uspekhi Fiz. Nauk 97, 3 {1969). 
2. L.I.Ponomarev. JINR P4-7264, Dubna (1973). 
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II.36 
DEPENDENCE OF MUONIC X-RAY SPECTRAL STRUCTURE UPON ATOMIC 

VALENCY 
K.Andert, V.S.Evseev, H-G.Ortlepp, V.S.Roganov, B.M.Sabirov, 
H.Haupt,H.Schneuwly, R.Engfer 

Joint Institute for Nuclear Research,Dubna,USSR 

Abstract 
from /1/ It follows the model of large mesic molecules that 

there must be observed the dependence of muonic X-ray spectral 
structure upon the sign and the value of the atomic valency. 
The structure of the K-series of N and S compounds where these 
atoms have -3,0,+5 and -2,0,+6 valencies, respectively, has 
been investigated by using the Dubna synchrocyclotron separat-

ed muonic beam. No dependence upon the sign and the valency 

module has been noticed for S. For both N compounds, where 
the nitrogen atom has a -3, +5 valency, a considerable reduc-
tion of transition intensities from the states with a large tl 

(with respect to the N2 case, where zero valency takes place) 
similar in the absolute value has been observed. The obtained 
results are in contradiction with the consequences on the 

large mesic molecule mo<lel. 

References 

1. S.S.Gershtein et al. Uspekhi Fiz.Nauk 97, 3(1969), 
L.I.Ponomarev, JINR P4-7269, Dubna (1973). 



STUDY OF THE REACTION f'- -l2 C ~ 4He 4He 3H n. J 

Yu.A.Batusov, S.A.Bunyatov, L.Vizireva, G.R.Gulkanyan, 

F.Mirsalikhova, V.M.Sidorov, Kh.Chernev, R.A.Eramzhyan 

II. 37 

Joint Institute for Nuclear Research, Dubna, USSR 

Abstract 

The reaction y-12c ~ 4He4He3H 1-1. ~ was investigated experi-

mentally. The upper limit of its relative probability is determined 

to be W ~ 2 °10 - 2 • Possible mechanisms of the reaction are consider-

ed. It is shown that at the probability of {l.l±<>.1)·10-2 per the 

capture act, this reaction proceeds according to the scheme predict-

ed by the ,resonance mechanisms of the Jlf - -meson capture by carbon 

nucleus. 
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II.38 

NEGATIVE MUON DEPOLARIZATION IN HYDROXIDES AND ACIDS 

V.I.Goldansky, V.S.Evseev, T.N.Mamedov, Yu.V.Obukhov, 
V.S.Roganov, M.V.Frontasyeva, N.I.Kholodov 

Joint Institute for Nuclear Research, Dubna, USSR 

The values of the residual polarization of f'-- -mesons on 
oxigen contained in hydroxides ( ~ ) and acids ( f ) have been 
measured by the muon spin precession method in the weak trans-
verse magnetic field. The periodical dependence on the atomic 
number Z has been observed. 

O/ac 
1.0 

I ZKOmHn 
0.8 ~ I/ µN•OH-HµN=O ~ 

I I 0.6 ! 0.4 fi (y 
I ;t 

0.2 / ¥-//. ~ n 
0 10 20 30 40 50 60 70 80 z 

The obtained results are explained by the concept 111 on 
the chemical reactions of the oxigen mesic atom I' N. The value 
of the residual polarization a/ac (ac is the value in carbon) 
increases from the beginning of the period to its end due to 
the weakening of the bond between the group OH and the central 
atom Z 121 and, consequently, the chemical reaction probabili-
ty with forming H -fN • O increases. This reaction stops 
the depolarization caused by the paramagnetism of the free 
atom f N electron shell. 

R e f e r e n c e s 
1. A.A.Dzuraev et al. Sov.JETP .§.§., 433 (1974). 
2. G.Seaborg. Chemistry. 1963. 



II.39 
NEGATIVE MUON DEPOLARIZATION IN THE BENZENE AND 

CARBON TETRACHLORIDE MnTURES 

V.I.Goldansky, V.S.Evseev, T.N.Mamedov, Yu.V.Obukhov, 
V.S.Roganov, M.V.Frontasyeva, N.I.Kholodov 

Joint Institute for Nuclear Research, Dubna, USSR 

The values of the residual polarization a/a0 (a0 is the 
value in carbon) of fl- -mesons in C 6H6 and C Q 4 mixtures at 
different component concentrations have been measured by the 
muon spin precession method in the weak transverse field. 

The non-linear dependence of a/ac on the concentration 
of the components has been found. It evidences for the fast 
chemical reaction of carbon mesic atom. 

The competing acceptors method in the frame of 111 gives 
the rate constant K • (1.9 ± 1.2)•1o-12 sek-1 cm) which 
coincides in the magnitude order with that of the chemical 
reactions limited by diffusion 121. 

0.3 .__ _ __._ __ __.__ __ _.___----1 

100 °/o 50°10 1QQ 01o 
C&He Cce4 

R e f e r e n c e s 
1. A.A.Dzuraev et al. Sov. JETP .§.§., 433 (1974). 
2. Advances in Radiation Chemistry. 1, 33. Wiley Intersc. 1969. 
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II.40 
SHIFTED ELECTRONIC X-RAYS FROM MUONIC HEAVY ATOMS 

W.D.Fromm, Dz.Gansorig, T.Krogulski, H.G.Ortlepp, S.M.Polikanov, 
B.M.Sabirov, U.Scnmidt 

Joint Institute for Nuclear Research, Dubna, USSR 

R.Arlt 
Technical University, Dresden, GDR 

At the separated 1u- beam of the Dubna synch1·ocyclotron mu-
onic spectra of the e~ements U, Th, Pb, Ir and Ta were investi-
gated in the low-energy region. A conventional 1234 counter te-
lescope and two-dimensional {time-energy) registration of the 
Ge(Li)-detector signals were employed. The energy calibration 
was performed by means of radioactive standards measured in the 
duration of the full experiment as random coincidences. 

The gamma-ray spectra associated with nuclear muon capture 
(delayed) show unshifted electronic X-ray groups from both Z 
and Z-1. The 1 -ray spectra associated with the muonic cascade 
{prompt) show'Jbesides muonic transitions normal X-rays from 
the target material Z and electronic X-rays close to the posi-
tions of (Z-1) X-rays but shifted by some hundreds of eV to 
higher energy. The observed ~ -shifts range from about 350 eV 
for Uranium /l/ to about 160 eV for Iridium where a similar 
shift was also revealed from the measurements at CERN /2/. 

Vacancies in the electronic K-shell are produced by muonic 
Auger transitions in the muon cascade. At n-7 where this pro-
cess mainly occurs the screening of one atomic charge unit by 
the muon is not yet complete /3/ and an energy shift of the 
X-rays has to be expected if the refilling of the electronic 
vacancies is sufficiently fast. 

Theoretical values for the shifts basing on cascade calcu-
lations with account of the refilling process are presented. 
A discussion of the role of multiple vacancies in the electro-
nic L-shell is given. 

References: 
l. R.Arlt, Dz.Ganzorig, T.Krogulski, H.G.Ortlepp,S.M.Polika-

nov, B.M.Sabirov, W.D.Fromm, U.Schmidt, H.Schneuwly, 
R.Engfer. JETP Lett.,20,635 (1974).; JINR, E6-8127{1974). 

2. R.Arlt, R.Engfer, W.D:F°romm, Dz.Ganzorig,T.Krogulski, 
H.G.Ortlepp, S.M.Polikanov, B.M.Sabirov, H.Schneuwly, 
U.Schmidt; JINR El-8504, Dubna{l974); Phys.Lett. ~ 

3. P.Vogel. Phys.Rev. ~,63(1973). 



II. 41 
STUDIES OF MUONIUM INTERACTIONS IN MONOCRYSTALLIC GERMANIUM 

V.G.Firsov, G.G.Myasishceva, Yu.V.Obukhov, V.S.Roganov 

Joint Institute for Nuclear Research 
Dubna, U S S R 

The dependence of the amplitude and the initial phase 
of the residual polarization vector of positive muons upon 

temperature and the intensity of the external magnetic field 

have been studied in monocrystallic germanium. The parameters 

of the theory of the muonium depolarization stage have been 

determined within l00-200°K. The dependence of the lifetime 

of free muonium atoms in Ge upon temperature givesthe value 
of the activation energy of muonium tran-

sition to the diamagnetic state to be as follows: 

E = 0.20 + 0.02 ev. 

References 

~ G.G.Myasischeva et al. Sov. JETP, 53,451(1967); 

D.G.Andrianov et al. Sov. JEPT 56, 1195 {1969); 
I.G.Ivanter et al. Sov. JETP 54, 559 {1968), Sov.JETP 

55, 1521 (1968); D.G.Andrianov et al. Dokl.Acad.USSR, 

201,884(1971), V.I.Kudinov et al. Sov. JETP 21,49(1975). - -
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II.42 

INVESTIGATION OF ATOMIC CAPTURE OF fu"UONS AND STRUCTURE 

OF ~IUONIC )(-RAY SERIES IN MAGNESIUM OXIDES 

V.N:Pokrovsky, L.I.Ponomarev, V.G.Zinov 

I.A. Yutlandov 

Joint Institute £or Nuclear Research Dubna, USSR. 

Intensities of muonic ){ -rays in Mg, MgO and Mg02 
targets were measured with Ge(Li) detector. Atomic capture 

of muons in the sa.me compounds was studied with Cerenkov 

detectors. The results obtained are discussed in terms of 

present models of negative muon atomic capture. 



CALCULATION OF QUASI-STATIONARY STATE CHARACTERISTICS 

OF HYDROGEN MESIC MOLECULES 

L.I.Ponom~rev, I.V.Puzynin, T.P.Puzynina 

Joint Institute for Nuclear Research, Dubna, USSR. 

II .43 

The method for solving three-body problem with the Cou-

lomb interaction developed in authors' earlier papers 11 , 21 
was employed to calculate the quasi-stationary levels of' hyd-

rogen mesic molecules. The energies and widths of all the 

quasi-stationary levels of ff/A, J. uf,14,f~, f°0,p'9<and cl..~ mesic 

molecules are found. 

1. A.V.Matveenko, L.I.Ponomarev, Zh.Eksp.Theor.Fiz. 22_, 
1597 (1970), English Transl.Soviet Phys.JETP, ~g, 871 

( 1971) 

2. L.I.Ponomarev, I.V.Puzynin, T.P. Puzynina. J.Comp.Phys. 

!J, 1 (1973). 
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II.44 
THE POLARIZATION MEASUREMENT OF STOPPED MUONS BY HANLE SIGNALS 

A. Possoz, L. Grenacs, J. Lehmann, D. Meda and L. Palffy 
Institut de Physique Corpusculaire, Universite Catholique de Louvain 

Louvain-la-Neuve, Belgium 

J. Julien and C. Samour 
Centre d'Etudes Nucleaires de Saclay, Orme des Merisiers 

Gif-sur-Yvette, France 

ABSTRACT 

The "dispersive" Hanle signal generated by the polarization of 
stopped muons in graphite is used for the measurement of the residual 
polarization of µ- in muonic 12c. 

INTRO DUCT ION 

When muons, polarized initially along the beam (z-axis), are 
subject to a transverse magnetic field Bx• the time-integrated avera-
ge transverse component Cy-component) of the polarization in the case 
of a single frequency problem is given by : 

p T(B ) µ. x 
P T -1 Joo e 

µ µ 

0 

t 

'µ sin(B .y.t)dt x 
B .y .T x µ 

2 
1 + (B .y.T ) x µ 

p 
µ 

where Pµ• 'µ and y are the residual polarization, the disappearance 
time and the gyromagnetic ratio of the muon. The relaxation rate A 
of the polarization of the muon can be taken into account by 
'µ + 1/(,-1 +A). This function of Bx• a "dispersive" Hanle signal 1 
can be de~ected with an electron counter located on the y-axis (the 
"absorbtive" signal can also be detected along the z-axis). We used 
the dispersive signal to measure Pµ of µ- in graphite. The measure-
ment was done at the muon-channel of ALS 2 with an instantaneous 
stop-rate~ 106 s-1. In order to increase the detectable effect, 
the ratio of countings RCBx) of two detectors located symmetrically, 
with respect to the target, on the y-axis,was measured (see figure). 
The results (taking A= 0 3), PµCfd) = ~ 18.0 % and P(bd) = - 18.3 % 
(7 % relative error) agree with those obtained using other methods 3 

CONCLUSION 

This signal is unaffected by the time-structure of the beam, 
its figure of merit at large stop-rates (>> T -1) exceeds that of 
the Larmor precession method. The use of theµHanle signal(s) for 
muon polarization measurements at "pion factories", at least for 
single-frequency problems, is therefore recommended. 
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MESONIC POLARIZABILITIES 

F. Cannata 

lstituto di Fisica Nucleare, Sezione di Bologna, 
lstituto di Fisica dell'Universita, Bologna, Italy 

III. l 

Polarizabi lity effects have been calculated both for the Comp-

ton scattering and for the energy shifts in exotic atoms1 ). The 

results obtained in the non relativistic quark model 2 ) agree with 

those obtained by the use of effective LagrangiansJ) in a pseudo-

potential approach; the pion and kaon electric polarizab·i lities 
(al.) are respective I y: o( 11'.± ;;t 5 • 1 o-4 fmJ , ~ k.±-;;; 3 • 1 o-4 fmJ • 

These values are sti I I too smal I to be quantitatively compared 

with the existing experimental upper limit4): OCk-<2 • 10-2 fmJ. 

The most relevant feature of the effective Lagrangian approach 

IS that it gives the relation: ex = - j-> (~=magnetic polarizabi I ity) 

for scalar or pseudoscalar charged mesons. This leads to a picture 

of charged spin zero mesons as diamagnets. F~rthermore the rela-
1 ( G'(~) 

tion </.... =- ~ gives as a consequence: ( 2it)2 j c;y-dw<.<.~ where 

rd(w) 1s the total photoproduction cross section on the spinless 

target. We stress that in a non relativistic framework the polar-

izabi lity is extremely sensitive to the charge of the constituents. 

REFERENCES 

1) F. Cannata, P. Mazzanti, unpub Ii shed. 

2) F. Cannata, Lett. Nuovo Cimento .Q, 379 (197 3). 

3) F. Cannata, P. Mazzanti and s. Zerb i ni, Lett. Nuovo Cimento 10, 
649 (197 4). 

4) G. Backenstoss, Phys. Lett. .!HJ., 431 ( 197 3). 
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The Lorentz-Lorenz Correction in Picnic Atoms and 

* Pion Condensates 

Gordon Baym 
Department of Physics 

University of Illinois 
Urbana, Illinois 61801 

and 
G. E. Brown 

NORDITA, Copenhagen 
and 

State University of New York 
Stony Brook, L.I., New York 11794 

III.2 

Calculation of the pion self energy including only pions and short-
range repulsive correlations in intermediate states produces the Ericson-
Ericson Lorentz-Lorenz correction. Extension to include p-mesons in 

intermediate states can increase this correction by more than a factor 

of 2, the precise amount depending upon the behavior of the two-nucleon 

correlation function at short distances. 

The Lorentz-Lorenz correction for pions is related to the Landau 
Fermi liquid parameter g '· A numerical value for this parameter can be 
obtained from the positi~n of the M 1 spin-flip resonance in Pb208 • 

Using this datum, we find the Lorentz-Lorenz correction to be about 
double that found by Ericson and Ericson. This implies that the pion 
self energy is reduced by ~40-45% at nuclear-matter densities. Such 
a large Lorentz-Lorenz correction strongly inhibits pion condensation 

in neutron stars. 

* Research supported in part by u. S. National Science Foundation Grant 
NSF GP-40395 and USAEC Grant No. AT(ll-1)-3001. 



4 Negative Pion Capture by He 
III.3 

K.KUBODERA,Dept. of Physics,Univ. of Pennsylvania,Philadelphia 

Barrett et al (BMMZ) 1 tecently measured various correlation 
quantities for the particles emitted in non-radiative rr--capture 
by 4He ; dcr/dpd' dcr/dpn' dcr/dpdn and dcr/d(cosedn) for the final 
d+2n channel as well as dcr/dp , dcr/dp , dcr/d(n+n missing mass) p pn 
and dcr/d(cose ) for the p+3n channel were measured. No absolute pn 
cross sections were determined. Though the geometry of their ex-
periment is limited and substantial part of the phase space is 
cut off, the observed spectra appear to have non-trivial struc-
tures. A strong peaking observed in the angular distribution 
seems of significance, too. 

In Ref. (2) we have shown that the zero-range two-body absorp-
tion model (Eckstein model) supplemented with final-state en-
hancement factors can explain all the essential features of the 
BMMZ data. It might also be mentioned that neither the simple 
final-state interaction argument nor the Eckstein model without 
final-state interactions can reproduce the assembly of the BMMZ 
data. As a typical example of comparison of the various treat-
ments we present in the Figure below the result for dcr/dpn. 
References : 
1) R.Barrett et al, Nucl.Phys. 

A216 (1973) 145. 

2) K.Kubodera, Phys.Letters B, 
in press. 
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,p I ON CAPTIJRE IN 3rJ and 3He 
A. C. PHILLIPS 

Manchester University, England 
F. ROIG 

Universidad de Valencia, Spain. 

III. 4 

1he impulse approximation provides an accurate description of 
radiative pion capture in 3rie; the corrections to the impulse 
approximation are less than 12% and are comparable with those that occur 
in related weak interaction processes. In addition there is no 
indication of a three-nucleon resonance(!). In contrast the calculations 
of non-radiative capture are unreliable; the 2-N absorption model 
predicts capture rates in 3rie that are factor of 2 too big(2). In view 
of these results and in anticipation of a new experiment( 3) we present 
the theoretical predictions for pion capture in 3ri. 1he impulse 
approximation and the 2-N absorption model give 

\S w Cn-\-~H...::> '3ct-+-r) 0.07 x lo15s-l = 0.07 + 0.02 
YJ"ft;~~-\:\~ "3"' ) (1.0~ 0.3)xl015s-l 

Alternatively charge independence can be used to obtain a result which is 
less subject to the uncertainties of the 2-N absorption model. 1he 
data on pion capture in 3He, an estimate for the 2p capture rate(2), 
and the isospin branching ratio ('TI"--t 1 "e.-·"'l"\'\"~I .... 1/,_ )/C~+~\\e.-")M~~ I:. '/2-) 
calculated using the 2-N absorption model, give 

0.07 x io15s-1 
15 -1 (0.5 ~ 0.1) xlO s 

0.14 + 0.03 

1his is an upper bound since final state interactions will increase the 
iSJspin branching ratio. 

1. P. Truoll et al, Phys. Rev. Lett. 32 1268 (1974) and 
A.C. Phillips and F. Roig, Nucl. Phys. A234 378 (1974) 

2. A.C. Phillips and F. Roig, Nucl. Phys. B60 93 (1973). 
3. H. Baer private cormnu:nication. 



NUCLEAR RESONANCES IN HADRONIC ATOMS 

M. Leon 

University of California 
Los Alamos Scientific Laboratory 

Los Alamos, NM 87544 

III.5 

The E2 nuclear resonance effect in hadronic atoms offers a way to in-
crease the hadronic information that can be obtained from hadronic x-ray ex-
periments.! The effeat occurs when an atomic deexcitation energy closely 
matches a nuclear excitation energy, so that some configuration mixing occurs. 
It shows up as an attenuation of some of the hadronic x-ray lines from a reso-
nant versus a normal isotope target. 

The effect was observed very clearly in pionic cadmium in a recent LAMPP 
experiment.2 A planned LAMPP experiment will use the nuclear resonanc~ effect 
to determine whether the p-wave ~-nucleus interaction does indeed become re-
pulsive for Z ~ 35 as predicted.3 The effect also appears in the kaonic molyb-
denum data4 taken at LBL, because several of the stable Mo isotopes are reso-
nant. 

A number of promising cases for~, K-, p, and L atoms will_be mentioned, 
and a spectacular and potentially very informative experiment on p - lOCJr.io 
will be proposed. 

1M. Leon, Phys. Lett. SOB (1974)425; ibid., 53B (1974)141. 
2J. N. Bradbury et al., Phys. Rev. Lett 34 (1975) 303. 
3M. Ericson et al., Phys. Rev. Lett.~ (1969) 1189. 
4c. E. Wiegand and G. L. Godfrey, Phys. Rev. A 9 (1974)2282. 
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u-Particle Emission Following TI- Capture in 12c. III .6 
K. 0. H. Ziock, J. Comiso, T. Meyer, and F. Schlepuetz 

Physics Department, University of Virginia, Charlottesville, VA 22901 

Indirect evidence based on the observation of y-ray emission from nuclei 
following pion absorption indicates that the de-excitation of the residual 
nucleus proceeds frequently by way of a-particle emission.l To provide direct 
evidence for this emission, we have investigated the charged particles emit-
ted from 12c following pion absorption. The negative pion beam from the 
LAMPF biomedical channel was stopped in a 0.74 mm thick plastic scintillator. 
The stopping of a pion in the scintillator provided a start signal for a 
time of flight (~t) measurement of the secondary particles.over a flight 
path of 60 cm from the target counter to a surf ace barrier detector which also 
measured the total energy Em "as measured" of the secondaries. Since the 
target is infinitely thick for a's of less than 30 MeV, this energy must be 
distinguished from the energy "as produced" Ep whose determination was the 
object of our experiment. A scatter plot of Em vs ~t clearly showed lines 
corresponding to masses 1, 2, 3, and 4. Lines corresponding to masses 6 and 
7 were barely discernible. 

While it is not possible to decide for any individual a-particle whether 
it was produced with an energy close to Em near the exit face or with a higher 
energy deeper inside the target, there is, nevertheless, sufficient informa-
tion in the complete Em spectrun to unambiguously determine the spectrum of 
the energies Ep with which the particles 
were produced in the target. As one can 
show, the spectrum "as produced" is given 
by 

1) N(E ) 
p N 

0 

v (E ) 
p 

[dR) 
2 

dE E 
p 

[
dv(E)) 

~ 
l<lEJE 

p 

where N is the normalization factor, 
v(E) is

0
the spectrum "as measured," and 

R = R(E) the range energy relation. To 
unfold our data, we fitted an analytic 
expression to the measured spectrum v(E) 
for use in Eq. 1. Figure 1 shows v(Em) 
and N(Ep)· The production rate of a-
particles integrated over all energies 
above 0.5 MeV was found to be 
R = 1.00 ± .07 a's/pion. The average 
a-energy was 4.4 ± .3 MeV. 

1 ·v. G. Lind et al., Phys. Rev. Lett. 
32, 479 (1974). 
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Kaan Absorption and Alpha Cluster III. 7 

H. Nishimura and A. Arima 
Department of Physics, University of Tokyo, Hongo, Tokyo, Japan 

This short note is point out two things1 (1) An alpha cluster in target 
nuclei (call them A) comp-etes with protons-\n absorbing a negative Kaan. 
(2) If the Kaan is absorbed by the alpha cluster, the excited states of residual 
nuclei (call them B) have very high spins. Because of very high values of 
spin, the excited states of B prefer alpha emission to neutron emission. This 
explaines the large production rate of the nucleus missing two alpha-particles. 
The residual nucleus C is already cool and can emit only an alpha particle. 

Table 1 shows the calculated spectroscopic factors SNL of the alpha cluster 
in 58Ni. The principal and angular momentum quantum numbers 09 the alpha 

cluster are N and L. The use is made of the wave functions of 5 Ni obtained 
by Auerbach and Shimizu; We assume that there exist in the nucleus B a level 
for each value of 2N+L which contains the sum rule limit of spectroscopic factor 
of the alpha cluster. 

Table 2 shows that (1) among many L with the same value of 2N+L, the higher 
value of L the larger SNL' and (2) the smaller 2N+L, the larger SNL• 

The calculation of Kaan absorption widths is done under the following 
assumptions. (1) The alpha cluster immediately leaves the nucleus B after the 
Kaon absorption. (2) The widths are calculated by a formula 

f 2 2 2 
ra=2WSNL ~NL(R) Kn~(R)R dR (1) 

where W is the imaginary part of t matrix of K-alpha scattering. ~NL is a 
single alpha particle wave function of a Woods-Saxon potential. 
~Kn~is a Kaan wave function. 

Several calculated values are shown in table (2). They show that Kaon 
absorption by the alpha cluster competes with that by the protons. 

Table 1 
2Ntl. L. ::sO 1 Z 
12 0.005 
11 
10 

9 
8 

Table 2 
proton Of7/2 2.22eV alph 2n+l=l2 0.13eV 2n+l=9 L=9 0.15 2n+L=7 0.24 

Od5/2 0.57 11 0.29 I 7 0.15 alpha total 
total 3.7 10,L=lO 0.14 total o. 6"5"_ 2.93eV 

8 0.13 8 I a. o .11 
total 0.51 6 0.11 

tota.L 0.39 -->--

Table 3 Partial width 
alpha ?neutron 

n=O,L=9 r 16k.ev 60eV 
1, 7 14keV lOOeV 
2, 5 80keV 160keV 
0 8 600keV 2kev 
1 6 244kev 20kev 
2 4 44keV lMeV 

1. R. Seki, Phys. Rev. C5 (1972) 1196, C7 (1973) 1260 
2. B. . Martin and M. Sakitt, Phys. ReV:- 183 (1969) 1352 
3. W. A. Bardeen and E. W. Torigoe, Phys. Rev. C3 1785 (1971) 
4. N. Averbach, Phys. Rev. 163 (1967) 1203 -

K. Shimizu, D. Thesis Univ. of Tokyo 173 
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AN OPTICAL MODEL ANALYSIS AND THE EFFECT OF 
L·S FORCE DUE TO STRONG INTERACTIONS IN p-ATOMS III. 8 

H. Nishimura and T. Fujita 

University of Tokyo, Department of Physics, Tokyo, Japan 

We made an optical model analysis of recently measured x-ray 
transitions for several p-atoms. The analyses(l) made so far have 
shown that effective optical potentials which give the best fit for 
the x-ray data are q~ite different from that predicted by the free 
scattering lengths(2J. Especially, the real part of the former 
potentials is strongly attractive whereas that of the latter is 
repulsive. A similar situation existing in kaonic atoms seems to 
be explained by taking into account Y~(l405) resonance just below 
the K-N threshold(3). One might be tempted to treat the problem in 
p-atoms in an analogous way. However, one knows experimentally no 
well established resonances near the p-N threshold. 

We point out that the all existing analyses neglected a correc-
tion from the spin-orbit force due to strong interactions, which is 
known to play an important role in nucleon-nucleus optical potential. 
We also notice that, though the p-nucleus optical potential form 
factor is usually assumed to be the same as the nucleon density 
distribution, it might be better to use a form factor similar to 
nucleon-nucleus optical potential. Thus we use this new type of 
form factor and, treating the strength of the real and imaginary 
part of the potential as free parameters, perform two types of 
~2-fitting: (1) both the energy shifts and widths of x-raf are con-
sidered; (2) only the widths are considered. For case (lJ, indicated 
by dashed line in the Figure, a x2-minimum obtained when the poten-
tial has a weakly attractive real part while the imaginary part is 
slightly weaker than predicted by the free scattering lengths. 

Thus the problem of the sign change of the real part still 
remains. However, if we exclude the energy shift (Case (2), shown 
by the solid line in Figure), the potential parameters just pre-
dicted by the free scattering lengths correspond to a x2-minimum. 
This is a rather surprising result. 

On the other hand, we have confirmed numerically that the 
inclusion of L·S force in the analysis of the x-ray data changes 
considerably the resulting energy shifts and widths. New experi-
ments of p-atoms including precise measurement of L.S splitting 
would be quite helpful and interesting. 

00 

References 

(1) G. Bakenstoss, et al., 
Phys. Lett. 41B(l972)552. 

(2) R.A. Bryan and R.J.N. Phillips, 
Nucl. Phys. 1!5.(1968)201. 
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Panofsky Ratio in 3He 
M.Mizuta, Y.Kohyama and A.Fujii 

III.9 

Physics Department, Sophia University, Tokyo, Japan 

The charge exchange and radiative capture rate of n::--in 
3 He leading to 3 H is calculated by the nuclear physics 

approach. The effective hami1tonian is obtained by the non-
re1ativistic reduction of the C.G.L.N. amplitude, the trion 
( 3 He - 3 H ) wave :function is assumed of the form 

~ = lf3; :£5 + JP";., ~.S' + ~ ~DJ 
and the Irving or Irving-Gunn type radial dependence is 
adopted. The initial pion orbital is either ls or 2p state. 
The nuclear matrix elements a11ow fully analytic integration 
and yield the fo11owing capture rate for the choice Ps = 

0.90, P5,=0.02, PC> =0.08, and R 0 = 1.2, 1.5 where Rn is 
the ratio of the D state and S state radius. P( ls ) is 
the Panofsky ratio for ls orbital capture only and P is that 
with the correction due to the 2p orbital capture. In case 
I the Irving type is adopted for a11 states, and in case II 
the Irving-Gunn type is assumed for S state but the Irving 
type for the other states. The units are 1015 sec-' for the 
ls capture and 10 10 sec-' for the 2p capture. 

Case I Case II 

R 1> = 1.2 1.5 1.2 1.5 
lV ?C"11 ( 1s) 9.21 9.20 9.09 9.06 
W,r (ls) 3.34 3.32 2.91 2.84 
W7ro(2p) 0.285 0.276 0.236 o.2i8 
w l (2p) 1.12 1.13 0.943 0.925 
p (ls) 2.76 2.77 3.12 3.19 
p 2.63 2.63 2.99 3.06 

The experimental Panofsky ratio is 2.68 ± 0.13. 
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I II .10 
COMPARISON OF PION-INDUCED NUCLEAR REACTIONS WITH SPALLATION REACTIONS 

H. Ullrich, H.D. Engelhardt and C.W. Lewis 
CERN, Geneva, Switzerland, and IEKP, University of Karlsruhe, Germany 

Nuclear reactions induced by stopped TI have been studied via in-beam 
y-spectroscopy on the nuclei 160, 19F, 31 P, and ~ 0 ca. A large variety of resi-
dual nuclei have been observed which correspond to the removal of up to 10 nu-
cleons. Figure 1 shows the sununed yields per stopped pion for all four target 
nuclei as a function of the number of removed nucleons. The distribution shows 
a maximum at two nucleons, as expected. However, the yields for the removal 
of more than two nucleons are comparable, and lie surprisingly well on a straight 
line in the logarithmic presentation of Fig. 1. This behaviour suggests a com-
parison with spallation reactions which are well described by Rudstam's empiri-
cal formula 1 ): a(Z,A) ~exp [PA-R(Z-SA) 2 ], where Z and A are the atomic number 
and mass of the residual nucleus, and the parameters P, R, and S have been de-
termined by Rudstam. The parameter P depends mainly on the energy of the pro-
jectile, but not on its type. The data in Fig. 1 can be fitted with P = 0.14, 
corresponding to 500 MeV. Also shown is a line with a slope P = 0.43 ± 0.13, 
corresponding to 140 MeV (m c2 ). 

TI 

The Z-dependence should have a Gaussian distribution, exp [-R(Z-SA) 2]. 
The predicted distribution with S = 0.486 and R = 2.8 for our range of residual 
nuclei is shown in'Fig. 2. A least-squares fit for our data gives R = 3.7. 

The comparison indicates a strong similarity between reactions induced by 
pion absorption at rest and spallation reactions. The A-distribution of our 
data, however, corresponds to spallation data with 500 MeV projectile energy. 
This difference is most likely due to the peculiarity of the pion interaction 
during the first step of the nuclear reaction. 
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NUCLEAR y-RAYS FROM KAONS STOPPED IN 27Al 

C. J. Batty, S. F. Biagi, R. A. J. Riddle, A. Roberts, 
B. L. Roberts, D. H. Worledge 

Rutherford Laboratory, Chilton, Didcot, U.K. 

N. Berovic, G. J. Pyle, G. T. A. Squier 
Physics Department, University of Birmingham, U.K. 

A. S. Clough, P. Coddington, R. E. Hawkins 
Physics Department, University of Surrey, U.K. 

III.11 

Lack of knowledge of the kaon-nucleus interaction has so far limited 
the usefulness of data obtained from kaonic atoms in providing nuclear 
structure and size information. In an attempt to provide additional data 
we have observed nuclear y-rays in coincidence with stopping kaons. Data 
were taken for three thicknesses (3, 5 and 8 gm/cm2) of Aluminium in order 
to study the possible role of multiple interaction processes in the target. 
The y-rays observed are used to identify the residual nucleus and thus to 
add information about the kaon interaction with the target. 

The 1.83 MeV y-ray from 26Mg is clearly observed but the corresponding 
y-ray from 26Al at 1.81 MeV has not been observed above the statistics. 
We estimate the latter transition to be at least an order of magnitude 
weaker indicating that removal of a single proton is much more likely 
than single neutron removal 1• Other lines observed with strengths 
comparable to that for 26Mg are from 23Na, 21 Ne and 19 F corresponding to 
residual nuclei with an a, a+ d and 2a respectively less than 27Al. Much 
weaker lines are observed from 24Mg and 22Ne. The yields of all these 
lines vary linearly with target thickness indicating that multiple 
processes do not contribute significantly. The results will also be 
compared with similar pion experiments 2 • 

1. P. D. Barnes et al. Phys. Rev. Lett.~' 230, (1972). 

2. D. Ashery et al. Phys. Rev. Lett. 32, 943, (1974). 
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STRONG INTERACTION EFFECTS IN KAONIC ATOMS 

C. J. Batty, s. F. Biagi, R. A. J. Riddle, A. Roberts 
B. L. Roberts, D. H. Worledge 

Rutherford Laboratory, Chilton, Didcot, U.K. 

N. Berovic, G. J. Pyle, G. T. A. Squier 
Physics Department, University of Birmingham, U.K. 

A. s. Clough, P. Coddington, R. E. Hawkins 
Physics Department, University of Surrey, U.K. 

-

III.12 

X rays from atoms formed by stopping K mesons from a separated kaon 
beam (momentum 600 Mev/c ± 1.5%) at the Rutherford Laboratory, have been 
observed from targets of S, Co, Ni, Zn, Ag, Cd, In, Sn, Ho, Yb, and Ta. 
These targets were chosen so that the last observed X-ray transition would 
be measurably broadened and shifted in energy by the K--nucleus strong 
interaction. The 6h to 5g transition was experimentally resolved from the 
adjacent n = 8 to n = 6 transition by using a high resolution, large volume 
lithium drifted germanium detector, even though this energy difference is 
less than 1%. In S the 4f to 3d transition was well resolved from the 
adjacent n = 8 to n = 4 and n = 9 to n = 4 transitions by using a 4 cm3 

high resolution Ge(Li) X-ray detector (600 eV fwhm at 122 keV). These 
data have been interpreted in terms of a kaon-nucleus optical potential as 
discussed by Sekil. The results are in general agreement with the 
predictions of Seki and Kunselman2 • 

The data from Ho, Yb, and Ta, where the 7i to 6h transitions are 
broadened and shifted, are more difficult to interpret since the splitting 
of the atomic levels due to the static quadrupole moment of the nucleus is 
much greater than the corresponding strong-interaction broadening. This 
is discussed in more detail in a companion paper. 

1. R. Seki. Phys. Rev. CS, 1196, (1972). 

2. R. Seki and R. Kunselman. Phys. Rev. C7, 1260, (1973). 



QUADRUPOLE HYPERFINE STRUCTURE EFFECTS IN EXOTIC ATOMS 

C. J. Batty, S. F. Biagi, R. A. J. Riddle, A. Roberts, 
B. L. Roberts, D. H. Worledge 

Rutherford Laboratory, Chilton, Didcot, U.K. 

N. Berovic, G. J. Pyle, G. T. A. Squier 
Physics Department, University of Birmingham, U.K. 

A. S. Clough, P. Coddington, R. E. Hawkins 
Physics Department, University of Surrey, U.K. 

For nuclei with ground state quadrupole 
deformation the electromagnetic central force 
experienced by the orbiting particle can be 
expressed as a series multipole expansion. 
In exotic atoms the L = 2 component causes a 
hyperfine splitting of the energy levels which, 
unlike in the atomic case, can be significant 
compared with the binding energy. This effect 
is due to the Bohr orbit of the particle being 
much closer to the nucleus than in normal atoms. 

Observations of this splitting in pionic 
atoms have been reported1 , 2 • We have obtained 
data for pionic and/or kaonic holmium, tantalum, 
ytterbium, hafnium and bismuth. The splitting 
is clearly visible in the holmium and tantalum 
data. An example is shown in the figure for 
the n = 8 to n = 7 transition in kaonic tantalum. 
The data have been analysed to yield quadrupole 
moments. The effect of the nuclear deformation 
on the kaon-nucleus strong interaction is being 
considered. 

1. 

2. 

R. A. Carrigan et al. 
25B, 193, (1967). 

P. Ebersold et al. 
53B, 48, (1974). 

Phys. Lett. 

Phys. Lett. 
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' * PHOTON SPECTRUM IN PION CAPTURE ON TRITIUM III.14 

H. W. BAER, Case Western Reserve Univ.; J. A. BISTIRLICH, S. COOPER 
and K. M. CROWE, Univ. of California LBL; J. P. PERROUD, Univ. of 
Lausanne; R. H. SHERMAN, Los Alamos Scientific Lab.; F. T. SHIVELY, 
Univ. of California LBL and LASL; and P. TRUOL, Univ. of Zurich. 

Radiative ~- capture on the isotopes of hydrogen 1H, 2H, and 3H provide an 
l unusually clear example for study of the nuclear force. Measurements on H 

provide a detennination of the ~N coupling strength and link ~N scattering to 
photo-pion production via the Panofsky ratio. Data on 2H first detennined the 
odd intrinsic parity of the pion and currently provides the basis for one of 
the most accurate values of ann (neutron •s scattering length). The importance 
of data on 3H for study of the nuclear force in a pure I = 3/2, three nucleon 
system at low relative momenta has long been realized, but measurements were 
not perfonned due to the great amounts of tritium required. We report here the 
first measurement on the 3H (~-,y)3n reaction. The experiment was perfonned at 
the Clinton P. Anderson Meson Physics Facility using a 5.88g liquid tritium 
target (with radioactivity of 5.7 x 104 Curie}, a high resolution electron-
positron pair spectrometer, and a ~- beam of good momentum resolution and small 
achranatic spot size produced at the extended low-energy-pion (LEP) channel. 
To obtain an accurate nonnalization, two identical target cells filled with 
liquid 1H and 3H were mounted on a mobile boom, thereby allowing rapid inter-
change of targets. The 1H data provide calibration of the pair spectrometer 
detection efficiency between 50 and 150 MeV (via the Panofsky ratio), the reso-
lution at 129.4 MeV, and the ~ stopping rates. A spectrum of ~3000 events of 
the 3H (~-,y)3n reaction with stopped pions was obtained in an 8-day run. 
The spectrum shape and branching ratio will be compared to calculations1 

for radiative/total absorption rates from the ls Bohr orbit which are related 
by charge independence to the 3He(~-,y) 3H data, and which use the 2N absorp-
tion model to calculate the total ls width. 

* Research supported in part by the U. S. Atomic Energy Camnission and ERDA. 
1 A. C. Philips, private communication (1975). 



III.15 
STUDIES OF STRONG INTERACTION EFFECTS IN ANTIPROTONIC ATOMS.* 

C. Cox, M. Eckhause, J. Kane, M. Rushton, W. Vulcan, R. Welsh, COLLEGE OF 
WILLIAM AND MARY, Williamsburg, Va. 23185; J. Miller, R. Powers, CALIFOR-
NIA INSTITUTE OF TECHNOLOGY, Pasadena, Cal. 91109; P. Barnes, R. Eisen-
stein, and R. Sutton, CARNEGIE-MELLON UNIV., Pittsburgh, Pa. 15213; 
W. Lam and D. Jenkins, VIRGINIA POLYTECHNIC INSTITUTE, Blacksburg, Va. 
24061; T. King, R. Kunselman and P. Roberson, UNIV. OF WYOMING, Laramie, 
Wyo. 82070. 

We have collected x-ray spectra from the antiprotonic atoms 6Li, 7Li, 
C, Si, S, P, Fe, Y, Zr, Yb, and Cs. The data were collected at the 
Brookhaven AGS using a 750 MeV/c antiproton beam. Approximately 330 anti-
protons stopped in a given target (5-8 gr/cm2) per 1012 protons in-
cident on the production target. The x-rays were observed using both 
planar (1 cm3) and co-axial (50 cm3) Ge(Li) detectors; resolutions were 
0.6 keV at 122 keV and 1.1 keV at 279keV, respectively. 

The data are being examined for evidence of strong interaction 
shifts and line broadenings in the atomic transitions. The results of 
analysis will be presented and compared to available p- nucleus optical 
models. 

* Work supported by ERDA and NSF. 
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III .16 
Fundamental Properties of K-, p and E- from Exotic Atoms * 

G. Dugan, Y. Asano, M.Y. Chen, s. Cheng, E. Hu, 
L. Lidofsky, W. Patton, c.s. Wu 

Columbia University, New York, N.Y. 10027 

v. Hughes, D. Lu 
Yale University, New Haven, Conn. 06520 

Hadrons from the low-energy separated beam of the Brook-
haven AGS were stopped in Pb and U targets to form hadronic 
atoms. The energy spectra of the hadronic atoms were measu-
red to high precision using Ge(Li) spectrometers. The data 
acquisition system was computer controlled and stabilized: 
the energy calibration spectrum was taken simultaneously 
with the data spectrum. The experimental transition energies 
were corrected for ADC nonlinearities and data-
calibration spectrum shifts, as well as the presence of 
unresolved noncircular transition contaminants. Experimental 
energies were determined for the six circular transitions 
(n=l3-n=l2 through n=8-n=7) of the K-Pb atom, six circular 
transitions (n=l6-n=l5 through n=ll-n=lO} of the p-Pb atom, 
and four circular transitions (n=l5-n=l4 through n=ll-n=lO), 
of the E--Pb atom. The energies of these transitions were 
computed from quantum electrodynamics, including all signi-
ficant orders of vacuum polarization, electron screening and 
nuclear polarization. The masses of K-, p and E- were 
adjusted to achieve a best-fit with the experimental energies: 
the results were: ~- = 493.668 + 0.014 MeV: mp= 938.155 + 
0.053 MeV: mE_ = 1197.24 ~ 0.14 MeV. The fine structure 
splitting of the transitions (n=ll-n=lO) in p-Pb and p-U 
atoms, and the (n=l2-n=ll) transition in E--Pb atoms, were 
analyzed to determine the magnetic moments of p and~-. 
The results were: u- = -2.790 + 0.021 n.m.: ·p 

+0.41 

t-1.40_0 _28 n.m. 

µz-= or +o 28 
0.65_ 0 : 40 n.m. 

Finally, energy shifts from the QED predictions were observed 
for the principal circular transitions in K-u and pU atoms. 
These shifts were shown to be due to the dynamic E2 effect, 
such as has been observed in muonic atoms. 
* Research supported in part by the National Science 

Foundation. 



III.17 
NUCLEAR SPECTROSCOPIC QUADRUPOLE MOMENTS FROM MUONIC AND PIONIC 
ATOMS 

W. Dey, P. Ebersold, B. Aas, R. Eichler, H.J. Leisi, W.W. Sapp 
and F. Scheck*) 
Laboratory for High Energy Physics, Swiss Federal Institute of 
Technology Zurich, c/o SIN, 5234 Villigen, Switzerland 
*)and SIN 

ABSTRACT 

We have analyzed the quadrupole splitting of the 4f-3d, 
5f-3d, and 5g-4f X-ray transitions in muonic 175 Lu 1). This 
analysis permits a precise determination of the ground state 
spectroscopic quadrupole moment Q 2). The data were corrected 
for small effects of the finite nuclear size, the dynamical 
nuclear excitation, nuclear polarization, vacuum polarization, 
M1 and E4 hyperfine interaction and X-ray transitions between 
non-circular orbits. The results are displayed in Table I. 

The quadrupole splitting of states in pionic atoms is, 
in addition to the electromagnetic part, also affected by the 
pion-nucleus interaction 3). Using a measured value for the 
strong-interaction shift £ 0 , one can extract Q in a nearly 
model-independent fashion from the observed quadrupole split-
ting (see ref. 4). We have analyzed the 5g-4f transition in 
pionic 175 Lu, taking into account the small effects of the 
finite nuclear size and of distortions of the pionic wave 
function due to the strong interaction 5). The result, along 
with that for 165 Ho, is shown in Table I. The strong interac-
tion shift and width of the 4f level in TI 17 ~Lu are found to 
be £

0 
= 0.67(7) keV and f 0 = 0.23(7) keV, respectively. 

Table I Ground state spectroscopic quadrupole moments 
of 175 Lu and 165 Ho 

Isptope Transition Q(b) Reference 

l75Lu µ 4f-3d 3.49(2) ( 1 ) 
µ 5f-3d 3.49(5) ( 1 ) 
µ 5g-4f 3.49(5) ( 1 ) 

l6sHo 
TI 5g-4f 3.47(7) ( 5) 
TI 5g-4f 3.47(11) ( 4) 

REFERENCES 
1) W. Dey, Thesis ETHZ (1975) (unpublished) 
2) H.J. Leisi et al., J. Phys. Japan Suppl. 34, 355 (1973) 
3) F. Scheck, Nucl. Phys. 842, 573 (1972) 
4) P. Ebersold et al., PhyS:-Letters 538, 48 (1974) 
5) P. Ebersold, Thesis ETHZ (1975) (unpublished) 
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III.18 

OBSERVATION OF NUCLEAR ROTATIONAL SPECTRA IN PION CAPTURE ON 
115 LU AND 165 HO 

P. Ebersold, B. Aas, W. Dey, R. Eichler, H.J. Leisi, W.W. Sapp 
and H.K. Walter 
Laboratory for High Energy Physics, Swiss Federal Institute of 
Technology Zurich, c/o SIN, 5234 Villigen, Switzerland 

ABSTRACT 
1 1 ) In experiments designed to study X-rays of pionic atoms of 75 Lu 

and 165 Ho 2) we have observed a large number of nuclear y rays. 
They can be assigned to even isotopes of Yb and Dy, and corres-
ponds to E2 transitions between the members of the ground-state 
rotational band. Rotational states with spins up to I=12+ have 
been seen. We interpret these y rays as arising from the reactions 

175 Lu(TI-, xn) 175 -xYb* and 165 Ho(TI-, xn) 165 -xDy*. 

Isotopes in the final state corresponding to neutron numbers x 
3,5,7,9, and 11 in the case of Lu have been observed. 

From the measured intensities of the y rays the following obser-
vation can be made: 
i) The E2 transition intensities within the rotational band in-

crease as one approaches the nuclear ground state. Hence indi-
vidual rotational levels are fed not only by the preceeding 
rotational transition but also by highly excited nuclear 
states. 

ii) For each target nucleus the yields of the isotopes in the fi-
nal state follow an evaporation-type distribution, with a 
maximum at x=7 in the case of 175 Lu and x=5 in the case of 
1ssHo. 

iii) Comparing the intensities of the nuclear y rays with the in-
tensities of the pionic X-rays we conclude that pion capture 
in these nuclei is dominated by the observed capture reac-
tions, i.e. by multiple neutron emission. 

REFERENCES 

1) P. Ebersold, Thesis ETHZ (1975) (unpublished) 
See also abstract "Quadrupolmoments from muonic and pionic 
atoms", submitted to this conference. 

2) P. Ebersold et al., Phys. Letters 53B, 48 (1974) 
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ISOTOPIC EFFECTS IN ANTIPROTONIC ATOMS 

H. Koch*), G. Backenstoss**), P. Bliim*), W. Fetscher*), R. Hagelberg*), 
A. Nilssont), P. Pavlopoulostt), H. Poth*), I. Sick**), 

L. Simonstt), L. Tauscher**) 

The measurement of strong interaction effects in antiprotonic atoms 
(shifts, widths, intensities of X-ray lines) yields information about the 
total amount of nuclear matter (protons and neutrons) present in the nuclear 
tail. The existing data can be analysed in terms of an optical potential, 
but it turns out that the relative amount of antiprotons absorbed on protons 
and neutrons cannot be deduced from the data. This number, however, is very 
much needed if one wants to interpret the data in terms of neutron distribu-
tions alone. A very elegant method of determining this ratio is the measure-
ment of isotopic effects, if isotopes with known proton and neutron distribu-
tions are chosen. 

We report here about the first measurement of isotopic effects on 
~- 16 o/ 18 o. The experiment was performed at the CERN Proton Synchrotron with 
two targets of 180 g D2

16 o and D2 18 0, respectively. To reduce the syste-
matic errors to nearly zero, both targets were of exactly the same shape and 
were interchanged after several bursts, so that the beam distribution and the 
absorption corrections were identical in both targets. The water was encloised 
in Ti boxes, which gave excellent calibration lines. Preliminary results are 
obtained for the difference of the energy shifts of the n = 3 level and the 
ratio of the absorption widths of the n 4 level : 

E1s - E1e = (57 ± 50) eV; f1s/f1e = (0.74 ± 0.15). 

For the comparison of the data with calculations, proton and neutron 
distributions derived from electron scattering, muonic atoms, and binding 
energy data were used. The result is that the assumption of equal antiproton 
absorption on the proton and neutron of the nucleus seems to be justified. 

*) Institut fur Experimentelle Kernphysik, Universitat and Kernforschungs-
zentrum, Karlsruhe, Germany. 

**) Institut fur Physik, Basel, Switerland. 
t) Research Institute for Physics, Stockholm, Sweden. 

tt) CERN, Geneva, Switzerland. 
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The K- Nucleus Optical Potential 

s. Y. Lee 
Department of Physics 
National Central University 
Chung Li, Taiwan, R. O.China 

III. 20 

The K- nucleus optical potential have puzzled us !or years 
(H. Koch, Messungen an Kaonisehen Atomen, preprint KFK-ExtJ/ 
73-3). The widths and shifts or the kaonic atoms can not be 
explained by a stmple multiple scattering expansion, where the 
first order optical potential is simply UOpt== t+'""e·Pft') • There 
are already many recipes resolving this ambiguity. One promissing 
resolution is taking the binding energy effect of the nucleons 
and the kaon into account in the optical potential (M. Alberg, 
E. M. Henley and L. Wilets, Phys. Rev. Lett • .J.Q,255,1973). 
However the kaon interacts mainly with nucleons near the nuclear 
surface, the above mentioned resolution is not appearing. On 
the other hand, the data through the periodic table can equally 
fitted by the optical potential or 'U. opt.= t~- pc.-, + o. ~ with 
only one tree parameter (J. Hufner, H. Schmidt ands. Y. Lee, 
unpublished). To !ind justification o! this optical potential, 
we calculated the ditterential cross section tor the K- at 
JOO MEV/C on the oxygen target and then compared with the 
ditterential cross sections calculated from other potentials. 
Possible experiments are suggested to pin down this problem. 



III.21 
THE STUDY OF THE RELATIVE CHANGE OF THE CHARGE BY HYDROGENE ATOMS 
IN TRANSITION METAL HYDRIDES 

M.F.Kost, V.I.Mikheeva, L.N.Panurets, A.A.Chertkov 

Institute of General and Inorganic Chemistry, USSR Academy of 
Sciences, Moscow, U S S R 

Z.V.Krumshtein, V.I.Petrukhin, V.M.Suvorov, I.Yutlandov 

Joint Institute for Nuclear Research, Dubna, USSR 

Abstract 

The capture rate of negative pions in hydrogen is measured 

in hydrides of some transition and near-transition metals. These 

data have allowed to establish the electron density near protons 

shown to be almost two times larger in ionic hydrodes than in 

metallic ones. The relative change in electron density in hydrogene 

atoms has been determined_ by moving from the 2nd group metals to 

the 5th group of periods IV-VI in the Periodic Table. The relative 

difference in the electron density of hydrogene atoms is determined 

by dihydride-trihydride pairs for Y, La, Ce and Er. 
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THE STUDY OF NEGATIVE PION TRANSFER IN C H + Z MIXTURES m n 

V.M.Bystritsky, V.A.Vasiljev, I.Galm, V.I.Petrukhin, 
V.E.Risin, V.M.Suvorov, B.A.Khomenko 

Joint Institute for Nuclear Research, Dubna,USSR 

Abstract 

The !Jt:meson transfer from hydrogen to atoms Z is 
studied in the mixture of 

Ar, Kr and Xe. The </\ ? 
and the obtained </\ Z) = 

C H + Z type, where Z = He, Ne, m n 
transfer rates have been measured, 

f (Z) relation makes it possible 
to estimate the transfer contribution to the suppression of 

meson capture by hydrogen atoms in hydrogen compounds. 



III.23 
THE STUDY OF THE NEGATIVE PION TRANSFER TO CARBON IN ORGANIC 

MOLECULES 

V.I.Petrukhin, V.V.Risin, I.F.Samenkova, V.M.Suvorov 

Joint Institute for Nuclear Research,Dubna,USSR 

Abstract 
A difference is observed between the rates of negative 

pion transfer to carbon atoms of organic molecules in the 

saturated aliaphatic series C H and the mixed gases H -+C H • m n 2 m n 
This difference is shown to be originated in the different 

excitation energies of hydrogen mesoatoms formed in free hyd-

rogen (H2 ) and in chemically bound one (C H ). Neither the m n 
grouping of atoms Z in the molecules, nor their encirclement 

by hydrogen atoms, nor the particular properties of the 

chemical bond among atoms Z seem to have any effect on the 

transfer process. 
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NEGATIVE PION CAPTURE BY HEAVY NUCLEI 

S.R.Avramov, V.S.Butsev, D.Chultem, Yu.K.Gavrilov, 
Dz.Ganzorig, S.M.Polikanov 

III.24 

Joint Institute for Nuclear Research,Dubna,USSR 

The stopped pion capture by Bi, Pb, Hg, Au, Pt, Ta nuclei 
has been investigated by using the bio-medical pion beam from 
the Dubna synchrocyclotron/l/. A wide distribution of the 

neutron multiplicity has been observed in the (9l-, xn) reac-

tions. Mostly, high-spin states are excited in these reac -
tions/2,3/: 204mPb(9-), 202mPb(9-), 20lmPb(13/2+), 199mPb 

(13/2+), 197mPb(l3/2+), 198mT1(7+), 196mT1(7+), 193mT1(9/2-), 
19lmTl( 9/ 2-), 200~u(l2-), 198mAu(l2-), 196mAu(l2-), 194mPt 

(> 10), 190mPt(~l2+), 190mir{ll-), 186mir(ll-), 177mHf(37/2-) 

Among the products of negative pion capture the isotopes 
having (Z-2) and (Z-3) have been also found. These isotopes 
may be produced either in the radiative decay of (Z-1) nuclei 
or as a result of charged fragment emission. It is possible 
that some of them are due to the decay of new high-spin 
nuclear isomers. 

References 
1. V.M.Abazov et al. Preprint JINR, Pl3-8079, Dubna, 1974. 
2. V.S.Butsev et al. Abstracts of the XXV Meeting on Nuclear 

Spectroscopy and Nuclear Structure, Leningrad, 1975, 

PP• 147, 149, 150. 
3. V.S.Butsev et al. Preprints JINR, E6-8535; P6-8541, 

Dubna, 1975. 



Radiative pion capture by 6 Li 
R.A.Sakaev, R.A.Eramzhyan 

III. 25 

Joint Institute for Nuclear Research, Dubna 

In the framework of the shell model~(9i;o)process is in-
Table 1. Yield ( /1 % ) of 6He vestigated. The capture takes 
in radiative capture 1·rom s-
-and p-mesoatomic states 

f13 % O.f2 Q51 
RP% aCYr 0.31 

% a10 o. 
1l1able 2. Yield ( R .% ) o:t' 6He 

100 

place f'rom s-and f'rom p-shell 
of mesoatom. Transitions to 
the positive and giant reso-
nance states are considered. 
The picnic wave function is 
calculated from the Klein-Gor-
don equation with the Kisslin-
ger-Erison potential. The radi-
ative branching ratio fl ==Rs+Rp , 
where Rs =A1s·Ws/f1s 
R p= A2p· Wp/fip and ~ = 0.4 

fJJp=0.6 f1s:0.194~"11 f2p= Qt>/514 
in good agreement with experi-
mental data. R% 

a.3 

at 

1{0 f30 
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Experimental Search for Condensed Nuclear States 

S. Frankel and W. Frati 
Department of Physics 

University of Pennsylvania 
Philadelphia, Pennsylvania 19174 

O. Van Dyck and R. Werbeck 
Clinton P. Anderson Meson Physics Facility 

Los Alamos, New Mexico 87544 
V. Highland 

Department of Physics 
Temple University 

Philadelphia, Pennsylvania 19122 

III. 26 

Backward (180°) elastic scattering of 800 and 600 MeV protons at 
LAMPF has been used as the experimental tool to search for the presence 
of nuclear states of very high binding, suggested by Feenberg and Primakoff 
and by Lee and Wick. Among the targets used were a Au foil irradiated 
by ,.., 3 x 1017 300 GeV protons at Fermi lab, and a Pt target which was for 
many years the internal target for the 3 GeV protons at PPA. 

No evidence for condensed nuclear states was observed, and an upper 
limit of condensed nuclei per normal nucleus will be presented. 



III. 27 
Instability of Neutron Star Matter for Pion Condensation 

Y. Futami, Y. Takahashi and A. Suzuki 
Science University of Tokyo, Shinjuku-ku, Tokyo, Japan 

The following statement is well-known; if an approximate 
eigenmode satisfying the RPA equation possesses compiex frequencies, 
then the Hartree-Fock state becomes unstable with respect to the 
corresponding collective oscillations} We would like to discuss 
the problem or pion·condensation from the viewpoint of collective 
oscillations. In our case, the Hartree-Fock state is neutron star 
matter in which all the single-particle states are filled by neutrons 
up to the Fermi momentum set by the total nucleon density. For 
simplicity, let us consider the Hamiltonian which consists of a kinetic 
energy of nucleons, the pion energy and the p-wave part of the ~-N 
interaction. In order to investigate the instability with respect to 
the appearance of condensed 'lb with momentum It, we introduce an operator 

sC-)• = x(-) ,1.,C-)• + x<-> ,.h(+) + s(p.h.)* (1) 
k l,k Tk 2,k T-k k 

where c:p(±) is the field operator for pions, X's are the coefficients, 
and the last term represents the particle-hole operator coupled with 
pion fields in the interaction Hamiltonian. From the RPA equation 

h 

( H , S~ - ) • ) = U) S~ - ) • ( 2 ) 

we can obtain the eigenvalue equation 
for the energy of 'JG- in neutron star 
matter. These eigenfrequencies are 
represented by points in Fig. 1. 
The instability occurs at such a 
density that the minimum point between 
P and Q is raised to touch with the 
dotted line. Thus the instability 
condition is given by 

2 l(J : 4 r- k!l. I: e ( qE -q ) ( ) 
c .O.m~ ~ (we+ Eq-k -Eq_ P- • 3 

Fig. l. Graphical analysis of 
the eigenvalue equation for Eq. (3) is the Migdal's criterion for 
the energy of '/G-. The region the appearance of condensed negative 
of oblique lines represents pions.i Next we consider the 
the continuous spectra. Hamiltonian for only the1Z'.l- field with 

- A 

other pion fields. 
the critical density 
similar with Eq. (3) 
field method.a 

_ single momentum X=-kz, neglecting the 
In this case, within an approximation of w+ER»k~n 
which is determined from the instability condition 
agrees with the one obtained by use of the mean 

l. 
2. 
3. 

K. Sawada and N. Fukuda, Prog. Theor. Phys. ~' 653 (1961). 
A. B. Migdal, Phys. Rev. Lett. ,21, 257 (1973-Y:-
R. F. Sawyer and D. J. $calapino, Phys. Rev. ]22, 953 (1973). 
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ON ABNORMAL NUCLEAR MATTER 

E. NYMAN and M. RHO 
Service de Physique Theorique 

Centre d'Etudes Nucleaires de Saclay 
BP n°2 - 91190 Gif-sur-Yvette 

France 

I II. 28 

We have studied the suggestion of T.D. Lee that at some density greater 

than that of normal nuclear matter, an abnormal state with vanishing nucleon 

mass and a larger binding energy could exist. The original calculation, 

based on the <Y-model Lagrangian and interactions mediated by the scalar 

meson in semi-classical (tree) approximation, indicated that such a state 

could exist already at a few times the normal matter density. We consider 

quantum corrections to this, and have evaluated all one-loop graphs, as 

well as what we consider to be the most important two-loop diagram. Suitable 

renormalizations render the results finite. In normal nuclear matter, this 

set of graphs leads (in non-relativistic approximation) to the Hartree-Fock 

energy plus the correlation energy approximated as a sum of ring diagrams 

(i.e. random phase approximation). 

In the tree-approximation, the <Y-model Lagrangian leads to a three-body 

force which is too strong to be consistent with the conventional theory of 

nuclear binding energies. However when loop corrections are included, the 

strength of the three-body force becomes very sensitive to the parameters 

of the theory. We have chosen the mass of the <Y-meson (which is an arbitrary 

parameter) such that the three-body force is negligibly small in normal nu-

clear matter. Approximating the singularities of the self-energy of the me-

son in medium by a single pole, we have been able to make an analytic calcu-

lation of the one- and two-loop contributions to the energy density. Our 

preliminary results indicate that the quantum corrections could make a 

qualitative change in the structure of the abnormal state. 
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P-D elastic scattering at large angle 
IV.A. I 

H.Tezuka & M.Yamazaki 
Depertment of Physics, Tokyo Institute of Technology 

Recent experiments show that there exists a large backward peak 
in the differential cross section of p-d elastic scattering in the 
GeV region. To explain this peak, some theoretical calculations 

have been reported. 1..2. 3> 
P d We have adopted the phenomenological model 

which connects the p-d differential cross section 
to that of X-N through the left Feynman graph. 
Then the p-d differential cross section is given 
by 

where J is a free parameter and we adopt the value of 1.03. The 
notations of this equation are the same as Barry's;t> Comparing with 
the data of Berkeley:) we get good agreements at deuteron incident 
momenta 6.60GeV/c and 5.75GeV/c, but at 4.50GeV/c the calculated 
cross section is too small compared to the experimental data. This 
disagreement seems to be for lack of the f meson contributions. As 
this effect is doubly included in our model, our calculated values 
are smaller than those of Craigie-Wilkin. 

1) A.K.Kerman & L.S.Kisslinger :Phys.Rev. 180(1969)1483 
2) N.S.Craigie & C!Wilkin :Nucl.Phys. B14(1969)477 
3) J.S.Sharma, V.S.Bahasin & A.N.Mitra :Nucl.Phys. B35(1971)466 
4) G.W.Barry :Ann.Phys. 73(1972)482 
5) L.Dubal et al. :Phys.Rev. D9(1974)597 
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NON-EIKONAL CORRECTIONS TO THE GLAUBER MODEL 
AND PROTON-He4 SCATTERING AT 1 GeV 

M. Bleszynski and T. Jaroszewicz 

IV .A. 2 

Institute of Nuclear Physics, 31-342 Krak6w, Poland 

A multiple scattering formula is discussed which gives the 
corrections to the Glauber model at medium energies, coming 
from the non-eikonal propagation of the projectile through the 
nucleus. The formula is derived from the Watson series assuming 
(i) the fixed scatterers approximation and (ii) the specific 
prescription for the off-shell continuation of the t-matrix el-
ements for the scattering on the target nucleons /such that 
they depend on the momentum transfer only/, together with putt-
ing the resccatering terms /i.e. terms in whlch a given nucleon 
is struck more than once by the projectile/ equal to zero. The 
approximation (ii) is quite well motivated at energies of order 
1 GeV /see the accompanying paper reporting the calculation 
based on the first order eikonal expansion/. We do not make any 
approximations in the free w~ve propagators which are left in 
their exact form, Go(p)=(k2-p2)-i, k being the initial projec-
tile momentum. 

The main effect of the non-eikonal propagation is to 
change the phases but not the moduli of the separate Glauber 
multiple scattering terms; this affects significantly the re-
gions of the minima in the cross-section, where there is a 
strong interference between various multiple scattering terms. 
The figure below shows the comparison between the Glauber model 
predictions and the results obtained with the formula proposed 
for the proton-He4 scattering at 1.05 GeV. The standard 

gaussian parametrization of the 
( d<5"') [msrb] individual amplitudes was used, d!r CM with the slope 5 Gev-2, the real 

2 to imaginary part ratio -0.33, and 
10 the total NN cross-section 44 mb. 

TLAB•1.05 GeV The experimental data is not . 
10

1 plotted here because we have used 
the simple gaussian form of the 
He4 wave function /with the oecil-

0 lator parameter R=1.37 fm/, this 
10 being inconsistent with the elec-

tron scattering data at large mo-
mentum transfers. Our results sug-

10-1 gest that the non-eikonal propaga-
tion effects may be responsible 
for the very shallow minimum in 

10-2 the p-He4 oross-seftion recently 

• o .a 

measured at Saolay • 

1. s. Baker et al., Phys. Rev. 
Lett. J,g,, 839 (197~). 
Fig.1. p-He4 scattering at 1.05 

1. 2 GeV2 GeV. See the text for details • 



IV.A.3 
ON THE MODIFIED KERMAN, MoMA.NUS, AND THALER OPTICAL POTENTIAL 

AND ITS APPLICABILITY TO THE SCATTERING FROM LIGHT NUCLEI 

M. Bleszynski and T. Jaroszewicz 
Institute of Nuclear Physics, 31-342 Kra.k6w, Poland 

It is claimed that the KMT optical potential in its commonly 
used form has to be modified in order to reproduce the correct 
high energy limit /i.e. the Glauber formula7. It is shown that 
when assuming the commonly used off-shell prescription for indi-
vidual t-matrices, (k'/t ll'C)=t(ll-k') , it is necessary to replace 
the KMT potential VJCMT=VD+VR b~ the modified one VM=VD, where 
VD denotes "direct" terms and VR - rescattering ierms, i.e. the 
terms in which the projectile is scattered more than once from 
one given nucleon. For medium energies this modification is e-
quivalent to the recently proposed prescription for the multiple 
scattering calculations /see the accompanying paper/. The impor-
tance of such a modification of Vopt is illustrated in Fig.1, 
where the cross-section for high energy proton-He4 scattering is 
plotted, calculated with the usual /broken line/ and modified 
7solid line/ potentials obtained from the t-matrices parametr-
ized as gaussians in the momentum transfer, continued off-shell 
in the above-mentioned way. These potentials are calculated to 
/practically/ infinite order in t. The convergenoe of Vopt is 
shown in Fig.2; it is seen that Vopt has to be taken to at least 
fifth order in t if the exact result is to be reproduced for 
larger momentum transfers. 

~:1. [G:~a J ~~ [G~~2] 
p-He4 p-He4 

Vopt=VKMT 

Vopt=VM 
(Glauber 

101 
model) I 

I 

----- 1 
3 
4 
5 

10-2 
L-----Jl....---1.~-'-~--'-__;:,,~--· 

.O .4 .8 GeV2 
Fig.1. KMT versus the modified 
optical potential in the high 
energy p-He4 scattering. 

10° 
---oc 

.o .4 .a 1.2 Gev2 
Fig.2. Convergence of Vopt• The 
numbers indicate the order to 
which the potential is taken. 
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IV.A.4 
TWO-COMPONENT MODEL OF HIGH-ENERGY HADRON SCATTERING 
FROM NUCLEI. 

R. DYlVIARz(x), A. MA:ftECKI(x)(xx) and P. PICCHI(xx) 

(x} Instytut Fizyki Jadrowej,, Krakow, Poland 
(xx) Laboratori Nazionali del CNEN, Frascati,, Italy. 

We have developed a model of high-energy hadron scattering from nuclei 
which includes the two basic mechanisms of multiple collisions: i) in a sequeg 
ce of collisions of the projectile with target sub-units all scatterings are near -- -ly forward; ii) one scattering in the sequence occurs at a large angle and the 
remaining ones are forward. The Glauber model takes into account only for-
ward scatterings. In our attempt to include both the mechanisms we treat the 
large-angle term in the Born approximation with waves distorted by forward 
scatterings along the initial and final projectile direction. Our expression for 
the scattering amplitude (meant as the operator acting between nuclear states) 
at momentum transfer q is the following: 

F = Fforward + F1arge" 

F = JE /d 2b e iq· b ( 1 - UA ( 1 - (b - b ) ) forward 2,,. . . · 'Yforward J.) " J=l 
-~~ A A 

F1 = 1£2. f d2b e iq· b j dz I f1 (r - r.) II (1 - Bk - Bk} ; wbere 
arge ,,. j=l arge J k{fj) 

- - - - (") (f) flarge (r - rj) = 'Ylarge (b - bj) d (z - zj); the axes Oz 1 
,, Oz ,, Oz are directed 

along the initial projectile momentum, 
the final momentum and along the bi-
sectrix of the sc atte:jl'!g c;;igJ.e .,2em,, 
respectively, while b(1),, bo:J, b denote 
the projections of vectors on the planes 
perpendicular to these axes. The pro-
file functions 'Yforward,, 'Ylarge are the 
Fourier-Bessel transforms of the two 
parts of the elementary amplitude which 
describe the elastic projectile-nucleon 
scattering at forward and large angles. 

1.2 

;-,,... 0.8 

E en 

Q 
't) 

't;--- 0.4 
"O 

p-•He 
+sACLAT~t97Jl Ip: 1..05 GeV + llOOK.._.,YlN \ 19&7) 111: \.DO O.V 

The application of our mode 1 to ec.m. Cdeg> 

elastic p-4He scattering at 1 GeV is 20 30 4o 

presented in Figure (full line,, the dashed line corresponds to only forward 
collisions); see also Lett. Nuovo Cimento g, 101 (1975). The large-angle 
term begins to be important in the region of the minimum making the mini-
mum appreciably shallower. 



IV.A.5 
TEST OF 1 GeV NN MATRIX ON ELASTIC SCATTERING 

GLAUBER MODEL CALCULATION 

I. Bris saud, L. Bimbot, Y. Le Borne c, B. Tatischeff and N. Willis 
Institut de Physique Nucleaire, B. P. nOl, 91406, Or say {France) 

At 1 GeV, currently used phenomenological nucleon-nucleon amplitudes 
are restricted to central terms having a gaussian q-dependance. Recently 
Comparat and Willis 1 have obtained a complete nucleon-nucleon scattering 
matrix{including all A, B, ... amplitudes) by using the pp scattering phase 
shifts at 970 MeV 2 and searches on pn scattering observables. We present 
here results concerning differential cross section and polarization for 1 GeV 
protons incident on l 2c. The calculations are performed in the Glauber 
model 3 using this NN matrix, 

In figure 1. a, we are comparing the isospin-independant terms 
Acx{q) and Ccx{q) to the corresponding phenomenological amplitudes 3. Cross 
sections and polarizations calculated to the Glauber optical limit and experi-
mental data 4 are shown in figure 1. b. We see that the angular distribution 

02 

~ 

C-' 
~10' 

10° 

has a too pronounced minimum compared with 
JComparot- A~. the data. This is probably due to the very 

- l wi11os matrix 3 small values obtained for the re al part of 
-- {phenor;;:t~,. c~ Acx{q) at small q transfers i.e. the nuclear 

Ep -1.CJ4 Ge./ 

{ Comparot-· 
- Willis matrix 

-·-·- { ~trix 

2 absorption has been underestimated. A small 
bump at q = 1. 5 fm -l is connected to the very 
deep minimum of the cross section curve. 

Similar conclusions can be extracted from 
the analysis of 1 GeV p + 208pb scattering. 
We therefore tend to conclude that the Glauber 
approach with a realistic NN matrix need some 
improvements, particularly to the eikonal 
approximation 3 

1, V. Comparat and A. Willis, annual report 
(1974) IPN-Orsay, France and to be pub-
lished. 

2. N. Hoshizaki et al,, Prog. Theor. Phys. 
42, 815 (1969). 

3. I.Brissaud et al., Phys. Rev. Cll, (1975), 
to be published; Phys. Lett. 48B, 319(1974) 

4. R.Bertini et al., Phys. Lett. 45B, 119 
(1973) ; V. G. Vovchenko et al., Sov, Journ. 
Nucl. Phys . ..!.§, 628 {1973). 

Fig. l.a) matrix elements. 
b) polarization and 
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Proton production in r.uclei by 600 MeV protons 

H. D. Orr, III 

NASA, Langley Research Center, Hampton, Va. 23665 

R. D. Edge 

University of South Carolina, Columbia, SC 29208 

T. A. Filippas 

Greek Atomic Energy Comrtlssion, Athens, Greece 

IV.A.6 

Abstract: The absolute differential cross sections for low-energy proton 

production in targets of C, .Al., Ni, Cu, a.nd Au under 600 !·IeV proton 

bombardment have been determined at several angles in the forward and 

backward hemispheres. A semiconductor detector telescope was used to 

identify the secondary protons in the energy range from 2-15 MeV. 

These results are compared to others at 60 MeV; an overall decrease-

in the cross section with increasing· incident energy is found. The 

results are also compared witl: .Monte Carlo calculations based on the 

cascade-plus-evaporation model; the predictions are found to be in 

fair agreement with the present experiment for light nuclei, good a-

greement for medium mass nuclei, but poor agreement for heavy nuclei. 

These results suggest the importance of nuclear structure effects in 

the case of light nuclei and changes in the Coulomb barrier in excited 

heavy nuclei. 



IV.A.7 
NUCLEAR INDUCED BREMSSTRAHLUNG by G. L. Strobel and K. C. Lam 

We present a bremsstrahlung model similar in outlook to 
the Bair et al. model for nucleon-nucleon bremsstrahlung. We 
treat the nucleus and the projectile each as an elementary 
particle with given electric charge, magnetic moment, spin and 
mass. We assume the exchange of neutral mesons is responsible 
for the nuclear scattering Such a model is gauge invariant 
and satisfies Low's low energy theorem. 

In relating bremsstrahlung to elastic scattering, the basic 
input parameter to be specified is t(q), the nuclear scattering 
amplitude (q is the momentum transfer) . This amplitude can be 
parameterized in several ways. At energies less than 200 MeV 
we will use a more or less standard optical model potential in 
the Schrodinger equation. At energies above 200 MeV we will use 
Glauber theory with the energy dependent potential used by 
Boridy and Fesbach. The electro-magnetic interaction is inclu-
ded to first order only. Thus all photons involved are real 
final state photons with k 2=0, where k is the four momentum of 
the photon. Hence no electro-magnetic form factors of the 
projectile or nucleus are needed. However, we sometimes use a 
nuclear potential plus the potential of an extended charge 
distribution to describe the nuclear scattering amplitude. 
Nuclear double scattering is neglected in the bremsstrahlung 
calculation. These terms have been shown to be small for non-
relativistic proton-proton brensstrahlung in the overall center 
of mass frame. We will present some analysis on the effect of 
assuming scalar meson exchange compared to pseudo-scalar meson 
exchange, the z, atomic weight, projectile energy, and gamma 
energy systematics of the calculated cross sections, and some 
isotopic effects. Also a classical explanation of the dif-
ferential bremsstrahlung cross section systematics is given. 
In general the cross section for a given gamma energy increases 
for higher proton energy and for larger target charge. The 
cross sections are generally largest when the gamma production 
angle is one half the proton scatterig angle. 

2C 
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THE INDIVIDUAL NUCLEONS AND THEIR CLUSTERING IN 6Li 

AS PROBED IN (p,d) AND (p,2p) REACTIONS, 

Jan Kallne 

IV .A.8 

The Gustaf Werner Institute, Univ. of Uppsala, S-75121 Uppsala, Sweden 

The residual states accessible by single nucleon removal from 6Li are dis-
cussed. It is noticed that not only residual nucleus hole-states but also 

states of fragmented systems are important, Events of fragmentation are 
taken as evidence of nucleon sub-structures (cluster) in the target nucleus 
which could be searched for in reactions like (p,d) and (p,2p),-The figure 

shows schematically two spectra for the target nucleus 6Li obtained with the 
(p,d) reaction at 185 MeV (0=2.5°) /1/ and the (pt2p) reaction at 100 MeV 

0 (91=e2=35) /2/. These represent the nucleon momentum situations q> 150 MeV/c 
and q << 150 MeV /c. The ls nucleon removal from 6Li yields in both spectra the 

sharp peak at E =16.7 MeV (corresponding to the 5Li/5He state at 16.7 MeV, 
+ x 

Jn=3/2 ) and the broad peak at 19 MeV (corresponding to a fragmented system) 
in the (p,d) spectrum, only. The apparent differences are due to a q depen-

dence. The ls nucleons in 6Li are assumed to form anacore which becomes in-
creasingly enforced at high q. This would result in a q dependence in the 
partition of the ls strength on the residual nucleus states and fragmented 
states as demonstrated by the spectra.-- It is concluded that pickup and 
analogous reactions would prove useful to learn about individual nucleons 
forming clusters in nuclei, particularily, if simultaneous detection of the 
recoil products can be provided. 6Li just presents an exceptionally clear-
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cut case where the fragmentation and thus the 
clustering manifested itself by a quasi-free 
4He(p,d) 3He peak distinguishable at high q, 

/1/ J.Kallne et al, Phys,Lett.~(1974)313 
/2/ R.Bhownik et al, Nucl,Phys.~(1974)365 



PION PRODUCTION THROUGH THE REACTION d(p,dn+)n AT 600 MEV* 

E. V. Hungerford, J, C. Allred, K. Koester, 
L. Y. Lee, and B. W. Mayes 

University of Houston, Houston, Tx. 77004 

IV.A.9 

T. Witten, J. Hudomalj-Gabitzsch, N. Gabitzsch, T. M. Williams, 
J. Clement, G. S. Mutchler, and G. C. Phillips 

Rice University, Houston, Tx. 77001 

ABSTRACT 

The production of pions through the three body process p + d + 
d + TI+ + n is being investigated at the Space Radiation Effects 
Laboratoryt at an incident energy of 600 MeV. The pion and 
deuteron were detected in coincidence with multi-wire proportional 
counters and the deuteron momentum was magnetically analyzed. 
Although isospin conservation forbids a n-N(~(l236)) final state 
interaction, the n-d system can resonate in a T = 1 state. Prelim-
inary data show an enhancement of the cross section at a n-d mass 
of 2180 MeV with a full width at half maximum of 90 MeV. The cross 
section for this enhancement is a significant fraction of the in-
clusive pion production cross section at this angle. An experi-
mental study of the angular distribution and a detailed momentum 
spectrum of the deuteron from the reaction is in process. 

* Supported by the U.S. E.R.D.A. 
tsREL is supported by the National Aeronautics and Space Administra-
tion, the Commonwealth of Virginia, and the National Science Founda-
tion. 
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QUASI-ELASTIC DEUTERON PRODUCTION IV.A.IO 
A. P. Sathe and E. A. Remler 

College of William and Mary, Williamsburg, Virginia 23185 
ABSTRACT 

The recent developement of the Wigner representation of scattering as a 
practical tool for treatment of complex multiparticle processes(l) has enabl-
ed us to begin analysis of inclusive production(ZJoss-sections for fragments 
from medium and high energy nuclear collisions. Initially, to test and 
demonstrate this new method, we are examining data using only the simplest 
possible models. A number of experiments have measured quasi-elastic deu-
teron production by p{otons on nuclei~ of these, the most complete set known 
to us are at .580 GeV 3) and 1 Gev.(4J Discussion of these has centered on 
two questions: the elementary production mechanism for two fast forward nu-
cleons (e.g. to what extent it depends on initial state correlations) and, 
the cross-sections' dependence on Atomic Mass A (which requires understanding 
of multiple collisions suffered by participants in the nuclear medium before 
and after the elementary production). In the absence of practical theoreti-
cal methods of dealing with the latter question, explanations have been 
limited to noting that the data seems to go as Al/3, corresponding to emana-
tion from an 'active region' about the terminator line situated at the nu-
clear surface. The terminator grows as Al/3. Our analysis indicates that 
such statements conceal a theoretically richer picture. The graph compares 
the .580 GeV data with two calculations based on nuclear models simplified to 
allow analytic expression of results. The solid line is a nucleus of uniform 
density throughout. The dashed line corresponds to a uniform core plus half 
density uniform skin. There are no free parameters except, having not as yet 
calculated the elementary vertex for nucleon pair production, there is an un-
known overall normalization fixed to agree with data at 208Pb. These results 
indicate good agreement with data is probable at this energy using a realis-
tic nuclear skin. Theory however implies flattening of A dependence (satura-
tion) at higher energies in contradiction to the 1 GeV data point for 208Pb. 
More accurate data and comparison with production by other projectiles can 
now be analyzed in terms of nuclear surface properties. 

QUASI-ELASTIC CROSS SECTION I FREE CROSS SECTION 

VERSUS ATOMIC MASS • • 
• • .. ~w#I 

• ,J ''l'f/7' 
l •••• 

0

u.1JJff/7'1 11' 
1 r ' ''n''' ·Y. • , · Lf JJht1 . 

-~. 111µ,71il l7· 
At/3 • • ~I' 

/I (> DATA OF ROBERTS W. K. et:. cal. 

(NASA TN D • 5961 AUG.1970) 

1. E. A. Remler, Use of the Wigner Representation in Scattering Problems, 
College of William and Mary preprint. 

2. E. A. Remler and A. P. Sathe, Quasi-Classical Scattering Theory and 
Bound State Production Processes, to be published in Annals of Physics. 

3. W. K. Roberts et. al., unpublished report, NASA TN D-5961, (Aug. 1970). 
4. R. J. Sutter et. al., Phys. Rev. Lett. 19, 1189 (1967). 



ELASTIC SCATTERING OF 0.72 GeV PROTONS FROM 4He FOR 

21 2 < < GeV2/c2 0.13 GeV c - -t - 0.55 

J. C. Fong, G. J. Igo, S. L. Verbeck, C. A. Whitten, Jr. 
University of California at Los Angeles, Los Angeles, Calif. 90024 

D. L. Hendrie, V. Perez-Mendez, Y. Therrien 
Lawrence Berkeley Laboratory, Berkeley, Calif. 94720 

G. W. Hoffmann 
University of Texas, Austin, Texas 78712 

ABSTRACT 

IV .A.11 

At the Lawrence Berkeley Laboratory 184" synchrocyclotron an experimental 
technique using a gas target and a ~E-E telescope of solid state detectors has 
been employed to measure the elastic scattering of 0.72 GeV protons from 4He in 
the region of four momentum transfer, -t, from 0.13 to 0.55 GeV2/c2. With a 
suitably chosen collimation system the detector telescope viewed reaction 

~ 
.D 
E 
E 

10 products from the He gas target between the 
angles emin and 8max' such that all alpha par-
ticles within this angular range must come from 

5 

4 He(p, p) 4 He 

720MeV 
LBL 

2 

elastic scattering. From the relation -t = 
2lllci.TaL the energy of the alpha particle measures 
-t directly; and the energy spectrum dYa/dTa can 
be converted directly into an angular distribu-
tion.! The excellent particle identification 
provided by the ~E-E detector telescope is very 
important since the yield of 3He particles is 
larger than that for a particles in certain 
regions of the energy spectra. The intensity 
of the proton beam was measured and monitored 

cl' 0.5 
~ 

by a system of ionization counters, two sets of 
monitor counters and beam counters; and the 
cross sections were measured absolutely to 
better than ± 10%. The range of -t covered in 

b 
"O + .. ••+•.+•+. this experiment includes the interference region 

+• •++ (-t ~ 0.23 Gev2/c2) between single and double 
+++++ • •. scattering processes in multiple scattering 

••. theories where there has been disagreement be-
~. tween two experimental measurements at 1.0 

0.2 

++ Gev.2,3 A preliminary angular distribution from 
+ the data analysis is presented in Fig. 1. The 

0·ciL--'------'0.-1 __.___.o.2-..__o.~3:.--..__0--1..4:-..__o.--1.5-~o.s data is currently being analyzed in terms of 
-t(GeV/c>2 optical model and multiple-scattering theories.4 

Fig. 1. Elastic scattering 
of protons from 4He at 0.72 
GeV. 

We are also currently obtaining elastic scatter-
ing data at 0.59 GeV using the same experimental 
technique. 

1. c. A. Whitten, Jr., Nucl. Instr. and Meth. (to be published). 
2. H. Palevsky et al., Phys. Rev. Lett. 18, 1200 (1967). 
3. s. D. Baker et al., Phys. Rev. Lett. 32, 839 (1974). 
4. D. w. Rule and y, Hahn, Phys. Rev. Lett. 34, 332 (1975). 
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IV.A.12 

p - 3He elastic scattering at intermediate energies and the NN interaction. 

R.Frascaria, N. Marty, V.Comparat, M. Morlet and A.Willis. 
Institut de Physique Nucleaire, 91406, Or say (France). 

D. Legrand, D. Garreta, R. Beurtey, G. Bruge, P. Couvert, H. Gatz, 
A. Chaumeaux, J.C. Faivre, Y. Terrien and R. Bertini*. 
DPhNME, CEN-Saclay, 91190, Gif-sur-Yvette (France). 

The 3He{p, p)3He cross section was measured at 1 GeV, at the CEA 
Synchrotron Saturne. A liquid 3He target 2 cm thick 1 and the s pe ctromete r 
facilities 2 were used. The results are given on fig.l. The absolute uncer-
tainty on the cross section is ± 9 o/o. They are compared to calculations perform-
ed with the 3He form factor from ref. 3 which is in good agreement with the 

1GeV 

Fig. 1 

electron scattering results. The cross sections are 
calculated in the Glaube r formalism including the 
spin-isospin dependence of the NN interaction at 
all orders of the scattering expansion. The sensi-
tivity to the phase shifts is illustrated in fig. 1 
where three different phase shift analysis are used 
a) pp phases from Hoshizaki 4 and pn phases from 
ref.5 ;b) andc) the same pn phases and pp pha-
ses from Matsuda6whose analysis is made by adding 
31 new NN data (16 of them are polarization mea-
surements). The agreement is better till 
q2 ~ 2 Ofm -2 with curve 1 . b or l . c. 
The same calculations are performed at 600 MeV 
where more NN data and more systematic analysis 

•1exist. On fig.2, a) The pp-phases are from Mc 
Gregor et al 7 and in b) and c) pp-phases from 
Cozzika et al 8. For the three curves the pn-
phase s are taken from Mc Gregor 9). The calcu-

.___,._._~.__._~~~-}:-_,_.__._~_.__.__,_.__, 

q'u.-» lations are compared to the experimental results 

Fig.i 

0 2 ~ 6 6 "() 12 ~; ~6 q~. 

at 600 MeV from Boschitz et al 10. 

References : 
1. 15. Buhler, Proc. of the 8th Int. Cryog.Engeen. Coni. Berlin (May 70). 
\. R.Beurtey et al., Bul. Inf. Sci. Tech. CEA n°1 ?9, 67 (1973) and Phys. 

Rev. Lett. Vol. 32,.n°15 (197-1) 839. 
3. M. Fabre de la Ripelle, session d'etudes La Toussuire (1971)55 and Lett. 

Nuovo Cimento, Voll n°14 (1971) 584. 
4. N. Hoshizaki, Rev. Of Modern Phys. Vol 39 n°3(1967) 701'. 
5. V. Comparat and A. Willis, private communication. 
6. M.MatsudaandW.Watari, Lett. NuovoCimentoVol.6n°1(1973)23. 
7. M.H. Mc Gregor, A.A·rndt, R.M.Wright, Phys. Rev. 169,1:>1149(1968) 
8. G. Cozzika, Note CEA-N-1720, juillet 74. 
9. M.H.Mc Gregor, A.Arndt, R.M. Wright, Phys. Rev.173, n05(1968)1272. 

10. E. T .Boschitz, NASA TMX-52673. 

:t! Universite ·de Strasbourg (France) 



MEASUREMENT OF THE NEUTRON FLUX GENERATED BY THE 
LAMPF 800 MeV PROTON BEAM STOP 

Dennis G. Perry 

IV.A.13 

The flux and spectra1 shape of the neutrons generated by 800 MeV protons 
incident on a copper beam stop have been measured at the LAMPF Radiation Ef-
fects Facility using the technique of threshold activation detectors. The 
detectors used were 235u, 238u, Au and Ir. The induced activities measured 
were generated from the following reactions: 235u(n,f), 238u(n,f), 
197Au(n,y)l98Au, 197Au(n,2n)l96Au, 197Au(n,3n)l95Au, 197Au(n,4n) 194Au, 
191Ir(n,y)l921r, 191Ir(n, 2n)l901r, 191Ir(n, 3n)l89 1r, 193Ir(n,n')l93m1r. 
The measured spectral shape agrees well with the shape generated by a Monte 
Carlo calculation. The total flux measured was 1.6 x 1013 n/cm2-sec-mA. 
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SCATI'ERJNG OF PROTONS ON HELTIJM BETWEEN 348 AND 1154 MeV 

A 1 . + .. + E. s anides , T. Baue~, R. Bertini , R. Beurt~y, 
A. Boudard, F. Brochard , G. Bruge, A. Chaumeaux , 

H. Catz, J.M. FoPtaine, R. Frascaria'.+, 
P. Gorodetzky+ J. Guyot, F. Hibou, 

M .. Matoba+++, Y .--Terrien and J. Thirion 

CEN SacZay, BP 2, 91190, Gif-sur-Yvette, France. 

IV .A.14 

Proton elastic scattering on 4He has been measured at Tp = 348, 650, 
1057 and 1154 MeV. The obtained angular distributions are pr~sented for 
!ti< 0.7 (GeV/c) 2 . The deepest minimum is observed for t = - 0.26 et 
Tp = 650 MeV. Glauber type calculations· are in progress to fit those angular 
distributions . 

..j. 

++ 
+++ 

CRN Strasbourg 
IPN Orsay 

On leave from the Kyoto University, Kyoto, Japan. 



1 GeV-PR0rON SCA'ITERING 

FROM 40ca, 42ca, 44ca, 48ca and 48Ti 
t G.Alkhazov, T. Bauer, R. Beurtey, A. Boudard, G. Bruge, 

A. Chaumeaux, P. Couvert, G. Cvijanovich'ft, H.H. Duhmi"tt, 
J.M. Fontainetttt, D.Garreta., A. Kulikov t, D. Legrand , 
J.C. Lugol, J. Saudinas, J. Thirion, A. Vorobyov t, 

CEN Saalay, BP 2, 91190, Gif-sur-Yvette, Franae. 

IV .A.15 

Using the high-resolution spectrometer SPES-1, the angular distribu-
tions of 1.04 GeV protons, scattered from 40ca, 42ca, 44ca, 48ca and 48Ti 
nuclei are measured in the angular range 4-19°. Here we present the elastic 
scattering cross sections (fig.I) which, we hope, combined with the appro-
priate elastic electron scattering data, may furnish an interesting infor-
mation on the differences between the neutron distributions in these nuclei. 
The elastic cross sections for the case of 40ca and 48ca are in good 
agreement with those, obtained by Gatchina group [1J. The analysis of the 
data, corresponding to excitations of low-lying states, is in progress. 

t 
tt Leningrad Institute for Nuclear Physics, Gatchina., USSR 
ttt Upsala ~ollege, East Orange, New Jersey, USA 
tttt 1, Institut fur Experimentalphysik, Hamburg, Germany. 

CNRS 

[1] G.D. Alkhazov et al., Physics Letters, in print. 
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PWBA (p,d) CALCULATIONS AT INTERMEDIATE BEAM ENERGIES 

D.G. Fleming, J,W, Grabowski and E.W. Vogt 
TRIUMF and Depts. of Chemistry and Physics, University 
of British Columbia, Vancouver, B.C., Canada, V6T 1W5 

IV .A.16 

With the advent of new high intensity and variable energy proton accelera-
tors in the intermediate energy range, one can expect some renewed interest in 
direct reactions of the type (p,d), (p,t), (p, 3He), etc. There are advantages 
and disadvantages in extending the study of pickup reactions from their tradi-
tional low energy regime. Distortion effects should be less at higher energies 
and the "dynamics" of the transfer process may well be more amenable to reliable 
calculations, On the other hand, quantum oscillations in the angular distribu-
tions become disturbingly rapid and do not reveal the orbital angular momentum 
of the transferred nucleon. Instead, interest centers on angular distributions 
averaged over such rapid oscillations. 

An early motivation for our work was the hope that absolute spectroscopic 
factors in (p,d) reactions could be more reliably obtained, from DWBA calcula-
tions at intermediate energies, than the usual "factor of two" accuracy expected 
at low beam energies. Unfortunately, sources of uncertainty still remain, par-
ticularly in the choice of the deuteron optical potential. The PWBA treatment, 
while obviously incorrect in that it ignores all distortion effects, is never-
theless a useful tool in gaining an initial understanding of the expected momen-
tum transfer dependence in angular distributions at intermediate energies. 

The PWBA calculations can be carried out analytically for various form 
factors. We illustrate this radial dependence using square well, harmonic oscil-
lator and Woods-Saxon (WS) potentials. In each case the differential cross 
section can essentially be factored in two parts; one part describing the rapid 
oscillations with angle and the other part the "envelope" of the cross section 
about which the oscillations occur. The latter dependence is illustrated in 
the accom~anying Figure for a WS potential in a PWBA calculation of the 
12c(p,d)l C* 1P3/z transition at 700 MeV. (Data from J, Thirion, Proc. Int. 
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Conf, on Nucl. Phys., Munich, 1972; American 
Elsevier, 1973, p. 782). 

There are distinct differences in calcu-
lated differential cross sections depending on 
the choice of form factor, but these are only 
apparent at angles ~ 30°, which is generally 
beyond presently available data. Calculations 
have also been carried out for the 185 MeV (p,d) 
data from Uppsala (J, Kallne et. al., Gustaf 
Werner Institute, Preprint No. GWI-PH2/74) and, 
again, the envelope of the experimental cross 
sections are rather well rep~oduced. No attempt 
has been made to extract any spectroscopic in-
formation, only to reproduce the overall shape 
of the angular distributions; in this regard, 
the PWBA calculation is much more successful 
at ~ 200 MeV than it is at say 20 MeV. 



GLAUBER CALCULATIONS FOR p-4He ELASTIC SCATTERING 

J.P. Auger 
Laboratoire de Physique, Faculte des Sciences d'Orleans, 

45045 Orleans Cedex, France 

J.R. Gillespie* 

IV.A.17 

Institut des Sciences Nucleaires, BP 257, 38044 Grenoble, France 

R.J. Lombard 
Institut de Physique Nucleaire, Division de Physique Theorique 

91406 Orsay, France 

The multiple scattering model of Glauber has been used to calculate 
p-4He scattering at 0.6, 1.0 and 20 GeV. The calculation includes spin -
independant and spin-dependant amplitudes as well as the Coulomb interaction 
and a correction for overlapping interactions. 

The nucleon-nucleon profile function is determined directly from two-
particle scattering data. The 4He wavefunction was taken as Gaussian. The 
overlapping interaction (3-body) correction for the eikonal phase function 
is that derived by Wallace (l) involving the nuclear density, the pair 
correlation function, and the interaction between the incident particle 
and the target nucleons. For this interaction we employed an effective 
potential which reproduces the spin-independant amplitude at low momentum 
transfer (to 1.0 fm-1). 

The Coulomb interaction deepens the first minimum at 600 MeV but redu-
ces it at 1.0 and 20 GeV. The overlap term is negligible at 0.6 and 20 GeV 
and provides a 20 % correction at 1 GeV. 

(1) S.J. Wallace, Phys. Rev. C8, 2043 (1973). 
*On leave of absence, Dept. of Physics, Boston University. 
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IV .A.18 

EFFECTS OF ANTISYMMETRIZA TION IN ELASTIC SCATTERING 
OF HIGH-ENERGY PROTONS FROM NUCLEI. 

A. MAJ".,ECKI(x)(o) and P. PICCHI(x) 
(x) - Laboratori Nazionali del CNEN, Frascati, Italy. 
(o) - Instytut Fizyki Jadrowej, Krakow, Poland. 

We have studied elastic scattering of high-energy protons from nu-
clei taking into account the mechanism of exchange between the projectile and 
the target. This is equivalent to antisymmetrization between the incident pro-
ton and the ones in the target nucleus. 

We considered scattering from 2D and 4He around 1 GeV using the 
approximation of single collisions. The nuclear wave functions including short-
-range repulsive correlations were applied. For large momentum transfers 
(q > O. 8 GeV) the correlations are very important increasing the cross-sec-
tion by several orders of magnitude. 

The rearrangement of protons was achieved by the two procedures: 
exact antisymmetrization and the so-called knockon approximation. For illu-
stration we quote the cross-section formulas for 4He (without correlations): 

( da / c:Ul-) . = exact antlsym. 
l: I 2D(p) +D(n) - E(p) - 2E'(p) - 2E'(n) - E"(n)l 2 

= \2n(p) + 2u(n) - E(p) \ 2 ( d a/ rill..) - knockon 

while in the absence of exchange one has: 

the various amplitudes are given by the following self-explanatory diagrams: 

I 
p l p p p 

p p p p 
p p p I p 
n n n n 
n n n n 

DIP> E IP> ['IP> E", "> 

where single lines describe bound states of nucleons, the double line - the 
state of free proton, and the wavy line denotes the interaction; the indices (p) 
and (n) correspond to the p-p and p-n interaction, respectively. 

In general the effects of antisymmetrization are small for forward 
scattering angles, and large in the back hemisphere. We have found that the 
graphs E' and E" are quite important at large angles (8 > 12 0°) invalidating 
thus the knockon approximation. The backward peaks observed in the p-2D and 
p-4H~ elastic scattering are appreciablyaffected by these graphs. 

Currently we are studying the effects of multiple collisions and the 
relativistic corrections resulting from the deformation of recoiling nuclear 
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IV.A.19 
INVESTIGATION OF PION AND KAON PRODUCTION ON NUCLEI 

M. Dillig, M. G. Huber 
Inst. for Theor. Physics, Univ. of Erlangen-Nilrnberg, Germany 

In the protoninduced production of 1t and K on nuclei both very 
large momenta (p ~ 500 MeV/c) and considerable angular momenta ( e > 101. ) are transferred to the target nucleus even at 
threshold energies. Thus one may expect to investigate the 
nucleus under conditions which in conventional nuclear reaction 
at low energies are not accessible. Additionally, there are 
,interesting phenomena expected to occur which are related to 
the reaction mechanisms, such as coherence effects in 1t produc-
tion by complex projectiles (~. e. in (d,1t) or (a,Jt) reactions) 
and the formation o · (real) N in nuclei (such as 4l ,..A and r ). 
Some of those questions have been investigated in the frame of 
a One-Nucleon-Model (ONM) and a Two-Nucleon-Model (TNM). Those 
moaels~ave been applied to the "('p,1t~) and tne (p,1t-) reac-
tion leading to bound excited states of the final nucleus; the 
calculated cross sections have been compared to experimental 
data at Tp = 156, 185 and 600 MeV, respectively (Orsay, 
Uppsala1, CERN and Saclay2J results). From this work the follo-
wing conclusions can be drawn: 
1. The ONM generally leads only to a very poor description of 

all available data; this is mainly due to the uncertainties 
related to the pion nucleus optical potential, to the post-
pior ambiguities and to the (1tN) interaction; 

2. in the TNM a consistent and qualitatively quite reasonable 
description of the various reactions can be achieved, both 
near threshold and above the resonance; the two particle 
mechanisms tend to reduce the influence of the ambiguities 
mentioned above; 

3. the contributions of three body terms have been estimated; 
they become increasingly important at large values of the 
momentum transfer (~ p > 600 MeV/c). 

The two models have also been applied to the 12c(d,1t+) reaction 
at Tp = 185 MeV. Preliminary results (in DWBA) indicate that 
the cross section for this reaction is reduced over the (p,1t+) 
values by one to two orders of magnitude. This reaction, how-
ever, seems to be particularly interesting as a further test 
of the assumptions entering the analysis of the (p,1t) data. 
In the frame of a similar model for the K-production the (p,K) 
reaction has been calculated; preliminary results indicate 
that cross sections of the order of 1 nb/sr can be expected at 
1 GeV. 
1. S. Dahlgren et al, Uppsala Report GWI-PH 1/74 
2. E. Aslanides et al (private communication) 
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IV.A.20 
+ + K and ~ Momentum Spectra at 0° from 

2.5-3.l GeV/c Protons* 

T. Bowen, D. A. Delise, and A. E. Pifer 

Department of Physics, University of Arizona, Tucson, Arizona 85721 

A partially separated 0.9-1.8 GeV/c K+ beam at the Bevatron 
+ + was utilized as a spectrometer (0.9% FWHM) to study the K and~ 

momentum spectrum at 0° from carbon bombarded by protons. Most 

data were taken at a proton momentum of 2.5 GeV and a few points 

were measured at proton momentum. of 2.7, 2.9 and 3.1 GeV/c. Plots 

of (d 2cr/dQdp)0o will be presented. 

*Work supported by the National Science Foundation. 



IV .A. 21 
Search for Spectral Peaks from (p,K+) and (p,~+) Reactions* 

T. Bowen, D. A. Delise, and A. E. Pifer 

Department of Physics, University of Arizona, Tucson, Arizona 85721 

A partially separated 0,9~1.8 GeV/c Kt beam at the Bevatron 

was utilized as a spectrometer (0.9% FWHM) to search near the upper 
+ + end points of the K and ~ spectra from target bombardment by 

2.5 GeV/c proton for spectral peaks which might be attributed to 

(p,K+) and (p,~+) reactions. No peaks were observed above back-

ground. The following cross section upper limits were obtained 

(1nb=10-9 b): 

90% Confidence Upper 
Inti dent Laboratory 

Limit to(~)lab at o0 Reaction Proton Momentum Meson Momentum 

12c(p.ir+) 13c 2.50 GeV /c 1.704 GeV /c 20 nb/sr 
+)3 d(p.K HA 2.70 1.056 170 

9ee(p.K+)lOBeA 2.50 1.418 11 

12c(p,K+) 13cA 2.50 1.438 2.8 

12C(p,K+) 13CA 2.70 1.635 600 

12C(p,K+)13CA 2.89 1.818 84 

56Fe(p,K+)57FeA 2.50 1.488 9 

*Work supported by the National Science Foundation. 
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IV.A.22 
Characteristics of Low Z Fragments Produced in the Interaction of 800-MeV 
Protons with Uranium. 

G. W. Butler, and D. G. Perry, University of California, Los Alamos Scien-
tific Laboratory, Los Alamos, New Mexico 87544, 
A. M. Poskanzer, Lawrence Berkeley Laboratory, University of California, 
Berkeley, California 94720, 
J. B. Natowitz, Cyclotron Institute and Department of Chemistry, Texas A&M 
University, College Station, Texas, 
F. Plasil, Oak Ridge National Labor.atory, Oak Ridge, Tennessee 

The energy spectra of light nuclear fragments produced by the inter-
action of 800-MeV protons with uranium have been determined at three lab-
oratory angles by means of dE/dx-E measurements with silicon detector tele-
scopes. Individual isotopes of the elements helium through boron were 
resolved by utilization of the power law particle identification technique. 
The evaporation-like energy spectra were integrated to obtain angular dis-
tributions and formation cross sections. 

The experiment was done in the LAMPF Thin Target Area, which is located 
upstream of the first pion production target, at an average proton intensity 
of 5µ.A. The detectors were 4.6 m from a 3.5 mg/cm2 uranium target and they 
subtended a solid angle of lo-6 sr. Two silicon detector telescopes were 
used to measure the energy spectra at 45, 90, and 135 deg, with one detector 
telescope always at 90 deg in order to normalize the individual runs. 

The cross sections for the formation of the nuclides nearest the line 
of beta stability were the highest, with the cross sections for both the 
neutron-deficient and neutron-excess nuclides falling off rapidly. The 
angular distributions tend to be forward peaked in the laboratory frame of 
reference. The energy spectra have less prominent high energy portions, 
and the peak energies are somewhat higher than for the data from earlier 
experiments at proton energies of 5.5 GeVl and 1.0 Gev2. Also the 800 Mev 
formation cross sections are significantly lower, illustrating the strong 
energy dependence of the formation of light fragments in this region of 
proton bombarding energies. 

lA. M. Poskanzer, G. W. Butler, and E. K. Hyde, Phys. Rev. C3, 882 (1971). 
2E. N. Volnin, A. A. Vorobyov, V. T. Grachov, D. M. Seleverstov, and E. M. 
Spiridenkov, Publication 101, Leningrad Institute of Nuclear Physics, 
June 1974. 



IV.A.23 

ELASTIC AND INELASTIC SCATTERING OF 1 GeV PROTONS BY NUCLEI 

E. Boridy and H. Feshbach 
Laboratory for Nuclear Science and Department of Physics 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

ABSTRACT 

The elastic and inelastic scattering of 1 GeV protons by 
nuclei has been calculated using the first order Rayleigh-Lax 
term in the optical potential which has been generalized so as 
to include the spin-spin term in the nucleon-nucleon scattering 
amplitude. The effect of the spin-orbit term, the dependence on 
the target nucleon density as well as the effect of correlations 
as given by the second order optical potential have been 
evaluated. Calculation of inelastic scattering to collective 
levels employs the Tassie transition potential. Comparison is 
made with the Saclay experimental results with target nuclei 
ranging from He to Pb. 

This work is supported in part through funds provided by ERDA 
under Contract AT(ll-1)-3069. 
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IV.A.24 
Calculation of the Reaction pd+-+3 Hey at Intermediate Energies 

Harold W. Fearing 
Nuclear Research Centre, University of Alberta, Edmonton, Alberta 
We have calculated the cross section for the reaction pd+-+ 3 Hey in the 

intermediate energy range using a distorted wave impulse approximation model 
analogous to that used previously 1) with some success for the similar reac-
tions pd+tTI+ and pd+ 3 HeTI 0

• Such (p,y) reactions, like (p,TI), involve large 
momentum transfers and thus also give information on high momentum components 
of the wave functions. Furthermore distortion effects are easier to calculate 
than for (p,TI). Hence a comparison of (p,y) and (p,TI) reactions in a similar 
model may provide a check of the non-pionic aspects of the model and, ulti-
mately, some insight into the proper way of handling the pion distortion. 

The basic physical assumption of the model is that the process is domin-
ated in the resonance region by the two nucleon subprocess, in this case 
pn+dy. The cross section is then the product of the cross section for the 
subprocess, kinematic factors, spin factors, and a form factor. This form 
factor is essentially a Fourier transform involving the wave functions and 
distortion factors which account for the interactions of the proton as it 
traverses the nucleus. 

In the present calculation,wave functions and other input used were the 
same as in the (p,TI) calculation of Ref.(1) and in particular the deuteron D 
state was included. Proton distortion was put in using a Glauber formalism, 
and is not particularly important. There are thus no freely variable param-
eters. The main uncertainties are the uncertainty (here, relatively small) 
in overall normalization due to distortion effects, as discussed in Ref. (1), 
and an uncertainty of perhaps 30%, particularly at forward and backward 
angles, due to ambiguities in the input pn+dy data. 

The figure shows a comparison of the 
theory with the data of Heusch, et aZ.2) 
The agreement for both shape and normali-
zation is remarkable and remaining differ-
ences are well within the uncertainties 

• 
of theory and experiment. The theory also • 
seems to reproduce the energy dependence 
of the 90° cross section in the region 
Ep > 350 MeV, although the data from var-
ious groups is not consistent. It begins 
to fail, however, below Ep=350 MeV where 
mechanisms other than the resonance begin 
to be important for np+dy. 
1) H.W. Fearing, Phys. letters 528 (1974) ~ 

7 

s 

\I. b' 407 and Phys. Rev. ill (19751 In press. ,. 4 

2) C.A. Heusch, et al. Univ. of Cal if. 
Santa Cruz, Report Nos. 73/004, 
73/005, 73/007 (1973) 

Fiaure Caption: Center of mass gamma 
angular distribution at EbAB = 462 MeV. 
Curves a and b correspond respectively 
to the theory without and with distor-
tion effects. 
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HIGH-ENERGY PROTON-NUCLEUS SCATTERING AND CORRELATIONS* 
R. D. Violliert 

Institute of Theoretical Physics, Department of Physics 
Stanford University, Stanford, California 94305 

ABSTRACT 

IV.A.25 

Effects of long-range correlations on high-energy elastic and inelastic 

proton-nucleus scattering are investigated using the eikonal approximation. We 

treat multiple scattering of the proton in a coupled channel formalism where 

virtual excitations and de-excitations of the nucleus are allowed during the 

scattering process. This is completely equivalent to considering many-body 

correlations to any order. We also study effects of spin and isospin depen-

dence of the nucleon-nucleon interaction in elastic and inelastic p+ nucleus 

scattering. We propose to use inelastic scattering to known nuclear states as 

an analyzer of the different components of the nucleon-nucleon interaction. 

The strong p+ nucleus interaction is treated in close analogy to electromag-

netic and weak interactions where similar nuclear matrix elements occur. We 

calculate cross sections and polarizations using all information available from 

nucleon-nucleon and electron-nucleus scattering. Numerical results are com-

pared with experimental data for elastic scattering of 1 GeV protons on 12c 
TI + + and electric excitations of the I T(E/MeV) = 2 0(4.43), 0 0' (7.66) and 

3-0(9.64) states in 12c. We predict the differential cross section and 

polarization for a magnetic transition to the 1+1(15.11) state in 12c. 

* Research sponsored in part by the National Science Foundation, grant 
MPS 073-08916. 

ton leave of absence from the Department of Physics, University of Basel, 
Switzerland; Swiss National Science Foundation Fellow. 
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The Clinton P. Anderson Meson Physics Facility Radioisotope Program by IV.A.26 
H. A. O'Brien, Jr., A. E. Ogard, P. M. Grant, J. W. Barnes, and B. R. Erdal, 
University of California, Los Alamos Scientific Laboratory, Los Alamos, 
New Mexico 87544 

The powerful proton beam from the LAMPF accelerator provides a unique 
opportunity to produce copious amounts of heretofore "rare" nuclides by 
spallation processes in a variety of simultaneously-irradiated targets. These 
nuclides are expected to be used extensively in medicine, geosciences, 
physics, chemistry, metallurgy, and other fields of science and engineering; 
in addition, they may be regarded as a by-product of the normal operation of 
the machine since about 503 of the beam emeraes from the main experimental 
area. 

The isotope Production Facility, a separately-funded addition to the 
main LAMPF beam stop structure, provides a mechanism for remote target in-
sertion, irradiation, and removal from the proton beam at a position imme-
diately upstream from the main beam stop. When completed in the fall of 
1975, this facility will contain nine independent target stations, each of 
which is capable of accommodating a single target or combination of targets 
up to 2.3-cm thickness. 

A new program at LASL, designated the Medical Radioisotope Research 
Program, was established to investigate medium-energy, proton-induced spal· 
lation processes as a means of providing a new source of radioactive isotopes 
of demonstrated or potential value in the health sciences. The program is 
divided into five major areas of activity: spallation reaction research; 
chemistry problems; remote process development; cooperative biomedical 
research; and target and irradiation facility development. 

The major progress to date includes the following: (1) thin-target, 
proton-induced cross section studies from 211 MeV to 800 MeV using a variety 
of target materials; (2) development of radiochemical recovery ~rocedures for 
~ 3 K from vanadium, 82Sr and 88Y from molybdenum, and 123 1 and 1 7 Xe from 
lanthanum; (3) development of a fast-separation, 82 Sr/ 82 Rb generator system 
for medical use; (4) three shipments of LAMPF-produced 82 Sr to extramural 
collaborating researchers; and (5) a major retrofit of the Isotope Production 
Facility. Near-term plans for target scheduling and nuclide recovery studies 
will be presented. 

Very intense beams of charged particles pose major technological prob-
lems in the isotope production effort, particularly problems associated with 
beam power density and target cooling, radiation-induced degradation of 
targets and target-chamber windows, and chemical interactions between radi-
olysis products 1n the coolant fluid and the target surface. Recent ex-
periences with targets irradiated with 200-MeV protons to a fluence between 
5,000 and 10,000 µA-hr will be discussed. 



PROTON-NUCLEUS SCATTERING AT INTERMEDIATE ENERGIES IV.A.27 

Gerald A. Miller 
Carnegie-Mellon University, Pittsburgh, Pa. 15213 

James E. Spencer 
Los Alamos Scientific Laboratory, Los Alamos, N. M. 87544 

ABSTRACT 

Using potentials based on multiple scattering theory, a set of 
coupled optical equations are solved for the differential elastic, 
inelastic and charge-exchange cross-sections. Total reaction cross-
sections and asymmetries are also computed and the sensitivity to various 
components such as the Coulomb, spin and isospin dependent terms are 
studied using an interaction of the form: 

where all terms are energy-dependent - particularly as one goes to lower 
energies. The operators P>,< project onto T> and T< states and are re-
tained explicitly here for contact with lower energies. 

The influence of various channel coupling effects on elastic and 
inelastic scattering over LAMPF energies (200-800 MeV) is considered using 
different nuclear models. Based on what is known about the nucleon-
nucleon interaction at these energies, the validity of the DWIA is assessed. 
The sensitivity of the results to specific forms and components of the 
nucleon-nucleon interaction is also considered to explore to what extent 
it is possible to determine this interaction from such experiments. An 
explicit demonstration of how and why this should be possible is given in 
terms of the particle-hole model which demonstrates the importance of 
simple nuclear states. 

Finally, we discuss the relations of experiments with protons to those 
with other probes such as electrons and pions. 
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IV .A. 28 

Analysis of 1 GeV proton-scattering on D and He in a non-eikonal approach 

A.S. Rinat (Reiner), S.A. Gurvitz and Y. Alexander 
Weizmann Institute of Science, Rehovot, Israel 

We have recently formulated a theory of multiple hadron scattering on 
nuclei without invoking standard eikonal approximations!). The total amplitude 
differs from its eikonal (Glauber limit) in a number of contributions 1) 
Propagator off-shell amplitudes due to retention of complete projectile 
propagator 2) Non-eikonal contributions to standard propagator on-shell 
amplitudes 3) Scattering from multiply struck nucleons (reflections). Off and 
on-shell propagator contributions are ~ 1 n out of phase and the former 
thus affect cross sections where Glauber'T theory predicts interference minima. 
Non-eikonal corrections grow for fixed E with t but eventually + 0 if E + 00 • 

Out o~ all p4and4~ data on D, 3He, 4He analysed2) we present the 1 GeV 
data on D ) and He together with our (~-) and Glauber (---) predictions. 
The comparison shows the influence of 1) off-shell corrections in expected 
minima when no other perturbation like the D-wave admixture in ~D act 2) non-
eikonal corrections for large t. The theory appears to account for the data 
out to large t values where cluster exchange overtakes scattering contributions. 

IO 

1) S.A. 
2) S.A. 
3) G.W. 
4) S.D. 
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Gurvitz, A.S. Rinat and Y. Alexander, submitted 
Gurvitz, Y. Alexander and A. S. Rinat " 
Bennett et al., Phys. Letters 19 (1967) 387. 
Baker et al., Phys. Rev. Letters 32 (1974) 839. 
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LOvV ENERGi SCAT'J:ERI:NG Fli.OM A COMPLEX TAHGE1.r IV .A.29 

A. Deloff 

Institute for l\.Iclear Hesearcll, r'iarsaw, i:Joland 

w~ have considered low energy sc~ttering of a hadron 
fr01n a comp 1 ex nucle8.r system. :rhe accuracy of two basic me-
thods are examined: (i) the fixed centres approxi11ation 0.,CA) 
and (ii) the equivalent nuclear potential rn~thod. Detailed 
calculations of the hadron-nucleus scattering length A have 
been performell for ~ simple soluble model yet containing all 
the dynamical featu.reo ot c... complex systen. The model assumes 
a t'l\iO body tare;et of two identical particles in a s-wave 
bound state. The solution of the Faddeev equations has been 
compared with the results of various app-roximations. The 
considered methods are found to be reasonably accurate tor 
small mean separations of the target constituents. For strong, 
attractive potentials the accuracy b6comes worse as the mean 
separation increases. The scattering lenbth calculated 
according to the FCA method shows ~rong analytic behaviour 
as a function of the hadron-nucleon potential strength s, as 
there is no pole in the s-plane corresponding to the zero 
ene:rg,y 'uound state. Due to the avt::raging procedure over the 
n~cl~ar states A is al•ays finite and passes instead 
Lhrou~h zero for some s value. ~ossible ways to alleviate 
this difficulty are considered. 
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IV.A.30 

ASYMMETRY MEASUREMENT OF QUASI-ELASTIC SCATTERING OF POLARIZED 

635 MEV PROTONS BY 12c AND 6Li NUCLEI 

V.S.Nadezhdin, N.I.Petrov, V.I.Satarov 

Joint Institute for Nuclear Research, Dubna, USSR 

Summary 

The asymmetry has been measured with a scintillation counter 

telescope for three values of the momentum projection of the 

residual nucleus to the polarized beam direction equal to +80;0 

and -80 MeV/c. Scattering angles in c.m.s. of the incident and 

nuclear 57° and 42° 
12 nucleus and 57° and protons are for the C 

40° for the 6Li nucleus. 



IV.A.31 
Large angle pd scattering, the D form factor 

and the isobar content of the D 

S.A. Gurvitz and A.S. Rinat 

Weizmann Institute of Science, Rehovot, Israel 

It is usually accepted th~t high-energy backward-angle p-D scattering is 
governed by ba1-yon exchanges. Specifically the failure of simple n Regge-
exchange to account for the observed cross-section has led to the assumptio1: 
that the D has exotic N* components. The observed intensity is then a measure 
for the N* component in the o.l) 

We have reinvestigated multiple scattering (as opposed to exchange) in 
pD scattering (kL = 1.2, 1.7, 2.23, 2.78 and 3.3 GeV/c) by means of a theory 
which does not use the standard etkonal approximations and which is believed 
to be reliable out to lar2e q2. 2 For these large q2 one has also to consider 
NN amplitudes for large q and these are not diffractive as assumed in a 
standard Glauber analysis. The increase of the fNN for large q2 causes the 
single scattering amplitude to again dominate the large q2 pD amplitude. 

The corresponding cross section de~ends on the known NN cross section 
and the n body form factor, beyond the q range where the measured charge 
form factor provides information.3) 

We found that a reasonable extrapolation of the D form factor may 
simultaneously account for all or the major portion of the large q2 pD 
intensity of all data. The postulated extrapolation can be tested by forth-
comin~ d-D data from SLAc.4) If confirmed, much of the postulated e.idence 
for N content of the D should be questioned. 

References 

1) A.K. Kerman and L. Kislinger, Phys. Rev. 180, 1435 ll969). 
2) S.A. Gurvitz, Y. Alexander and A.S. Rinat, submitted to Annals of 

Physics. 
3) A. Elias et al., Phys. Rev. 177, 2082 (1970). 
4) J. Charpak, Communication to the Laval Conference, August 1974. 
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IV.B 

NUCLEAR STRUCTURE AND HYPERNUCLEI 
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IV.B.l 
MOMENTUM-CUTOFF SENSITIVITY IN FADDEEV CALCULATIONS OF TRINUCLEON 

PROPERTIES 

R. A. Brandenberg 
Institute of Theoretical Physics, 

University of Hannover, Hannover, Germany 
and 

Y. E. Kim* and A. Tubist 
Department of Physics, Purdue University 

W. Lafayette, Indiana 47907, USA 

ABSTRACT 

By increasing the cutoff qmax from 1.7 fm-1 to> 2.8 fm-1 in 
momentum-space Faddlev calculations of the trinucleon bound state of 
Harper et al. (HKT) , we eliminate several discrepancies existing 
between the HKT results and the results of coordinate-space Faddeev 
calculations of Laverne and Gignoux (LG)2. Both of these calcula-
tions give complete solutions to the Faddeev equations for two-
nucleon interactions in the ls0 and 3s1 - 3n1 states given by the 
Reid soft-core potential. The calculated value of the binding energy 
(6.98 MeV), the minimum of the charge form factor (13.9 fm-2) and 
the ratio of the experimental to theoretical charge form factor at 
the secondary maximum (3.5) are in good agreement with the results 
(7.0 MeV, 14 fm-2, 3) of LG. We give a detailed comparison of re-
sults for the probabilities of wave-function components. We also 
give a comparison of our results with the variational results of 
Strayer and Sauer.3 The excellent agreement between the two differ-
ent Faddeev calculations and the convergence difficulties of the 
variational method give some support to the Faddeev formalism as the 
standard technique for calculating three-nucleon observables for 
realistic nuclear interactions. 

REFERENCES 

1. E. P. Harper, Y. E. Kim, and A. Tubis, Phys. Rev. Lett. 28, 1533 
(1972). 

2. A. Laverne and C. Gignoux, Nucl. Phys. A203, 597 (1973). 
3. M. R. Strayer and P. U. Sauer, Nucl. Phys. A231, 1, 1974. 

* Supported by the U.S. National Science Foundation 
tSupported by the U.S. Atomic Energy Commission. 
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LIFETIME OF NUCLEAR HOLE STATES CAUSED BY PHONON-HOLE COUPLING 
G.J. Wagner, P. Doll, K.T. Knopfle and G. Mairle 

Max-Planck-Institut ftir Kernphysik, Heidelberg, Germany 

IV.B.2 

A quantitative understanding of the large widths of deep nuclear hole 
states as produced in pick-up or knock-out reactions is still missing. We 
show that Id hole strength distributions in Ar and Ca isotopes are of a 
quasiparticle structure whose width results from phonon-hole coupling. 

S~ectroscopic strengths of t=2 pick-up from 36 , 38 , 40Ar (Ref. 1) and 
4o, 4 , 44 , 48ca (bars in Fig.I) have been obtained from (d, 3He) reactions at 
52 MeV. Due to the low level density the spreading widths (which vary in a 
seemingly unsystematic way by a factor of 2 between 36Ar and 48ca) could be 
measured independently from the much smaller escape widths. The averaged 
strength distributions (full line) show a quasiparticle behavior2 • The 
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intermediate structure is related to the 
energies of basis states where a 
2s, ld312 or ld5/2 hole (with spin j) is 
coupled to the ground or first 2+ state 
of the target (arrows, specified by 2j 
and 2j+). Configuration mixing of these 
basis states through standard phonon-
hole interaction3 yields the average 
strengths distributions given by dashed 
lines for ld3/2 and dashed -and-dotted 
lines for lds/2 pick-up. 

The model reproduces the measured 
widths within typically 10% without any 
parameter adjustment. This demonstrates 
the importance of phonon-hole coupling 
for the spreading widths of nuclear 
hole states. For deep hole states one 
may suspect that other collective states 
as e.g. giant resonances come into play. 

I. P. Doll et al. Nucl.Phys. A230, 329 
(1974) - -

2. C.A. Engelbrecht and H.A. Weiden-
mtiller, Nucl.Phys. Al84, 385 (1972) 

3. S. Wiktor, Phys.Lett. 40B, 181 (1972) 

Fig.I Measured and calculated Id hole 
strength distributions in Ca 
isotopes. For details see text. 



IV.B.3 
SELF-CONSISTENT HYPERNUCLEI WITH THE SKYRME INTERACTION 

M. Rayet 
Theoretical Nuclear Physics, Universite Libre de Bruxelles, 

B 1050 Brussels , Belgium 

The good saturation properties of the Skyrme interactions 1 > 
have made it possible to obtain self-consistently reasonable 
estimates for the binding energy BA of the A hyperon inside va-
rious nuclei rang.ing from 016 to Pb208. The BA were obtained 
with a Gaussian AN force fitted to the binding energy of AHe5. 
They are plotted on fig. 1 versus A-2/3 and are seen to tend to a 
saturation value D~ of about 35 MeV in infinite nuclear matter 
(the continuous lines on fig. 1 are fits of the calculated values 
to the binding energy in a nuclear Saxon-Wood potential with ra-
dius r Al/3 ). As can be expected the calculated B~ values are 
larger than the experimental estimate in the range A = 40 to 100 
(the large cross on fig. 1 which leads to an extrapolated value 
D,,. nearer to 30 MeV) , this overbinding being often ascribed to 
the presence in the AN force of a hard core repulsion and of 
p-wave suppression which were omitted here. 

With a reliable self-consistent method for calculating hyper-
nuclear binding, it becomes possible to investigate also the cha-
racteristics of the A particle motion in particle excited states. 
The excitation spectra of the A particle in different hypernuclei 
exhibit major shell excitations i\w" which vary roughly like the 
corresponding nuclear excitations (40 A-1/3), rather than like the 

BA(Mev) 60 A-2/31aw suggested 

30 

20 

10 

Fig. 1 by Auerbach and Gal 
from qualitative argu-
ments 2). This obser-
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vation may have inte-
resting consequences 
on the possibility of 
strangeness analogue 
resonance formation 
in the hypernuclear 
production processes 
which was discussed 
by Kerman and Lipkin3). 

1) see e.g.:M. Beiner, 
H. Flocard, N. van 
Giai and P.Quentin, 
Nucl. Phys. A238 
(1975) 29 

2) N. Auerbach and 
A. Gal, Phys. Lett. 
48B (1974) 22 

3) A.K. Kerman and 
H.J. Lipkin, Ann. 
of Phys. 66 (1971) 
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IV.B.4 
ON THE PRODUCTION OF HYPER.NUCLEI IN 

STRANGENESS-EXCHANGE REACTIONS 

G.c. Bonazzola, T. Bressani, E. Chiavassa, G. Dellacasa, 
A. Fainberg, H. Gallic, N. Hir£akhrai, A. Musso and G. Rinaudo 

Istituto di Fisica Superiore dell''Universita, I 10125Torino, Italy 
Istituto Nazionale di Fisica Nucleare, Sezione di Torino 

. . 1) . h . We have recently finished an experiment on t e production 
0£ hypernuclei in the strangeness-exchange reactions: 

0£ induced by K 0£ 390 HeV/c with forward emitted n • Targets 
12c, 160 and 27Al were used. The experimental spectra showed a 
preferential production 0£ excited hypernuclear states with cross 
sections 0£ some mb/sr. Similar spectra~ with better resolution, 

1 .. 21 I . were ater measured by Bruckner et al. at 900 HeV c. The inte_£ 
pretation 0£ these hypernuclear spectra is complicated by the 
£act that, up to now, the theoretical predictions are at a ra-
ther qualitative stage. Better insight into the nature 0£ these 
excitations could be obtained with the knowledge 0£ the di££ere_!! 
tial cross sections at di££erent momentum transfers. 
Since our spectrometer allowed the simultaneous measurement 0£ n-
ernitted from 0° to 15~, we are trying to obtain the relative an-
gular distribution, without integrating over the entire solid ~ 
gle as done up to now. 
We could thus obtain the di££erential cross sections £or momentum 
transfers £rom 40 to 80 11.eV/c. This set 0£ data, even in a redu-
ced range 0£ q , could possibly allow us to extract additional 
in£ormation about the nature 0£ the hypernuclear states produced 
in strangeness-exchange reactions. 

1) G.C. Bonazzola et al., Phys. Lett. 53B, 297 (1974); Phys. Rev. 
Lett. 34, 683 (1975) 

2) w. Brucker et al., Phys. Lett. 55B, 107 (1975). 



IV.B.5 

ON A POSSIBILITY TO RESEARCH HYPERNUCLEAR PROPERTIES 

IN THE K+ - MESON ELECTROPRODUCTION REACTIONS 

V.N. Fetisov, and M.I. Kozlov 

(P.N.Lebedev Physical Institute of the USSR 

Academy of Sciences, Moscow, USSR) 

A study has been made of the process of hypernuclear electro-

production in the reactions Az(e,e K+) A(Z-1) on the p -
A 

shell nuclei. It is shown that the hypernuclear levels can 

be investigated by means of a coincidence recording of the 

IC° - meson and the scattered electron in the final state. 

The capabilities of this method are illustrated by the cross 

section calculations for the reaction 7Li(e,e K+)~He 

and 9Be(e,e K+)~Li. Some level spectra of hypernuclei 

with the lowest shell configuration /sA s4pn > have been 

calculated on the basis of the shell model with the central 

A N - interactions. 
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IV.B.6 
HYPERCHARGE EXCHANGE REACTIONS ON NUCLEI 

W.Brlickner, M.A.Faessler, K.Kilian, U.Lynen, B.Pietrzyk, B.Povh, 

H.G.Ritter, B.Schtirlein, H.Schroder and A.H.Walenta 

Max-Planck-Institut fur Kernphysik, Heidelberg, Germany 

Physikalisches Institut der Universitat Heidelberg, Germany 

9 12 The reaction K- +A ----::.,AA +'TT" was studied on targets of Be, C 

and 160 with K- of 900 MeV/c using a separated beam from the CERN PS. 

The momenta of incoming K- and outgoinglT-have been determined with 

a magnetic double spectrometer. Its angular acceptance was 5 msr 

and the energy loss of the reaction could be determined to better 

than 1 MeV. The double focussing property of the spectrometer was 

essential for the separation of the pions from the hypercharge exchange 
reaction from those pions originating from the decay of free K-. 

12 In case of c, where an active scintillator target was used, this 

pion background could be further reduced, by requiring a sufficiently 

large pulse height in the scintillator target. The resulting spectrum 

of the hypernucleus 1~c is shown in fig. 1. 
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The. level structures of the observed spectra will be discussed. 

12c<K-:n->1~c 
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Fig. 1: Energy spectrum of the 
12 hypernucleuld AC. 

E is the excitation ex 
energy relativ to the 
hypernuclear ground-

sta te. 



IV.B.7 
THE INVESTIGATION OF THE 6-TRANSITIONS 
IN LIGHT HYPERNUCLEI 

M.Bedjidianx) t A.Filipkow~kixx), I.Y.G~psiordx), 
A.Gu~char~j , M.GusakowXJf)S.Majewski J, H.Piekarzxx), 
J.Piekarz and J.R.Pizzi 
~stitut de Physique Nucleaire, Universite Claude Bernard 

de Lyon et Institut National de Physique Nucleaire et de 
Physique des Particles /INgP3/ - /France/ 

~Institu~ 0£ Experimental Physics, University of Warsaw 
and Institu'b3of Nuclear Research, Warsaw 

In the previous experiment [1] the <f"-transitions at 
/1.og±o.01/ MeV ascribed to the mass number 4 hyperngclei we7e observed 
in ("-spectrum induced by the K-mesons stopped in Li and6 Li targets. 
Another line at higher energy displayed in a spectrum with Li target 
has not been uniquely identified as a hypernuclear transition. In the 
present experiment done at CERN a further investigation of the 

X--transitions in light hypernuc7ei was continued. The ~-spectra 
induced by K- - mesons stopped in Li target were obtained in coincidence 
with the accompanying pions. The charged 
pions above 40 MeV were detected in a range 
telescope. The pion telescope could also 
detect high-energy conversion electrons from 

7C 0 decays. In the obtained spectrum (.Fig.1) 
two d'""-lines at about 0.75 MeV and 
/l.OS:l:0.02/MeV could be distinguished. 
The latter one obtained in coincidence with 
pions was strongly enhanced as compared 
to the background and corresponds to the 
previously observed 1.09 MaV hypernuclear 
line. The origin of 0.75 MeV line is being 
investigated. I£ it is not a background 
line it may tentatively7be ascribed to 
the ~ -transition in ALix or in one of 
the mass-number 4 hypernuclei. 

References 
[1] A.Bamberger, M.A.Faessler, U.Lynen, 

H.Piekarz, J.Piekarz. J.Pniewski, 
B.Povh, H.G.Ritter and V.Soergel 
Nucl.Phys. ~ 1973 0 '--->n~5~~.~~,_o~~[·~-.J~~,_5~__J 

Gamm ray energy ....,, 

Fig.1 The cr-6-sEectrum (in c~incidence with pions) obtained for 
70.10 K stopped in Li-target. 
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IV.C 

NUCLEON NUCLEON INTERACTIONS 
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IV.C.l 
Neutron-Proton Bremsstrahlung*, G. E. BOHANNON and L. HELLER, Los Alamos 

Scientific Labbratory, and R. H. THOMPSON, Northeastern University. 

We report results of a potential model calculation of neutron-proton 

bremsstrahlung including rescattering and exchange currents. 

Brown and Franklin1 , in a calculation which included the exchange 

current operator to lowest order in the photon momentum, have shown that ex-

change currents are important. 2 Brown has also shown that rescattering must 

be included. 

Our calculation includes the normal one-body current operator and a 

two-body operator due to one-pion-exchange. We perform the calculation in 

momentum space because the exchange current operator is then conveniently in-

eluded without an expansion in the photon momentum. 

3 4 We compare our results with the experimental cross sections ' at 130 

MeV and 208 MeV. 

* Work performed under the auspices of the Energy Research and Development 

Administration. 

1. V. R. Brown and J. Franklin in Few Particle Problems in the Nuclear 

Interaction, proceedings of the international conference on few particle 

problems in the nuclear interaction, Los Angeles, 1972, edited by I. 

Slaus et al. (North-Holland, 1972); V. R. Brown and J. Franklin in The 

Two-Body Force in Nuclei, proceedings of the Gull-Lake symposium on the 

two-body force in nuclei, Gull Lake, Michigan, 1971, edited by s. M. 

Austin and G. M. Crawley (Plenum, 1972). 

2. V. R. Brown, Phys. Lett. 32B, 259 (1970). 

3. F. P. Brady and J. C. Young, Phys. Rev. C ~' 1579 (1970). 

4. J. A. Edgington et al., Nucl. Phys. A 218, 151 (1974). 
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THREE BODY BREAK UP OF THE DEUTERON BY 800 MEV PROTONS* 

T. R. Witten, T. M. Williams, M. Furic, D. B. Mann, J. 
Hudomalj-Gabitzsch, N. D. Gabitzsch, G. s. Mutchler, 

J.M. Clement, R. D. Felder, and G. C. Phillips 
Rice University, Houston, Tx. 77001 

B. W. Mayes, E. V. Hungerford, L. Y. Lee, 
M. Warneke, and J. C. Allred 

University of Houston, Houston, Tx. 77004 

ABSTRACT 

IV.C.2 

The break up of the deuteron by 800 MeV protons has been 
studied in a kinematically complete experiment at the Los Alamos 
Meson Physics Facility. The angles, time-of-flight, and momentum 
of one proton were measured by a broad range magnetic spectrometer 
using multiwire proportional and scintillation counters. The 
angles and time-of-flight of the other coincident proton were 
measured. A liquid Dz target was located in the external proton 
beam (EPB). Data were taken in two phase-space regions, corre-
sponding to final-state interactions (FSI) and quasi-free scatter-
ing (QFS). In the FSI region momentum spectra were obtained for 
five angle combinations corresponding to small neutron-proton rela-
tive energies. The results will be compared to the predictions of 
simple FSI theory. In the QFS region momentum spectra were 
acquired for a number of symmetric and asymmetric angle combina-
tions corresponding to a wide range of momentum transfer. The data 
will be used to determine the range of validity of the impulse 
approximation. 

* Work supported by the U.S. E.R.D.A. 



PION PRODUCTION IN THE 1H(p,~+p)n REACTION AT Ep = 800 MEv* 

J, Hudomalj-Gabitzsch, T. Witten, N. D. Gabitzsch, G. S. 
Mutchler, T. Williams, J. Clement, and G. C. Phillips 

Rice University, Houston, Tx. 77001 

E. Hungerford, L. Y. Lee, M. Warneke, 
B. W. Mayes, and J. C. Allred 

University of Houston, Houston, Tx. 77004 

ABSTRACT 

IV.C.3 

The LAMPF 800 MeV external proton beam has been used to study 
pion production from hydrogen in a kinematically complete experi-
ment. The two charged particles emerging from a liquid hydrogen 
target were detected in coincidence with multiwire proportional 
counters, strobed with fast scintillator logic. A magnetic spec-
trometer was used to determine the momentum of the charged pion at 
one angle, while the proton time-of-flight was measured at a 
second angle. Data were collected for several pairs of angles and 
spectrometer field settings so that the pion-proton relative ener-
gies were near the ~++(3/2,3/2) resonance. A strong enhancement of 
the cross section has been observed indicating the formation of the 
~++ resonance where expected. A comparison of the data with simple 
final state interaction models is in progress. 

* Supported by U.S. E.R.D.A. 
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IV.C.4 
STUDY OF THE REACTION pp+nd AT 398, 455 AND 572 MEV 

D. Aebischer, B. Favier, G. Greeniaus*, R. Hess, A. Junod**, 
c. Lechanoine, J.-c. Nikles, D. Rapin and D.W. Werren. 

University of Geneva, Switzerland. 

A B S T R A C T 

An experiment to measure small angle pp elastic scatte-
ring permitted the reaction pp+nd to be observed simultaneously 
since the deuteron is emitted in a forward cone of -100 in the 
lab. A polarized proton beam was used. Incident and outgoing 
particles were detected in a MWPC. system. Events for pp+nd were 
identified either by using TOF and dE/dX measurements of the deu-
teron, or, when possible, by observing both the TI and d tracks. 
The analysis was made difficult by background due to the other 
inelastic channels which generally have not been sufficiently 
studied up to now. Results of differential cross section and 
n-production asymmetry measurements are presented. 

The differential cross section is usually described by 
the expression 

dcr/dQ* = K (A + cos2 8* + B cos48*) 

A non-zero B-term implies the presence of high order waves in 
the nd system. For B at 572 Mev, a good agreement is obtained 
with the results of C. Serre et al. (nd+pp) and S.S. Wilson et 
al. (np+n°d). At lower energy, the results seem to be incompa-
tible with those of Wilson. The total cross sections, obtained 
by normalization to the pp elastic scattering, are in good agree-
ment with previous measurements. 

The TI-production asymmetry was measured for 0.7~lcos8*!<1. 
At 398 Mev the values are consistent with zero. At 462 Mev, the 
results agree with the fit given by M.G. Albrow et al. At 572 Mev 
the points are higher than the fit to Albrow's data at 590 Mev. 

*National Research Council Fellow at CERN, 
now at the University of Geneva. 

**Swiss Federal Institute of Technology, Zurich, Switzerland. 



IV.C.5 
Meson Theoretical Description of the Short-Range Repulsion 

* in the Nucleon-Nucleon Interaction 

G. E. Brown and J. f).trso 
NORDITA, Copenhagen 

and 

A. D. Jackson 
State University of New York 

Stony Brook, L.I., New York 11794 

Information on the short-range behaviour of the coupling of vector 
mesons to nucleons can be obtained directly from the electromagnetic form 
factors(l). Translation of this into the behaviour of the nucleon-
nucleon interaction via vector-meson exchange(2) indicates much "softer" 
short-range repulsions than would arising from empirical potentials such 
as the Reid soft core. 

It is shown, however, that the exchange of (p,n)-systems with inter-
mediate states involving one or two ~(1230) isobars gives rise to con-
siderable repulsion additional to that from w-exchange. 

1 R. Woloshyn and A. D. Jackson, Nucl.Phys., ~ (1972) 131. 
2 A. D. Jackson, D. o. Riska and B. Verwest, to be published 

* Work supported in part by USAEC Grant No. AT(ll-1)-3001• 
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IV.C.6 
np Total Cross Section Between 50 and 150 MeV 

D.M. Asbury and A.S. Clough, University of Surrey, England 
J.A. Edgington, R.C. Brown and Y. Onel, Queen Mary College, London, England 

U. von Wimmersperg, University of Birmingham, England 
l.M. Blair, AERE, Harwell, England 

N.M. Stewart, Bedford College, London, England 

In 1973 Astbury drew attention 1 to correlations between the structure 
seen in various hadron-nucleon total cross sections, noting that 'bumps' 
appear whenever the c.m. momentum p* reaches a value at which, in the ~N 
system, nucleon isobar production can occur in the s-channel. Interpreta-
tions in terms of a naive quark model were postulated, and precise NN or NN 
total cross section measurements were proposed as tests. Recently measure-
ments were reported2 of the pp cross section at low energies, in which 
structure at p* = 231 MeV/c (corresponding to a c.m. energy in the ~N system 
of 1236 MeV) was seen. 

We have searched for similar structure in the np system; previous 
measurements3, 4 of the total cross section as a function of neutron energy 
were inconsistent, particularly near the lab energy (112 MeV) corresponding 
to p* = 231 MeV/c. Measurements were of the conventional attenuation type, 
utilizing targets of varying carbon/hydrogen ratio in the neutron time-of-
f! ight facility of the Harwell synchrocyclotron. Two pairs of targets were 
used: graphite and paraffin wax, of approximate composition C20 H38 ; and 
decal in (C10H1a) and p-xylene (CaH10), whose mass densities of carbon are 
identical. Excellent agreement was obtained between the two sets of results. 
The data, binned into intervals of a few MeV, have relative errors of less 
than 1%, with absolute precision of ~2%. The np cross sections lie between 
the previous (inconsistent) measurements, and the excitation function is 
quite smooth with no apparent structure between 50 and 150 MeV. 

References 

1. A. Astbury, Rutherford Laboratory Report RPP/H/103 (1973) 
2. A.S. Carroll et al., Phys. Rev. Letters 32, 247 (1974) 
3. P.H. Bowen et al., Nucl. Phys. 22, 640 ("'f961) 
4. D.F. Measday and J.N. Palmieri .~ucl. Phys. 85, 142 (1966) 
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+ IV.C.7 * 
Neutron Production at 0° from the Reaction pp ~ nprr at Medium Energies. 

G, Glass, M. E. Evans, Mahavir Jain, R. A •. Kenefick, L. c. Northcliffe, TA~W, 
C. G. Cassapakis, lri~f; C. W. Bj.ork and P. J, Riley, UTex.; B, E, Bonner and 
J, E. Simmons, LASL, 

Neutron momentum spectra between 450 and 1300 MeV/c have been measured at 
0° from the reaction p+p ~ n+p+-n+ at the incident energies 645, 764 and 798 MeV. 
The neutrons were detected by proton production through the charge exchange 
reaction in a liquid hydrogen radiator. The subsequent proton trajectories 
through a magnet were measured with multiwire proportional counters. At the 
highest two energies the momentum spectra show the general features expected 
from the dominant effects of the (3,3) resonance with a peak corresponding to 
an invariant mass in the prr system of 1215 MeV/c 2 and a width~ 90 MeV/c 2 • 
The 645 MeV data, howeveL, peak approximately 15 MeV/c 2 lower and have a width 
"'80 MeV/c 2 in the p-;r+ invariant mass primarilv because of the reduced overlap 
between the fl++ mass distribution and phase sp~ce, 

Over the energy region spanned in this experiment the assumptions inherent 
in the Mandelstam theory 1 are no longer valid, On the other hand the One Pion 
Exchange (OPE) or peripheral model 2 is not expected to fit the data in detail 
either because it neglects final state interactions which are expected to be 
important in this region, In contrast to previously published 3 measurements 
in this energy region our data have high statistical precision and should pro-
vide a stringent test of improved theories, A modified one-pion-exchange 
calculation 4 with three parameters has reproduced the observed peak positions 
and widths for the 764 and 798 MeV data, 

Deviations occur between the calculation and experiment at the higher two 
energies which we attribute to an n-p final state interaction. At 645 MeV the 
fit is worse presumably because of the increased influence of the n-p inter-
action, 

*supported in part by the U.S. ERDA. 

1s, Mandelstam, Proc. Roy. Soc. A244, 491 (1958). 
2 E, Ferrari and E, Selleri, Nuovo Cim. 27, 1450 (1963). 
3v, E. Barnes and D. V. Bugg, Phys. Rev, Letters]_, 288 (1961), 
4R. C. Slansky, G. J, Stephenson, R. Gibbs, B. F. Gibson, Bulletin of APS, 
Ser. II 20, 83 (1975). 
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(n,p), (n,d), and (n,t) Reactions on 9Be and 12c at 800 MeV. 
*IV .C. 8 

P. Riley, C. Bjork, C. Newsom, U. Tex. ; R. Kenefick, M. Evans, G. Glass, J. 
Hiebert, M. Jain, L. C. Northcliffe, TAMU; B. Bonner, J. Simmons, N. Stein, 
LASL; C. Cassapakis, UNM -- Preliminary measurements of charged particles 

induced by the LAMPF 800 MeV neutron beam have been carried out on targets 
of 12c and 9Be at o0

, 16°, and 24°. A single arm magnetic spectrometer with 
multi-wire proportional counters to define the trajectories of the emitted 
protons, deuterons and tritons was used. 1 Particle identification was pro-
vided by a direct rest mass calculation, based on the measured momentum and 

0 time-of-flight of the charged particles. The proton momentum spectra at 0 

from the 9Be + n and 12c + n reactions were compared with neutron spectra 
from previous 9Be+p and 12c+p measurements2 which exhibited prominent 9Be 

12 0 (p,n) and C(p,n) charge-exchange peaks. The 0 high momentum peaks from 
9Be+n and 12c+n have a similar structure to that observed in the correspond-
ing 800 MeV (p,n) work. However, while the high momentum neutron yield 

9 u from Be+p is greater than that from the C+p by about a factor of 1.7 (at 
647 MeV), the high momentum proton yield from 9Be+n is slightly less than 
that from 12c+n. At 16° and 24° there is no evidence for a direct charge 
exchange peak, but a broad peak attributable to quasifree (n,np) scattering 
is observed. The deuteron momentum spectra show no evidence for the direct 
12 11 9 8 0 C(n,d) B or Be(n,d) Li reactions with the present sensitivity. The 0 

9 12 deuteron spectra for the Be and C targets are similar to those we have 
previously observed for a deuterium target, and show both a weak quasielas-
tic (n,nd) peak and a strong peak at the appropriate momentum for the quas-
ifree reactions n+p.:;m.d+TI 0 and n+n~d+TI- • At 16° these latter quasifree 
deuteron peaks have disappeared, as is expected from kinematic considerat-
ions. All the deuteron momentum spectra show continua presumably due to 
pion production with 3-body final states. Although the absolute yield of 
tritons decreases with increasing angle, the triton yield relative to 

protons and deuterons increases. The triton momentum spectra show no part-
icular structure. 

*Supported in part by the U. S. ERDA. 
1. D. Werren, et al., LASL Report LA-5396-MS (1973). 
2. C. Cassapakis, et al., Bull. of the Am. Phys. Soc. 20, 83, (1975). 



IV.C.9 
MEASUREMENTS AND ANALYS.tS wrrH A ONE PION EXCHANGE MODEL 
OF THE np+pX INCLUSIVE REACTION BETWEEN 1.4 AND 1.9 GeV/c 
AND DIFFERENTIAL CROSS SECTION MEASUREMENTS OF THE np+p6J 3 

REACTION 

G. Bizard, F. Bonthonneau, J.L. Laville, F. Leffebvres, 
J.C. Malherbe, R. Regimbart 
Laboratoire de Physique Corpusculaire, Universite de CAEN 

FRANCE 

J. Duflo, F. Plouin, 
C.N.R.S., Departement Saturne, C.E.N. SACLAY, FRANCE 

A set of 43 momentum spectra of the np+pX inclusive 
reaction has been measured with a good statistical accuracy at 
1.39, 1.56, 1.73 and 1.90 GeV/c (about ten spectra per incident 
momentum) . The neutron beam was obtained by stripping a deuteron 
beam. The final proton has been analysed in angular range from 
0° to 20° (lab.) by a magnetic spectrometer. 

The np+p63 3 differential cross sections~~ are determi-
ned from these spectra. The whole results are analysed by a TI ex-
change model with DUrr-Pilkuhn and Benecke-DUrr parametrizations. 
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IV.C.10 
Absolute Differential Cross Section Measurements for Proton-Proton Elastic 
Scattering at 647 and 800 MeV. *H.B. Willard, P.R. Bevington, R. J. 
Barrett, B. D. Anderson, F. Cverna, H. W. Baer, Case Western Reserve 
University, Cleveland, Ohio 44106, A. N. Anderson, H. Willmes, University 
of Idaho, Moscow, Idaho 83543, and N. Jarmie, Los Alamos Scientific 
Laboratory, Los Alamos, New Mexico 87544. 

Absolute differential cross sections for elastic proton-proton scattering have 
been measured to better than 3% accuracy at 647 and 800 MeV and center-
of-mass angles from 'V 20° to 90°. The external proton beam at LAMPF 
was scattered from polyethylene targets of several thicknesses from 3. 5 to 
19. 7 mg/cm2 • The scattered and recoil protons were detected by multi-
wire proportional chambers (MWPC} in coincidence, with kinematic criteria 
of coplanarity and proper opening angle applied to distinguish elastic 
scattering by protons from the quasi-elastic carbon scattering backgound. 
In addition, background shapes were measured separately with carbon foils. 
The incident beam intensity was measured with a specially constructed 
700 Kg Faraday cup capable of absolute measurements of better than 1 %. 
At low beam intensities the beam was also monitored with an ionization 
chamber calibrated to about 3%. MWPC efficiencies were determined from 
the final data to better than 1 % by requiring 3 out of 4 wire planes plus 
kinematics to define each event through the fourth plane. Modular electronics, 
designed and built at Case, encode the input data prior to processing in an 
MBD micro-processor and storing in a PDP 11 /45 computer system which 
includes on-line graphics. A coincidence trigger tests each event to de-
termine whether prescribed coincidence requirements have been met. This 
system is capable of handling up to 16 MWPC chambers and four logic gates 
(e.g. scintillators} with a resolution time as little as 49 nanoseconds for 
each event. Events which fail to satisfy coincidence requirements may be 
reset in 200 nanoseconds. All known corrections, including multiple 
scattering in the target and MWPC's, target thickness variations, electronic 
dead time, and geometric inefficiencies have been carefully analyzed and 
included in the quoted error. Our results, which constitute the most 
accurate differential cross sections measured at these energies to date, 
will be compared with previous data and current phase shift analyses. 

*Work supported in part by the U.S. Atomic Energy Commission 



PROTON-PROTON BREMSSTRAHLUNG IN THE 
* INELASTIC REGION 

B. M. K. Nefkens, 0. R. Sander, D. I. Sober 
UCLA, Los Angeles, Ca. 90024 

ABSTRACT 

IV.C.11 

We present results £rom a new set 0£ measurements 0£ pp ~ ppy at an 

incident beam energy 0£ 0.72 GeV. The bremsstrahlung process at so high an 

energy has never been explored be£ore. The incident proton energy was chosen 

such that the proton-proton interaction has a large inelastic component, yet 

is low enough that photon emission involving virtual vector mesons is small. 

Furthermore, crt(pp) varies rapidly with energy in this region. Our results 

are compared with so£t photon approximation calculations based on an extension 

0£ the Low theorem1 to £inite photon energies. Such calculations .have proven 
2 to be success£ul in describing pion-proton bremsstrahlung in the region 0£ 

the P33 (1232) resonance. Among other things, we are interested in investi-

gating the possibility that the structureless, monotonically decreasing photon 
+ + spectrum in TI-p ~ TI-PY is a £eature 0£ other hadron-hadron bremsstrahlung 

processes. 

Our results are obtained in a counter-spark chamber experiment in which 

all particles in the £inal state are detected. We measure simultaneously 

16 photon angles in £orward and backward directions £or planar and non-planar 

geometry. One scattered proton is detected in the limited angular interval 

50±7°. 

* Work supported in part by U.S. Atomic Energy Commission. 
1F. Low, Phys. Rev. 110, 971 (1958). 
2o. I. Sober et al., Phys. Rev. D, March 1, 1975. 
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A MODEL OF THE pp -+ pnn+ REACTION AT 764 Mev* IV.C.12 
w. R. Gibbs, B. F. Gibson and G. J. Stephenson, Jr. 

Theoretical Division, Los Alamos Scientific Laboratory 

To analyze reactions in which a pion is produced on a heavy nucleus, it is desirable to have 

a description of the reaction mechanism which is compatible with our models of nuclear wave func-

tions. 1 + To this end, we have made a model of the recently measured pp-+ pnn reaction at 764 MeV, 

in which the neutrons were measured at 0° • The model employs relativistic kinematics but uses 

non-relativistic representations of the pion production operator and of the pi-nucleon scattering 

amplitude. We have assumed the Gallilean invariant form for the production operator and taken the 
2 off-shell extension of the scattering amplitude discussed by Goplen, Gibbs and Lomon for the 

+ n -D absorption, including the parameter values determined by them. The strong interaction in the 

initial state is represented by a Gaussian hole cut from the relative p-p wave function; the size 

of the hole defines a parameter. The curve in the figure includes the effects of the four graphs 

obtained by producing a + 
'Tr or off either proton and scattering it from the other. !n the 

region of interest, the process is dominated by the production of + 
7! from the incident proton, 

and careful treatment of the initial state is carried out only for this case. As may be seen, the 

one parameter fit appears to be quite good over much of the range of the data, however some caveats 

are in order. The deviations around 780 MeV/c are believed to arise from strong n-p final state 

interactions inasmuch as their relative kinetic energy becomes very small in this region. However, 

this suggests that the triangle diagrams must be included, and they may have a noticeable effect 

over the entire range. Also, the quality of the fit is very sensitive to the assumptions made 

about the non-relativistic reduction of the production operator, suggesting the possibility of a 

conspiracy of effects producing the fit to the inclusive reaction. To resolve some of these 

questions, it is highly desirable to have kinematically complete studies of these very interest-

ing reactions. 

*work done under the auspices of the U.S. ERDA. 
1. G. Glass, et al., submitted to this conference; B. Bonner, et al., Laval. 
2. B. Goplen, W. R. Gibbs and E. L. Lemon, Phys. Rev. Lett. 32, 1012 (1974) • 
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SMALL ANGLE SCATTERING OF HADRONS BY DEUTERIUM AND 
EXTRACTION OF HADRON-NEUTRON AMPLITUDES* 

Girish K. Varma and Victor Franco 
Physics Department, Brooklyn College of the City University 

of New York, Brooklyn, New York 11210 

IV .C.13 

When charged hadrons collide with protons and deuterons, both the Cou-
lomb and the strong interactions contribute to the scattering amplitude. 
The analysis of these collisions at small angles, where the interference 
between the two contributions is appreciable, has become one of the import-
ant means of obtaining the real parts of the nucleon-nucleon scattering 
amplitudes. We have studied the problem of Coulomb-n~clear interference in 
high energy hadron-deuteron collisions in a formalism which is exact with-
in the frame work of the Glauber multiple diffraction theory. Realistic 
wave functions are used for the deuteron and the effects due to extended 
charge distributions of the incident hadron and the bound proton are ex-
plicitly included. Using the p-p measurements as input, the theoretical 
results are ~pplied to the p-d elastic and elastic plus quasi-elastic 
measurements between 1 and 70 GeV, to extract the ratio of real to im-
aginary part ..P,. and the slope parameter ~ of the proton-neutron elastic 
scattering amplitude. The results, shown in-the table, differ signifi-
cantly from those of earlier analyses. The errors for .Pn are ,v + 0.07. v.·e 
also derive approximate analytic expressions for hadron-deuteron elastic 
and elastic plus quasi-elastic scattering, which give results very close to 
those obtained from the more exact expressions. These approximate express-
ions are much more convenient for the purposes of numerical evaluation and 
are easily extended to include effects of charge-exchange, which are im-
portant at the lower energies, and also of quadrupole deformation of the 
deuteron, which are important at larger momentum-transfers. 

TABLE 

p (GeV/c) 1. 70 2.78 6.87 8.89 10.9 11.2 15.9 19.3 20.5 

Pn -0.33 -0.10 -0.45 -0.49 -0.48 -0.29 -0.50 -0.32 -0.48 

p (GeV/c) 26.5 34.8 48.9 57.2 60.8 64.8 70.2 

Pn -0.45 -0.38 -0.33 -0.36 +o.06 -0.05 -0.25 

* Work supported in part by the National Science Foundation. 
1. V. Franco and G. K. Varma, Phys. Rev. Lett. 33, 44 (1974). 
2. N. Dalkhazhav et al., Sov. J. Nucl. Phys. 8,-Y-96 (1969); G. G. Beznogikh 

et al., Nucl. PhyS:'" B54, 97 (1973); G. Bellettini et al., Phys. Lett. 
19,341 (1965). - - -
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QUASIFREE NN + dTI AS SEEN IN THE nd + dNTI REACTION IV.C.14 

* R. R. Silbar, Theoretical Division, Los Alamos Scientific Laboratory 

The momentum spectrum of the outgoing deuteron in the reaction 
exhibits a large peak at pd = 1.60 GeV/c nd + d + ••• at T = 800 MeV 

n 1 
with a FWHM of 70 MeV/c. This peak is considerably larger than that of back-

nd + dn, at 1.82 GeV/c. Its position is just below wards elastic scattering, 
the maximum value of associated with pion production and is close to the 
value of that would correspond to a free reaction. 

This suggests that the peak at 1.60 GeV/c is due to quasifree 
NN + dTI. To check this the following calculation was done. We assume the 
Nd + dNTI amplitude is essentially the product of the momentum space deuteron 
wave function ~d times the NN + dTI amplitude. Assuming the latter is 
slowly varying, 

where the rapidly varying f(pd) is the phase space integral of 
the unobserved N and TI momenta. For a Hulthen wave function 

1~d12 
f(pd) 

(1) 

over 
can 

be evaluated analytically. The results of this simple calculation are: 
1) The predicted 

at 1.61 GeV/c, 
pd spectrum indeed has a narrow peak of the right shape 
with FWHM = 45 MeV/c. 

2) The predicted peak height is about twice the observed height. 
3) The integral on pd over the peak gives 88% of the free cross sec 

tion. Experimentally this integral is about 60%. 

We conclude that this quasifree reaction model is reasonably successful 
in explaining the data, but effects such as Glauber shadowing are perhaps 
also present. 

* Work supported by the U. S. Energy Research and Development Administration. 
1 LASL, UNM, Texas A & M, and U of Texas collaboration. 



Abstract Submitted for the 
VI INTERNATIONAL CONFERENCE ON HIGH ENERGY PHYSICS AND NUCLEAR STRUCTURE 

June 9-14, 1975 
IV.C.15 

Energy and Angular Distribution of Neutrons Produced by 800 MeV Proton-
Proton Collisions. J. PRATT, Temple University, R. BENTLEY, Los Alamos 
Scientific Laboratory, H. BRYANT, R. CARLINI, C. CASSAPAKIS, B. DIETERLE, 
C. LEAVITT, T. RUPP, D. WOLFE, University of New Mexico.--TI1e energy spectrum 
of neutrons for ·the reaction p(T=800 MeV)+p-+n+p+rr+ has been measured at 0°, 
14° and 27° laboratory angles. A. neutron time-of-flight detector was used 
for these measurements in conjunction with. the "chopped" beam at the Clinton 
P. Anderson Meson Physics Facility (LA.MPF). The fraction of the beam used 
for TOF had 80 ns between short bursts (,8. ns in width) for the first µs of 
the spill. The remainder of the 350 us spill was not used. The observed 
width of the t:,++ was 85 MeV with instrumental resolution of about 20 MeV. 
Preliminary results show that 1::,+: (1232) production predominates and that 
it falls off more slowly with increased 4-momentum transfe~ than at energies 
above 2 GeV. 
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IV.C.16 
An Exact Treatment of a-Meson Decay Effects in The Exchange 

Contribution to Nuclear Forces.* EARLE L. LOMON, Laboratory for 
Nuclear Science and Department of Physics, M.I.T.--Earlier work 1 
on the a-meson exchange contribution to nucleon-nucleon forces 
has been improved by an exact summation of all pion-bubble 
inserts on a-meson propagators. The resultant theoretical 
boson plus two-pion potential112 is much less sensitive to 

one-
un-

certainities in the a-meson decay rate and is very close to 
realistic nucleon-nucleon potentials. The implications of this 
approach for a reliable treatment of off-shell nucleon effects 
in nuclei will be discussed. 
* This work is supported in part through funds provided by ERDA 

under Contract AT(ll-1)-3069. 
l.Firooz Partovi and Earle L. Lemon, Phys. Rev. DS 1192 (1972) 
2.M. Hussein Partovi and Earle L. Lomen, Phys. Rev. D2 1999 (1970) 



IV.C.17 
POLARIZATION EFFECTS IN Pd BACKWARD SCATTERING 

B.Z.Kopeliovich, I.K.Potashnikova 

Joint Institute for Nuclear Research, Dubna,USSR 

The polarization effects on the pd-backward scattering in the 
framework of the triangular model (see, Fig. 1) are connected with the 
polarization in pp ....,... d'iT+ • The comparison of the calculated 
{using data from /1 /) value of polarization with a measured one at 
the proton energy T = 425 MeV is shown in Fig. 2. The disagreement 
is remarkable. On thR other hand, in the resonant region at T ,..., 600 MeV 
the contradiction is disappeared, as is seen from Fig. 3. If pthe 
triangular mechanism is used for pp ~ d'il+ also, then the po-
larization values in the pd and T\'±,V backward scattering should be 
connected in accordance with Fig. 4 Using the 71±p ~olarization 
data one can find the isotopical bounds pmax and pM1 n for the Pd-
polarization. Such bounds for two energies are shown in Figs. 5 and 6. 
It's seen that polarization at e - 180° should change a sign in the 
region T - 1.4 7 1.8 GeV. p 
References: 
1. C.L.Dolnick, Nucl.Phys. B22,461(1970); 2. N.E.Booth et al.Phys.Rev., 
D4,1261(1970); 3. Yu.K.Akim~et al. Nucl.Phys. 8,637(1958); 
4.'" CERN-Holland Collaboration. M.Borghini et al. -(1971) PhYS L<2tt . .1 B ?:>5 
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IV .C.18 
CHARGE FORM FACTORS OF NUCLEI IN THE ALPHA-CLUSTER MODEL 
E.V.Inopin, Phys.-Techn.Inst.Acad.of Sc.Ukr.SSR,Kharkow, USSR. 
v.s. Kinchakov, Far East State Univ., Vladivostok, USSR. 
V.K.Lukyanov, Joint Inst. for Nucl.Research, Dubna, USSR. 
Yu.S.Pol', The Lebedev Phys.Inst.Acad. of Sc.USSR,Moscow,USSR. 

The Brink alpha-cluster model 111 has been modified 121 
by an inclusion of the trial nucleon functions of the realis-
tic exponential behaviour instead of the usually used Gaussi-
an ones. The analysis of the p -and ~d-shell 4N-nuclei form 
factors has been performed. It shows that in the ground state 
12c and 20Ne are weakly clustered; 160 is not clustered; 24Mg 
approaches the o<-particle nucleus; 28si and 32s have the 

ex -cluster nature, the o< -clusters in 28si being very "spre-
aded" especially the central one; a suggestion on the o< -clus-
tering nature of 4° Ca does not contradict the description of 
its form factor. For all the nuclei it turns out that in the 
excited rotational states the clustering is intensified. As an 
example the figure gives the 24Mg and 28si form factors (solid 
curves - the realistic trial sym. Fermi functions; dashed-Gau-
ssian ones). 

References: 
1. D.M.Brink, Int.School of Phys. "Enriko Fermi", course 

XXXVI (1965) 
2. E.V.Inopin, V.K.Lukyanov, Yu.S.Pol',Yad.Fiz.(Sov.J.of N.P.) 

!2, 987 (1974) 
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One-Boson-Exchange Relativistic Amplitudes IV.C.19 

as Quantum Mechanical Potentials in Lobachevsky Space 

N.B.Skachkov 

Joint Institute for Nuclear Research, Dubna 

In author's paper (Teor.i Mat.Fiz. 22 (1975) 213; JINR 

preprint E2-8285 Dubna, 1974) it has been shown that Feynman 

matrix elements corresponding to the Born approximation to 

the relativistic NN scattering amplitude (OBEP) can be trans-

formed to the three-dimential form. In this form the~look like 

a direct geometrical generalization of the Fourier transform 

of quantum-mechanical potentials obtained by change of the 

nonrelativistic Euclidean quantities by their analogs in Lo-

bachevsky space. In distinction with the Foldy-Wouthuysen 

transf'ormation the transition to the three-dimential form 

achieved by using the Lobachevsky geometry is obtained not 
3 

by expansion in ~a powers, but is an identical transformation. 

The obtained form of OBEP makes them suitable for using in 

two-body relativistic equations of a quasipotential type. 
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IV.C.20 
A CASCADE-EXCITON MARRIAGE MODEL 

K.K.Gudima, V.D.Toneev 

JOINT INSTITUTE FOR NUCLEAR RESEARCH, DUBUA, USSR 

A model based on the kinetic approach to the nuclear 
reactions at intermediate and high energies is developed. The 
incident particle is supposed to initiate an intranuclear 
cascade which results in an excited nuclear system. A subs-
equent evolution of this system is described in terms of the 
exciton model. The condition for possible treatment of the 
fast particle as a cascade one is proximity of' the local op-
tical potential calculated within the intranuclear cascade 
model, \if{Y') : f 'lf 6 j>C~), to the experimental one. Otherwise 
the particle is absorbed. The number of' such absorbed ("exci-
ted") particles and that of' intranuclear collisions (i.e."ho-
les") define the exciton number of· "doorway" state. The Mon-
te Carlo method is used to calculate both the cascade and the 
pre-equilibrium stage. 

The cascade-exciton marriage model has turned out to 
give 
i) the particle angular anisotropy required at comparatively 

low energies due to the cascade mechanism in a f'ar nuc-
leus periphery, 

ii) the fast particle yield at large angles at "frontier" 
energies ( E ':: 60 MeV , experiment 1)) due to the pre-
-equilibrium component. 

One should note that the result of ref. 1) cannot be 
explained within either cascade or pre-equilibrium approach 
only. 

1) F.E Bertrand, R.W Peele. Phys.Rev. ca (1973) 1045 



ON THE ROLE OF NUCLEON-NUCLEON RESONANT FORCES IN THE 
nd-INTERACTION 

V.N.Efimov and E.G.Tkachenko 5 ) 

Joint Institute for Nuclear Research, Dubna, U S S R 

IV.C.21 

Two-particle resonant forces can produce in a three-part-
1 ole system a highly raref·ied state ( a "rare gas" of three 
particles) provided two-particle "resonance radii" are greater 
enough than the potential force radii. The resulting long-ra.IP 
ge interaction in the three particle system does not then de-
pend on details of the pairwise potentials 2 • 

In the momentum representation the relevant one-climensio-
naJ. integral. equations for the S-wave nd-int eraction must be 
cut off at large momenta, otherwise the three-nucleon doublet 
S-state collapsing while the obtained long-range interaction's 
law persisting at diminishing distances 2 • The cut-off para-
meter defined through the experimental. doublet nd-scattering 
length, the calculated nd-scattering S-shifts expose excellent 
agreement with experiment J • The NN-interaction has been ta-
ken either in the zero- or effective-range approximation, the 
triton energy resulting in 8.22-8.68 and 9.19-10. MeV inter-
vals, resp ., depending on the cut-off fashion J • The cut-
off used does not influence quartet phase shifts 4 • 

1. V.Efimov. Nucl.PhYS• 4210, 157, 197J. 
2. L.H.Thomas. Pb.Y's.Rev. fl, 90J, 19J5. 
J. V.N.Efimov, E.G.Tkachenko. JINR, ~-8414, 1974. 
4. V.N.Ef:i.mov, E.G.Tkachenko. Yad.Fiz. !.§, 62, l97J. 

-----------
5 ) V.G.Khlopin Radium Institute, Leningrad, USSR. 
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ABSTRACT IV.C.22 

Pion Production from Nuclei Bombarded by Protons of l, 2, and 
* 3 BeV . R. D. EDGE and D. H. TOMPKINS, University of South Carolina, 

and J. w. GLENN, Brookhaven National Laboratory. -- The differential 

production cross section for positive and negative pions has been found 

for targets of Be, C, Cu and Pb bombarded by 1-, 2- and 3- BeV protons 

at one or more of the angles of o0 , 17° and 32°, using a magnetic 

spectrometer, and time of flight telescope. Isobar decay adequately 

explains the production cross section, with the possible exception of o0 • 

The spectral shapes show some agreement with Monte Carlo calculations of 

Bertini. 
*Work supported in part by the Atomic Energy Co11111ission. 



IV.C.23 
PION PRODUCTION AT THRESHOLD INDUCED BY 154 MeV PROTONS 

% Y.Le Bornec, B.Tatischeff, L.Bimbot, I.Brissaud, H.D.Holmgren, 
J. Kallne, F. Reide and N. Willis. 

Institutde Physique Nucleaire, B. P. nOl, 91406-0rsay {France) 

Differential cross sections corresponding to (p, ir+) reactions at threshold 
(Ep = l S4 MeV) have been measured on several target nuclei using the proton 
beam of the Orsay Synchrocyclotron. The experimental set-up and measure-
ments on a 1 OB target have been relorted previously. We present below, 
results for the reaction 40ca( p, ir+)4 Ca g. s. 

In figure 1. a) the dependence of the differential cross section on the pion 
energy is shown. The measured variation is stronger than that predicted by 
phase space alone. In fact it is not possible to distinguish between the phase 
space factors corresponding to one 2 and two nucleon mechanisms. Both 
account for no more than 25 o/o of the observed variation. The curve corres-
ponds to a calculation in the framework of the one nucleon mechanism 3 using 
Woods-Saxon wave function a) for the captured neutron and optical potentials 
for the proton and pion distorted waves. The pion optical potential has been 
calculated for different energies using the multiple scattering approximation 
and ir-N phase shifts of Roper 4 . The curve has been divided by a normali-
zation factor : 53. 

do/dOcM Cnb/sr) 

8cM =18°6 
q= 2.41 fm-1 

20 

10 

10 Err 20 10 20 

do/dOcM (nb/sr) 

Ep=154 MeV 

f 

30 S°cM 40 l 

In figure 1. b) the experimen-
tal angular distribution is 
compared with various cal-
culations using different 
pion optical potentials and 
single-neutron wave func-
tions defined in table 1 . In 
contrast to other calculaticns, 
it is found that the normali-
zation factor remains rather 
stable. 

Fig.I- 40ca(p,ir+)4lca g.s. results 

Table 1 - Parameters 
used for the curves in 
fig .1. b), and corres-
ponding normalization 
factors. 

Curve 

----

-·-·-·-

Neutron wave func. 

a)V = -52. 5 MeV 
r = 1. 25fm a = •. 65fm 
V = -54. 4 MeV 
r = 1 . 2 3fm a = .. 7fm 
V = -53.4 MeV 
r = 1 . 3 fm a = • 7fm 

1. Y. Le Bornec et al. Phys. Lett. 49B, 434 (1974) 
2. B. Hot•stad et al. Physica Scripta, 2.,. 2 01 (1974) 

Pion opt. pot. 

MST 
Miller II 
Miller II 
Miller I 

Miller I 

3. "PIUCK" code of P.D. Kuntz andE. Rost {Univ. of Colorado) 
4. L.D. Roper et al. Phys. Rev. 138, B 190 (1965) 
5. G.A. Miller, Nucl. Phys. A224, 269(1974) 
% On leave from the University of Maryland. 

norm. 

1/56 
1 /50 
1/35 
1/37 

1/30 
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+ FIRST RESULTS OF (P;rr ) REACTIONS AT 600 MeV IV.C.24 

T. Bauer, R. Beurtey, A. noudard, G. Bruge, A. Chaumeaux, 
P. Couvert, H.H. Duhm, D. Garreta, M. Matoba, Y. :rerrien 

Departement de Physique NucZeaire 
GEN SacZay, BP 2, 91190, Gif-sur-Yvette, France. 

L. Bimbot, Y. Le Bornec, 3. Tatischeff, 
Institut de Physique Nucleaire, BP1, 91406, Orsay, France. 

E. Aslanides, R. Bertini, F. Brochard, P. C-orodetzky, F. Hibou, 

Centre de Recherc"!;c N.ucleaire et Universite Louis Pasteur 
6703-7, Strasbourg Cedex, France. 

First results of the (p,n+) reaction have been obtained with 600 MeV 
protons on CD2 , 6Li and 7Li targets. The experiment has been performed with 
the S?:t:S I spectrometer at Saturne. The pions were identified by three 
Cerenkov counters located near the focal plane of the spectrometer. Energv 
S?ectra were obtained for these three targets with a 450keV energy resolution 
a:i.d angular distributions (from Blab = 5° to 35°) for three levels of the 
final nucleus have been extracted for the 6Li(p,n+) 7Li reaction. A strong 
excitation of the 7/2- state of 7Li has been observed. Assuming a one 
nucleon model ~or the TI production, this strong excitation may be due to a 
two step process as co~pared to a direct reaction. 
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ELECTROMAGNETIC AND WEAK INTERACTIONS 
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E- AND y-NucLEUS INTERACTIONS 
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CORRELATIONS AND BINDING ENERGY SUM RULES V.A.1 

A.E.L. DIEPERINK AND T. DE FOREST JR. 
Instituut voor Kernphysisch Onderzoek, Amsterdam 

Knock-out reactions of the type (e,e'p) provide an important 
tool for the study of single-particle aspects of nuclear struc-
ture. While the results of recent (e,e'p) experiments basically 
confirm the correctness of the independent particle shell model 
(IPSM) picture it also appears that certain features can only be 
explained if correlations are taken into account. Deviations 
from the IPSM play an important role in Koltun's binding energy 
sum rule l) (expressed in a shell model basis, neglecting center-
of-mass effects) : 

1 
EA= 2 (a~ Pas TaS + ~ Pa Ea), (l) 

where pa denotes the s.p. occupation probability and 
E = - <~\a +(H-EA)a \~>/p , the mean removal energy. A a a a a 

direct experimental test of (1), which holds if the hamiltonian 
contains no more than two-body interactions, requires the inclu-
sion of the contributions from the normally empty states (a>F) , 
which are difficult to identify since they occur with too little 
strength or above the experimental cut-off. 
Theoretically the contribution of these states to the r.h.s. of 
(1) can be estimated by assuming that the strength comes from 
2p2h correlations (described by the defect wave function x) , and 
that the excitation energy of the final lp2h states can be eva-
luated with a free particle spectrum. Noting that the first term 
in (1) cancels with the contribution of the particle energy the 
sum a,S>F in (1) can be expressed as 

~ L \<aS\xh h >\ 2 (Eh +Eh ) = L (1-ph)Eh. 
aS>F,h1h 2<F 1 2 1 2 h<F 

By using reasonable values for pa and Ea one obtains in 12c a 
net increase of 2-3 MeV binding energy per nucleon from the nor-
mally empty states,which is comparable to the observed discrep-
ancy of 3 MeV. It is interesting to note that after the elimi-
nation of the explicit sum a>F (1) takes on the form 

1 EA=2 &<F(paTa+(2-pa)Ea), i.e. the expression for the binding 
energy in RBHF theory. 
1) D. Koltun, Phys. Rev. Lett. 28 (1972) 182 
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Electron Scattering from sml44,148,150 V.A.2 
N. Haik, J. Alster, S. Cochavi and M.A. Moinester 
Tel-Aviv University 
J.B. Bellicard, P. Leconte, Phan-Xuan-Ho and S. Turck 
Centre d'Etudes Nucl~aires de Saclay 

-I 
10 

·II 
10 

_, 
10 

FJG 1 

dr 
-S Jn 

10 -L 

-f 
" 

!la 
sr: 

••• 

Sm((,t) 

• s ... '"" 

Fi .. \.}_ t> '" 100 
Lf a.o .i.~ 

Sm(~,~'J 

Ee==-4t>o ""1eV 
• Sm 11111 3-
" s.,,,'"' ').+ 
+ s.,,.,1so :z+ 

1.5 .i.s 

We have started a program to 
measure electron scattering 
angular distributions for all 
the even Samarium isotopes at 
200 and 400 MeV, using the 
Saclay Electron Accelerator 
facilities. We report here 
results of the data obtained 
for sml44,148,150 at 400 MeV. 
Energy spectra for low lying 
states were measured, with 
typical resolution of 130 keV, 
over the angular range of 250 
to 100, corresponding to 
momentum transfers between 0.9 
and 2.3 p-l. The measured 
form factors for the elastic 
scattering on Sm 144,148,150 
are shown in Fig. 1. Good 
fits were obtained with a 
three parameter Fermi model 
using the phase shift analysis 
program ELASl). Figure 2 
shows the angular distributions 
for the 3- state of sml44 at 
1.81 MeV, the 2+ state of Sml48 
at 0.55 MeV, and the 2+ state 
of Sm15 0 at 0.33 MeV. In addi-
tion, we have obtained angular 
distributions to states in 
sml44 at 1.66, 2.19, 2.32 MeV, 
corresponding to J~ = 2+, 4+, 
and possibly 6+ states respec-
tively. We observe also the 
(3-,4+) doublet at 1.17 MeV in 
Sm14B, and the c2+,3-) doublet 
at 1.06 MeV in smlso. 

1. G.H. Rawitscher and C.R. 
Fischer, Phys. Rev. 122, 
1330 (1961) and Phys-:--R°ev. 
~' 377 (1964) . 



RESCATTERING EFFECTS IN THE y+D+p+p+n REACTION 
J.M. Laget and I. Blomqv.ist 

Departement de Physique Nualeaire 
GEN Saalay, BP.2, 91190, Gif-sur-Yvette, France. 

V.A.3 

We have investigated the effects of the pion nucleon rescattering on 
the yield of the y+D+p+p+n- reaction. 

Starting from time ordered Feynman diagrams we have computed the non 
relativistic limits of the corresponding matrix elements (keeping terms 
in order p/m). We have described the pion photoproduction vertex by the 
isobaric model and by the Born terms, and the pion-nucleon scattering 
vertex by the isobaric model. 

The interesting feature of this process is that these two particles can 
be on their mass shell before the scattering. The singularities of these 
diagrams are near the physical region and the rescattering matrix element 
is then enhanced. 

Its contribution becomes as important as the contribution of the pole 
diagram (spectator nucleon model) near momentum of the spectator nucleon 
P ~ 150 MeV/c. Strong deviations from the spectator model are predicted, 
coming mainly from interference effects. 

We have also investigated the proton-proton rescattering effects, but 
they are smaller than the pion nucleon rescattering ones. 

A comparison to the Saclay data ltJ will be presented at the conference. 

[1] P.E. Argan et al. Communication to this conference. 
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- 4 -THE D(y,p~ ) AND THE He(y,p~ ) REACTIONS 
FOR HIGH VALUES OF THE RECOIL MOMENTUM 

P.E. Argan, G. Audit, N. de Botton, J.L. Faure, 
J.M. Laget, J. Martin, C. Schuhl, G. Tamas 

Departement d.e Physique Nualeaire 
GEN Saalay, BP 2, 91190 Gif-sur-Yvette, Franae 

V.A.4 

In order to understand the behaviour of baryonic resonances in nuclei 
we have undertaken the study of the A(y,p~-)B reactions in the ~(1236) re-
sonance region. 

We have measured the ~- photoproduction yield on deuterium with a 
complete determination of the kinemat~cs through detection of a pion and a 
proton in coincidence. The Hremsstrahlung end point was low enough to avoid 
two pion emission. For 2.ow values of the undetected proton momentum 
(10 ~ p ~ 80 MeV/c), we have deduced, in the framework of the spectator 
nucleon model, the values of the cross section of the elementary process 
y+n +p+~- at ca~1c.m. = 90° (dash~d area in the figure), in good agreement 
with the previously known data (1]. But for high value of this momentum 
(80 ~ p ~ 250 MeV/c) we have found significant deviations (experimental 
points in the figure) from the spectator· nucleon model. 

Deviations were also found in the 4He(y,p~-) reaction studied with 
the same mLthods. These results confirm departure from a model based on 
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the distorted wave impulse 
approximationt we had repor-
ted earlier 2] . 

[11 See for instance : P.Benz 
et al. Nucl. Phys. B65 (1973) 
158. -

[2] P.E. Argan et al. Phys. 
Rev. Lett. ~ (1972) 191 • 
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16 0 FORM FACTORS INTERPRETED 
BY THE GENERALIZED HELM MODEL 

V.A.S 

II + 
B.A.Lamers*, R.D. G~aves, and H.Uberall 

Catholic University of America,Washington DC 20064 

The generalized Helm model has proved a convenient tool for 
fittingl experimental electron scattering form factors by a few-
parameter expressions derived from appropriate Gaussian -smeared 
transition densities that peak at the nuclear radius. Once fitted, 
the model may be used for predicting transitions to the same levels 
induced by other medium-energy reactions~ and it is not restricted 
to nuclei near closed shells. For 160, we combined low2 - and high3 

-..:i. data to obtain these fits, some of which are shown in Figs. 1 
and 2 for the 14-MeV (1-,2- and 3- ) and 19-MeV (1-,1-,2- and 4- ) 
T=l level complexes. 

It is proposed to utilize this procedure for a tabulation of 
medium-energy properties of nuclear levels by listing the Helm-
model parameters. Note that so far,conventional tables are largely 
restricted to static properties of nuclear levels. 

I0-2r-----------~ 

~ 

Fig.l 
Helm-model fit 

,.,., 

to 14 MeV com-
pl ex 

Fig.2 
Helm-model fit 
to 19 MeV com-

pl ex 

> 
.,. 

'" 20 .. 
q(tm-1) 

* Now at Hughes Aircraft Co.,Culver city cal. 90250 
+Also at the Naval Research Laboratory, Washington DC 20375 1 II H.Uberall,B.A.Lamers, J.B. Langworthy,and F.J. Kelly,Phys. 

2Rev. C6, 1911 (1972) 
M.Strotzel and A.Goldman,Z. Physik 233,245 (1970) 3 ~-
I. Sick et al, Phys. Rev. Letters 23, 1117 (1969) 

Work supported in part by the National Science Foundation. 
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PION PHOTOPRODUCTION AND RADIATIVE 
PION CAPTURE IN FLIGHT FROM 160 

II 
Anton Nagl and H. Uberall* 

Catholic University of America, Washington, D.C. 20064 

V.A.6 

In Medium Energy Physics, intormation on nuclear level form factors 
gained in one nuclear reaction may be utilized in order to predict the out-
come of measurements for other reactions involving the same level. We here 
use a phenomenological description of the T=l levels in 160 by the generalized 
Helm model, 1 fitted2 to the measured electron scattering form factors, in order 
to predict angular distributions for charged pion photoproduction near 
threshold, and for radiative capture of charged pions in flight on an 160 
target, with excitation of the analog levels. Fig. 1 shows differential cross 
sections for positive pions produced by 180 MeV photous~ EL and ML levels are 
labeled according to a scheme shown elsewhere. 3 The 0.e interaction and 
plane-wave pions have been used. 
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Fig. 1 Angular distributions of n+ produced by 180-MeV 
photons with excitation of T=l, ML or EL levels. 

Work supported in part by the National Science Foundation. 
*Also at the Naval Research Laboratory, Washington, D.C. 20375 
1M. Rosen, R. Raphael and H. UberallA Phys. Rev. 163, <]2.7 (1967). 
2 B. A. Lamers, R. D. Graves, and H. Uberftll, abstract, these proceedings. 
3 J. B. Langworthy, B. A. Lamers, and H. Uberall, abstract, these proceedings. 



V.A.7 
EXPERIMENTAL STUDY OF SINGLE CHARGED PION PHOTOPRODUCTION 

FROM COMPLEX NUCLEI 

K. Baba, I. Endo, M. Fujisaki, s. Kadota, Y. Sumi 
Department of Physics, Hiroshima University, Hiroshima, Japan 

H. Fujii, Y. Murata 
Institute for Nuclear Study, University of Tokyo, Tokyo, Japan 

s. Noguchi 
Department of Physics, University of Tkyo, Tokyo, Japan 

A. Murakami 
Department of Physics, Saga University, Saga, Japan 

ABSTRACT 

The differential cross section d 2 cr/dndp has been measured by 
a magnetic spectrometer for the processes C(y,TI-) at a lab angle 
8=44.2° and Cu(y,TI±) at 28.4° by using the 1.3 GeV electron syn-
chrotron at Tokyo. The initial photon energy, which covered inter-
vals from 300 to 850 MeV for carbon and from 400 to 750 MeV for 
copper, was determined by a subtraction method with a 50 MeV width. 

The observed pion-momentum spectra for carbon show singly-
peaked distributions, the width of which is approximately propor-
tional to the average incident photon energy <k>. The energy 
spread of initial photons contributes to this width by about 50 
MeV/c almost independently of <k>. Additional broadening of the 
width is mainly due to the Fermi motion of target nucleon. 

Values of peak momentum in these spectra are systematically 
smaller by about 30 MeV/c than those of pion momentum correspond-
ing to free nucleon kinematics. A similar shift has also been 
observed in quasielastic scattering of electrons from nuclei and 
will be explained by nuclear binding effect and pion-nucleus final 
state interactions. 

The differential cross section dcr/dn, which is obtained by 
integrating the pion spectrum over p, shows an indication of en-
hancement due to both of the ~(1232) and N(l520) resonances. This 
fact is contrasted to our previous data for carbon at 28.4°, in 
which the N(l520) is observed, whereas the ~(1232) is strongly 
suppressed. This implies the predominance of the effect of Pauli 
principle inside the target nuclei. In fact, this effect suppres-
ses a transition of nucleon to a state with small momemtum transfer 
and consequently, the smaller 8 and <k>, the stronger the cross 
section is suppressed. 

The data for copper are very similar to those for carbon 
apart from their absolute magnitude. The A-deJ?findence of dcr/dn 
seems to be proportional to A rahter than to A in a relatively 
low A region. 

The coincidence measurement of the process C(y,TI-p) is also 
performed parasitically. Preliminary results indicate that the 
deparation energy distribution in this process is extended to 
much higher energy region compared with those observed in (e,e'p) 
and (p,2p) reactions. 
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THRESHOLD PION PHOTOPRODUCTION FROM 12C V.A.8 
II 

Anton Nagl and H. Uberall* 
Catholic University of America, Washington, D.C. 20064 

Charged pion photoproduction from 12C near threshold is now under active 
investigation at MIT. 1 This reaction proceeds to the ground states of 12B or 
12N, i.e. the T=l analogs of the 15.l MeV, l+ level in 12c. We described the 
latter by an improved version of the Helm model fitted to the inelastic ee' 
form factor. 3 The full nN interaction4 was used in an impulse-approximation 
calculation, together with pion wave functions distorted by an optical 
potential 5 , in order to obtain the total cross sections shown in Figs. 1 and 
2 (heavy lines). These are compared to earlier results of Koch6 (light lines) 
who used the shell model. 

This work was supported in part by the National Science Foundation. 
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*Also at the Naval Research Laboratory, Washington, D.C. 20375. 
1 A. M. Bernstein et al, Bates Linear Ac·~elerator Newsletter, Vol. III, No. 1, 

January 1975 
2 J. Deutsch et al., Bull. Am. Phys. Soc • .!2, 1006 (1974) 
3 H. Uberall et al., Phys. Rev. c6, 1911 (1972) 
4F. A. Rerends et al., Nucl. Phys. B4, 1 (1957) 
5 F. Cannata et al., Canad. J. Phys. ,2g_, 1405 (1974) 
6 J. H. Koch and T. W. Donnelly, Nucl. Phys. B6, 478 (1973) 



V.A.9 
The 11B(y,~-)11c Reaction near Threshold 

E, J. Winhold, L. J, McVay, K. Min, P. Pella, D. Rowley, P. Stoler, 
S, Trentalange, and P. F. Yergin 

Rensselaer Polytechnic Institute, Troy, N.Y. 12181 

K.S.R. Sastry 
University of Massachusetts, Amherst, Mass. 

W. Turchinetz 
Massachusetts Institute of Technology, Cambridge, Mass. 

The yield for the 11B(y,~-) 11c reaction has been measured at a 
series of energies near its 142.5 MeV threshold by the residual activity 
technique. Measurements were made in steps of 1 MeV to 150 MeV and in larger 
steps above this. The reaction was initiated by thin-radiator bremsstrahlung 
provided by the MIT Bates Electron Linac. Such threshold (y,~-) studies are 
of particular interest in light of recently-reported (y,~+) measurementsl on 
several light nuclei which disagree significantly with theory.2 

The cross section deduced from the experimental yield data rises 
abruptly within a few MeV of threshold to a value of about 12 microbarns at 
150 MeV. This behavior is not inconsistent with the calculated Coulomb 
correction of Tzara,3 which predicts a step-like threshold behavior. Our 
results are consistent in general with previous data for this reaction taken 
only at higher energies. At 160 MeV for example, the cross section is about 
25 microbarns, in reasonable agreement with the lowest energy data point of 
Dyal and Humme1.41 While the cross sections to each of the several particle-
bound states of 1 C cannot be separately deduced from the present data, there 
is significant strength near threshold to the ground or 2.00 MeV states, or 
both. The data will be compared with theoretical calculations. 

* Supported in part by NSF and ERDA. 

1J. Deutsch et al., Phys. Rev. Lett. 33, 316 (1974 
Bull. Am. Phys. Soc. 19, 1006 (1974) 

2J. Koch and T. W. Donnelly, Nucl. Phys. B64, 478 (1973) 
3c. Tzara, Nucl, Phys. Bl8, 246 (1970) 
4 P. Dyal and J.P. Hummel, Phys. Rev. 127, 2217 (1962) 
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V .A.10 
MEASUREMENT OF ELECTRON-DEUTERON SCATTERING AT LARGE MOMENTUM TRANSFER*t 

R. G. Arnold 
The American University, Washington, D. C. 20015 

ABSTRAC'1 

We have measured the electron-deuteron elastic scattering cross-section 
at the Stanford Linear Accelerator Center at 8 values of the momentum trans-
fer q2 from 1 to 6 GeV 2 (25 to 155 fermi- 2 ). The scattered electrons and the 
recoil deuterons were detected in coincidence using two high-resolution spec-
trometers. Elastic electron-proton coincidence measurements were also taken 
for each value of q2 • The deuteron cross-section is deduced from a ratio of 
the deuteron form factor above a q2 of 1.4 GeV 2 (35 fermi- 2 ) where elastic 
electron scattering probes the deuteron wave function near the core. It re-
presents, we believe, the first good look at the two-nucleon system when the 
neutron and proton largely overlap, and gives new information on the nuclear 
force at small distances. Preliminary results of our measurements will be 
presented and compared to the predictions of the deuteron 1 s electric form 
factor by the impulse approximation, meson exchange current dominance and by 
the quark dimensional scaling model. 

* Work supported by the National Science Foundation and the U.S. Energy 
Research and Development Administration 

tco11aboration: R. G. Arnold, B. T. Chertok, E. B. Dally, A. Gregorian, C. L. 
Jordan, F. Martin, B. A. Mecking, W. P. Schutz and R. Zdarko 



THE NEUTRON CHARGE FORM FACTOR AND 
ELECTRODISINTEGRATION OF TRITON 

*t K~mt B. A. Craver and Y. E. _._ 
Purdue University, West Lafayette, Indiana 47907 

ABSTRACT 

V.A.11 

We report the results of a preliminary analysis of a proposed 
experiment of Bertozzi1 to measure the neutron charge form factor, 
F~h(Q2 ), by observing the three-body electrodisintegration of 3H in 
which the emitted neutrons have a small relative momentum but carry 
off all the momentum transfer, Q, leaving the proton behind at rest 
(we refer to this configuration as "Bertozzi" geometry.) Neglecting 
final state interactions between the proton and the emitted neutrons, 
we estimate, in the impulse approximation, the differential cross 
section for charge scattering as a function of the momentum transfer 
for various electron scattering angles. We use the S-state triton 
wave function of Harper et. al.2 and the ls 0 scattering state for 
the neutron pair, both generated from the Reid soft-core potential.3 
We find that for Q ~ 2 fm-1, scattering due to Fn (Q2) accounts for 
more than 75% of the cross section. This is in ~Carp contrast to 
the experiments on elastic electron-deuteron scattering, from which 
present knowledge of F~h(Q2) is obtained4 , and indicates that this 
approach could result in a significantly more accurate determination 
of F~h(Q2 ). The possibility of using geometries other than 
"Bertozzi" geometry, and the effects of final state interactions, 
exchange currents, and magnetic scattering will also be discussed. 

REFERENCES 

1. W. Bertozzi, private corrnnunication. 
2. E. P. Harper, Y. E. Kim and A. Tubis, Phys. Rev. Lett. 28, 1533 

(1972). 
3. :R. V. Reid, Jr., Ann. of Phys. (N.Y.) 50, 411 (1968). 
4. S. Galster, H. Klein, J. Moritz, K. H. Schmidt, D. Wegener and 

J. Bleckwenn, Nucl. Phys. B32, 221 (1971). 

tSupported by the U.S. National Science Foundation. 
* Supported by the Atomic Energy Commission. 
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V.A.12 

ELECTROEXCITATION OF J \i= 6+ STATES IN 50 cr AND 52 cr 

J.B. Bellicard, B. Frois, M. Huet, Ph. Leconte, A. Nakada, 
Phan Xuan Ho, S. Turck, P. de Witt Huberts 1!: 

- CEN Saclay - B.P. n° 2 - 91190 Gif-sur-Yvette 

and 

J. W. Lightbody, Jr 
National Bureau of Standards Gaithersburg, Maryland U.S.A. 

We have observed the 6i - states in 50cr and 52 cr at Ex = 3.11 
and 3. 16 MeV, respectively, 'in a study of the excitation spectrum up to 
15 MeV with an overall energy-resolution of 3. 5 lo-4 , using a 400 MeV 
electron beam from the A. L. S. In fig. 1 are shown the E6 form-
factors obtained after substraction of the 'near-by 2 ~ -state contribution 
assuming the zt form-factor shape. Recent ll'-decay studies of high-spin 
states 1f 7 /z -shell nuclei, excited in heavy-ion reactions, have given 
evidence for the relatively pure single-particle nature of these states l)_ 
To test this observation D. W. B.A. form-factors were calculated using 
(If 7 /z)n-space wave functions with a harmonic oscillator length-parameter 
b = 1. 95 fm. The curves shown in fig. 1 represent best fits to the data 
by scaling the calculated form-factors. One notes the decrease of collec-
tivity by factors 0. 2 and O. 6 for the E6 transitions in contrast to the 
collective nature of E2 and E4-transitions in these nuclei. 
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REFERENCES 

1 . G. Fortuna et al. , Proceedings Int. 
Conf. on Nucl. Structure and Spec-
troscopy, Amsterdam, Vol. l, p. 85, 
( 1974) 

* on leave from Institute for Nuclear 
Physics Research (IKO),Amsterdam. 

Fig. 1 E6 form-factors in 5° Cr 
and 52 cr. 



V.A.13 
EXTRACTION OF NUCLEAR FORM FACTOR FROM (e,e') CROSS SECTIONS 

H.C. Lee and F.C. Khanna 
Atomic EnePgy of Canada Limited, C.R.N.L., Chalk RiveP, Ont., KOJ lJO, Canada 

It is shown that the equation for (e,e') in DWBA expressing 
the differential cross-section, cr(B), in terms of the nuclear 
transition form factor, f1..(q), can be numerically inverted, at 
least when the transition is dominated by one multipole. Sets of 
11 experimental" {crexp(8i)} are generated as input from a known form 
factor and it is defuonstrated that the form factor can be accur-
ately recovered in the inversion process. In extracting the form 
factor from data the parametrization 

N 
f>..(q) = f~O) (q) + I en Rn>..(qb) 

n=l 

is used, where the trial form factor is given by 

I fio) (q(e)) I 

and Rn>.. are taken to be spherical harmonic oscillator functions 
with the length parameter b appropriate for the scattering nucleus. 
The coefficients en are determined by the variational equation 

where Ei is the error. The number 
of terms N is roughly dictated by 
the maximum momentum transfer 
involved in the data. The figure 
shows results for two extractions 
for a o++z+ transition in a ficti-
tious nucleus with Z=28. In case 
"a" the data set corresponds to 
q(B)=40-360 MeV/c in steps of 10 
MeV/c with an error of 10%. In 
case "b" the data is extended up 
to q(B)=SSO MeV/c. In both cases 
the extracted form factors, within 
the range of momentum-transfer 
limited by the respective data set, 
are essentially indistinguishable 
from the form factor used to gen-
erate the "experimental" cross-
sections. 
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V .A.14 
NUCLEAR TRANSITION FORM FACTOR AND TRANSITION DENSITY 

IN INELASTIC ELECTRON SCATTERING 

H.C. Lee and F.C. Khanna 
Atomic Energy of Canada Limited, C.R.N.L., Chalk River, On~, KOJ lJO, Canada 

Relative merits for analysing (e,e') data in the DWBA in 
terms of the nuclear transition form factor and the transition 
density are compared. It is shown that the description in terms 
of the form factor is overwhelmingly favored. We list a few of 
the reasons. (a) Four densities, the charge, the longitudinal and 
transverse current, and the magnetization densities, supplemented 
by the continuity equation which is in general difficult to imple-
ment, are needed in the density description. Only three indepen-
dent form factors (Coulomb, transverse electric and magnetic) are 
needed in the other approach; (b) Corrections (such as two-body 
correlation, exchange current, etc.) to the dominant one-body term 
are relatively easy to calculate only for the form factor; 
(c) Within limits a one-to-one mapping can be made from a set of 
cross-sections to a section of the form factor whereas this map-
ping is not possible for the density. In an accompanying contri-
bution such a mapping for the form factor is demonstrated. The 
figure here shows the uncertainty involved when a similar mapping 
is attempted for the transition density. The density PA and the 
uncertainty ~PA are written as 

A oo 

pA(r) ~ ~ fA(q)jA(qr)q2dq + ~ fA(q)jA(qr)q2dq 

= P~A)(r) + ~P~A)(r) 
o.oe 

where fA is the form factor extrac-0 
ted from data, j A is the spherical z 0 ·06 

Bessel function, and A is approxi- ~ 
mately the maximum momentum trans- > ~~ 
fer involved in the data. In the ~ 
figure A = 580 MeV I c for the shaded ~ 
and sol id curve marked "b", A = 4 7 0 ~ 
MeV/c for the curve(s) marked "a" <( 

and A= 320 MeV/c for the dash-dot > 
curve. For the last case ~PA is ~ 
not determined as f A (q) is assumed ~ -o.o2 

zero beyond q=320 MeV/c. o 
z -0.04 
0 

DENSITY GENERATED 
FROM FIT "b" 

2 3 4 5 
r { f m) 
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PION PHOTOPRODUCTION IN c 12 ,JUST AROVE THRESHOLD V.A.15 

A. M. Bernstein, N. Paras, W. Turchinetz 
Massachusetts Institute of Technology, Cambridge, Massachusetts 

E. C. Booth, B. Chasan * 
Boston University, Boston, Massachusetts 

ABSTRACT 
A bremstrahlung beam from the Bates Linear Accelerator has been used 

to observe the c12 (y,~-)N1 2 reaction. The total cross section up to an ener-
gy of 12 MeV above threshold was measured by observing the energetic e+ rays 
from the decay of 11 millisec. N12 by counting between accelerator beam 
bursts. The results for the absolute yield curve are shown in the figure 
(plotted as a function of the energy above the pion threshold). It is in good 
agreement with theoretical predictionsl,2. Experiments on the (y,~) reaction 
near threshold indicate the need for further investigation, since the 
Li6(y,~+)He6 experi·mental data3 is 60% smaller than theoretical predictions1 
and the Bll(y,~-)C 1 experiment4 is about two times the theoretical predic-
tion1. 

* Funded in part by ERDA contract AT(ll-1)-3069, and by NSF 
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REFERENCES 
1. J. Koch and W. Donnelly, Nucl. Phys. B64,478 (1973), and J. Koch, 

private communication. 
2. H. Uberall, Private communication. 
3. J. Deutsch et al, Phys. Rev. Let. 33,316 (1974). 
4. J. Winhold et al, private communication. 
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V.A.16 
Renormalization of the pion photoproduction hamiltonian in nuclei 

J. DELORME: IPN, Universite de Lyon, 43 bd du 11 novembre 1918 
69621- Villeurbanne France 

M. ERICSON: IPN, Universite de Lyon, 43 Bd du 11 novembre 1918 
69621- Villeurbanne France 

G. FALDT Institute of theoretical physics - Lund - Suede. 

We investigate the nuclear renormalization of the effective 

hamiltonian for pion photoproduction at threshold. As in the scattering 

case, one source of renormalization i's the nuclear polari,sability: the 

production of the pion on a nucleon first excites the nucleus which is 

brought back to the ground state in a second step when the pion is scatte -

red by another nucleon. This effect is de scribed by the effective field 

approach. We find that the short range and long range parts of the photo-

production interaction undergo very different renormalizations. 

We show that meson exchange phenomena are responsible 

for a second type of renormalization. Using both kinds of many body effects 

i. e. nuclear polarizability and me son exchange contributions, we are able 

to display the link between the soft pion approach and the microscopic 

description of threshold pion photoproduction. 



V.A.17 
ANGULAR MOMENTUM TRANSFER IN THE Au197(7,rr-)Hgl97 REACTION* 

Heinrich A. Medicus and Robert Smalley+ 
Rensselaer Polytechnic Institute, Troy, N.N. 12181 

The isomer ratio in Hg197 from the Au197(,,rr-)Hg197 reaction induced by 
157-MeV bremsstrahlung from the Bates Linear Accelerator has been measured. 
This ratio (after corrections for contributions from secondary reactions) is 
oisomeric state: oground state= 2.1 ! 0.6. The spin of the ground state of 
Au197 is 3/2, that of the ground state of Hg197 is 1/2, and that of the isom~ 
eric state 13/2. Below the isomeric state are two states with spin 3/2 and 5/2, 
respectively. Thus, the observed preference for the state with high angular 
momentum must imply a photon absorption of relatively high multipole order for 
this reaction, likely of 25-pole character. Photons of 150 MeV can easily pro-
vide an angular momentum of 5 units of fl to a nucleus with a radius of 8 fin, 
because kr = 6. At this photon energy mostly s-wave pions are emitted. 

An explanation for the surprisingly high isomer ratio may be the following: 
The ground state of the target nucleus and the four lowest states of the prod-
uct nucleus have the occupation numbers in the relevant subshells as given in 
the table. 

State Protons Neutrons 

Aul97 
lhll/2 2%/2 3sl/2 lil3/2 3p3/2 2f5/2 3pl/2 

ground st. 3/2+ 12 3 0 14 4 0 0 
Hgl97 ground st. 1/2- 12 4 0 12 4 0 1 

1st exc. st. 5/2- 12 4 0 12 4 1 0 
2nd exc. st. 3/2- 12 4 0 14 3 0 0 
isomer. st. 13/2+ 12 4 0 13 4 0 0 

Occupation numbers that differ from those of the Aul97 ground state are under-
lined. 

It is thus seen that the isomeric state and the second excited state can 
be obtained simply by removing one neutron from a subshell and adding it as a 
proton to the 2d3/2 proton subshell. The ground state and the first excited 
state, however, need changes in two neutron shells and therefore should be less 
favored. 

That the second excited state (which immediately feeds the ground state) 
is less populated than the isomeric state may be caused by the fact that there 
are more li13/2 neutrons available than 3p3/2 neutrons. It also may be that the 
high angular momentum neutrons are closer to the nuclear surface so that the 
pions emitted from there are less likely being absorbed by the nucleus. A cer-
tain enhancement of the li13/2 - 2d3f2 transition could also be due to the 
position of the lh11 ;2 proton subsheil just below the Fermi level which may 
give rise to two-particle=two-hole configurations. 

In addition to reaching these low lying states in Hg directly, they may 
also be populated by l cascades from higher excited states which in our case 
would have to have predominantly fairly high spins. 

* + Work supported by the U.S. A.E.C. and the N.S.F. 
N.s.F. Undergraduate Research Participant 
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3ue(y1 2p)nt 

B. F. GIBSON V.A.18 
Theoretical Division, Los Alamos Scientific Laboratory 

and 
Do R. LEHMAT>f 

'l'he George Washington University 

'l'he cross section for the photodisintegration of 3He leading to the 3-body final state in which 

both protons are detected has been calculated in the electric dipole approximation. The calculation 

was performed within the context of exact three-body theory. The N-N interactions were represented 

by s-wave, spin-dependent separable potentials. The :t'uJ.l photodisintegration amplitudes were ex-

pressed as sums of: the plane wave Born amplitude, terms involving on1y a single rescattering be-

tween pairs of nucle~ns, and terms combining the off-shell N-d and N-p scattering amplitudes. These 

off-shell amplitudes were obtained by solving the corresponding integral equations using standard 

contour-rotation techniques. 

We present here numerical results for the coplaner geometry in which the two protons are 

detected at angles of ±9 where the angle is measured with respect to the perpendicular to the inci-
P 

dent photon momentum. Calculations are shown for incident photon energies of 50, 751 and 100 MeV 

am for angles of 5° 1 10° 1 and 20°. The curves presented are the result of a complete calculation 

in which both the initial bound state and the final scattering state were generated numerically from 

N-N potentials fitted to the low energy singlet and triplet scattering parameters. (The triplet 

potential strength was reduced about 5°/o in the bound state calculation in order to reproduce the 

correct 3He binding energy.) The sensitivity of such a coincidence experiment to the details of the 

bound state can be estimated by comparing these results with those of calculations (not shown) for a 

model in which the bound state wave function is represented by an analytic form similar to the exact 

solution but where the two parameters are fitted to the binding energy and rms radius. Differences 

of 50 - lOOo/o can be seen for the coincidence calculations at these energies with 0p= 5°; this is 

to be contrasted with the differences that can be seen in a similar comparison of total cross section 

calculations which are at most 20°/o in the photon energy range between 10 and 15 MeV. 

twork supported in part by 
the U. s. ERDA. 

lo..------. 
E = 50 

7 
E = 75 

1 7 

.1 

0 4 8 12 

.1 

E = 100 
7 

• 01 ._.__..___..___.._____, 
0 4 8 12 16 



HOLE STRENGTH AND MOMENTUM DISTRIBUTIONS FROM ( e ,e J?) REACTIONS V ·A' 19 

M. Bernheim, A. Bussie're, A. Gillebert, J. Mo3ey, 
M. Priou, D. Royer, I. Sick, and G. J. Wagne 

CEN Sacley, BP 2, Gif-sur-Yvette, 9ll90, Fran e 

ABSTRACT 

Hole strengths and momentum distributions have been measured on 
12c, 28si, 40ca and 5~i using the (e,e'p) reaction at 500 MeV. The 
range covered is O ~ EM ~ 80 MeV in removal energy and O ~ p ~ 250 
MeV/c in recoil momentum, with an energy resolution of 1. 2 MeV. 

After small radiative corrections, a shell model analysis of 
the data has been performed, using Woods-Saxon wave functions and a 
partial wave expansion of the distorted outgoing proton waves. The 
distorted momentum distributions show an excellent agreement with 
the experiment. The table contains the resulting number of protons 
N and mean removal energy for each of the shell model states. The 
numbers between parenthesis are only tentative. 

The complete kinematic coverage of the reaction allowed us a 
sum rule testl,2 of the shell model picture of nuglei. As for 
12c,2 a significant discrepancy is observed for 2 Si and 58Ni which 
indicates that the above limits on EM and p are not sufficient to 
observe all the binding energies and momentum densities of protons 
in those nuclei. 

1. D. S. Koltun, Phys. Rev. Lett. 28, 182 (1972). 
2. M. Bernheim et al., Phys. Rev. Lett. 32, 898 (1974). 

Fig. 1 Sample of nqnentum distributions: 
2s shell in 40ca 
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MOMENTUM !HoV/cl 

Table I Numbers of 
protons and mean 
energies (MeV) from 
DWIA analysis 

12c lp 2.5 i7.5 ± o.4 
ls 1.0 38.1 ± 1.0 

28si 4 3 8 + 2s o. 1 . - 0.5 
ld 5.5 i6.1 ± o.8 
lp 2.9 32.0 
ls 0.9 (51.) 

40ca 2s 1.3 ll.2 ± 0.3 
ld 7.7 i4.9 ± o.8 
lp 5.7 41.5 
ls 1. 5 (56.) 

58Ni lf 7.6 9.3 ± 0.3 
2s 1.9 14.7 ± 0.5 
ld 8.9 21. 
lP 6.8 45.5 
is 1.0 (62.) 
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V.A. 20 
HELIUM CHARGE FORM FACTORS AT LARGE MOMENTUM TRANSFER 

* Benson T. Chertok 
American University, Washington, D.C. and SLAC, Stanford, Ca. 

ABSTRACT 

Progress in physics is often stimulated when experiment and theory 
are in clear disagreement. This is the situation with the elastic 
charge form factor of He 3 where measurements at Stanford, which 
were confirmed at Orsay, reported a diffraction minimum at 11.5 F- 2 

followed by a secondary maximum which is approximately constant 
from 13 to 20 F- 2 • 

The figure displays 
the measurements ( 4He 
is very similar in 
shape and magnitude) 
together with various 
theoretical predic-
tions including 
extrapolations out to 
very large q 2 • Cal-
culations of Kloet 
and Tjon displayed in 
curves 1,2 and 3 use 
different N-N potent-
ials as input to the 
Fadeev Equation with 
1 and 2 including 
meson exchange 
current terms. 
Curve 3 is the Reid 
Soft Core prediction. 
Curve 4 is from 
Donnelly and Walecka 
who fit existing data 
by a Wood-Saxon po-
tential and predict 
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a second minimum at 
25 F- 2 • The quark-
dimensional scaling 
model Brodsky and 
Farrar is used 
phenomenologically 
to indicate the possible large q 2-behavior of 3He and 4 He. Even 
with the obvious disclaimer on the reliability of these q 2 extra-
polations, it is clear that measutements beyond 20 P- 2 will indicate 
the broad underlying features of the two bound helium nuclei. An 
appraisal of the predictions and other features of the large q 2 

region wi~l be presented. 
* . Research supported by the National Science Foundation, GP-16565. 



HIGH MOMENTUM TRANSFER e-D SCATTERING AS V.A.21 
A PROBE OF THE RELATIVISTIC STRUCTURE OF THE DEUTERON 

Carl Carlson and Franz Gross 
College of William and Mary, Williamsburg, Va. 23185 

A calculation of the deuteron form factors based on the relativistic 
impulse approximation is presented. The calculation is explicitly covar-
iant, and uses relativistic deuteron wave functions which have recently 
been extracted from a new relativistic theory of nuclear forces.l At 
high momentum transfer the form factors differ significantly from the 
usual non relativistic form factors due to (a) recoil effects [previously 
calculated only to 1st order in (v/c)2] and (b) the small components of 
the deuteron wave function which arise because of the Dirac nature of the 
nucleons. Comparison of these results with the new SLAC data on e-d scat-
tering will give a precise estimate of the size of exchange current ef-
fects, if any. 

1. J. Hornstein and F. Gross, Physics Letters 47B, 205 (1973) and F. 
Gross, Phys. Rev. DlO, 223 (1974). ~ 
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V.A.22 
CONNECTION OF MUON CAPTURE AT LARGE ENERGY TRANSFER 

TO PION ABSORPTION 

J. Bernabeu, T.E.O. Ericson and c. Jarlskog 
CERN -- Geneva 

* 

Muon capture is usually studied for space-like momentum transfer 
of order 100 MeV/c. Its structure is theoretically well described in-
side the impulse approximation, but for fine details. In contrast, the 
limit of large energy-transfer of order 100 MeV, with neutrino energy 
close to zero, is up to now not.understood, and the impulse approxima-
tion will fail badly. We take here a completely novel approach to this 
problem, linking it directly to the strong pion processes in a way we 
believe quite quantitative. In this re~ion the µ capture process is 
given symbolically by rN->x a: X.2 + ,&.,.2 + A0 , where V and A are the 
hadronic vector and axial currents. By PCAC the ax~al curregt is linked 
to pion process by q 0 A0 - S·!.. a:< XI¢ 1T IN>, so that in the limit 
;J..->O the A0 term is then, by a mass extrapolation from m11 to mµ 
given by the s wave TI absorption from N to 2x. This is sufficient 
to provide a significant lower limit of dfN_,xfdv lv~o' expressible di-
rectly in terms of Im as, the s wave absorptive scattering length 
for pions. Apart from other terms, coming from VqA0 , the A term - -contains the p wave TI absorption from N to X. It is a natural 
consequence of this picture that the muon, for this momentum transfer, 
behaves like a pion, leading to emission of correlated nucleon pairs, 
••• , as for 1T absorption. In this sense the muon becomes a strongly 
interacting particle. 

Technically this program is carried through by the introduction of 
structure functions which entirely describe the hadronic tensor Wµv 
given by the expectation value of the product of two weak currents. The 
information given by PCAC is contained in qµw vqv, and this is used, 
as pointed out above, to express the muon abso~ption in terms of the ab-
sorptive TI- + N--> TI- + N amplitude near thresh old but with pion mass 
equal mµ.• 

In addition the axial part of the tensor can be determined also 
for q2 ~ 0 using pion pole dominance in the amplitudes proportional 
to the momentum transfer. The corresponding vector contribution at 
q2 = 0 is provided by the total photo-absorption cross-section 
y + N-> x, corresponding to an incident energy E ~Iliµ/2. If the 
approach proves to be significant we will have at our disposal a unique 
way of learning about the off-shell behaviour of pions in hadronic 
matter, in particular, for a vanishing mass and a momentum of order 
50 MeV/c. 

*Also at University of GBteborg, Sweden. 



V.A.23 16 15 . The O(T,p) N Reaction for E~ = 40 - 200 MeV 

J.L. Matthews, W. Bertozzi, M.J. Leitch, C.P. Sargent and W. Turchinetz 
Massachusetts Institute of Technology, Cambridge, Mass. 

D.J.S. Findlay and R.O. Owens 
Glasgow University, Glasgow, Scotland 

Measvrements have been made of the differential cross section for the 
16o('Y,p0 } 5N process at the Glasgow University 130 MeV linear accelerator 
(for E~ ~ 100 MeV) and at the M.I.T. Bates Linear Accelerator (for E~>lOO MeV). 
Both experiments employed similar techniques: protons were detected with 
good resolution (~l Mey~ using a magnetic spectrometer, and the cross section 
for reactions leaving N in its ground state unfolded from the endpoint 
region of the bremsstrahlung-produced proton spectra. 

The motivation for this work lies in the sensitivity of the (t',p) re-
action to high-momentum components in the nuclear wave function, since little 
momentum is carried in by the incident photon. A measurement of the angular 
distribution of the photoprotons essentially maps out their initial momentum 
distribution just as in the {p,2p) and (e,e 1 p) processes, but for the 
region q > 300 MeV/c where there are few data from the latter reactions. The 
fact that conventional shell models predict small amplitudes for these high 
momenta has led various authors to propose that short-range nucleon-nucleon 
correlations play an observable role in the ('t,p) process. However, as yet 
there are no theoretical calculations which can account satisfactorily for 
the present data below 100 MeV, and no calculations at all above 100 MeV. 

A sample of the data is shown in the figure; it is seen that the cross 
section at 9p ~ 45° is fal 1 ing off 
approximately exponentially with 
photon energy over the range of 
the measurements (the line drawn 
through the points is arbitrary). 
There is no qualitative evidence 
for a significant enhancement of 
the cross section due to corre-
1 ations at higher photon 
energies. 
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V.A.24 

A MEASUREMENT <:F THE LONGITUDINAL AND TRANSVERSE ll+ 

ELECTROPRODUCTJON CROSS SECTION. 

Bardin G. -,,Duclos J. - Magnon A. - Michel B. (CEN-Saclay) -
Montret J.C. (University of Clermont-Ferrand). 

An experiment aimed at measuring the 1l+ form-factor in the space-like 
region has been performed at the 600 MeV electron Saclay' s Linac. 
Owing to it: s high electron current and high (Z %) duty cycle, we have 
been able to isolate the longitudinal part of the differential cross section 
of the electroproduction reaction e-p-;)-e-n..\l+. Following Akerlof et al 
(Ref. 1) we have :selected the kinematics where theTJ+ is emitted along 
the direction of the exchanged photon. In this circumstance, we recall 
that 1 - The cross section can be written as a purely electromagnetic 
factor time the sum of "photoproduction" cross sections by transverse 
and longitudinal photons = d."S•/,,.11.c- ~\.Jl n Mre:- = r en,( Jq-/t\:fll t-E,r.l1"/JJio) I E.. 0 
being the admixture of longitudinal photon. 

Z - The "pion-pole" amplituie Fig. la (relevant for the form-factor 
determination) appears only in the longitudinal component whereas the Ml 
excitation of the N~ Fig. 1 b only sh0ws up in the transverse part. 

3 - The pion-pole contribution is maximum owing to the pole proxi-
mity. The invariant rnas::; for the'lt - N system was chosen to be 117 5 MeV. 
The photon QZ was scanned from 1 to 3 fm -Z and for each Q2 value the 
cross -io ~ction was measured for both a low and high El" . Unlike in the 
work of Ref.I, we could go as low as Er= .15. This allcw u.s to subs-
tract the transverse contribution in a model-independant way. Two magne-
tic spectrometers associated with scintillation hodoscopes were used to 
detect the scattered e- and thelT +. A third existing spectrometer was 
used for monitoring, looking at the elastic scattering from hydrogen. 
Until now, a sample of events from the QZ = 1 fm-Z data point has been 
analysed. We find for the transverse and longitudinal \f- N center of mass 
cross-sections : .lq-/Awc;..-= ,;;;.7 (1.7) e>.nel ..L'r/Aw~: ti·~ (~·OJ p.b/st-rl{, 
This is a good confirmation that the pion-exchange process is dominant 
in our kinematics. 
We h0r;e that at the time of the conference, more precise values for 
J~/ tiuf';., versus Qz, will be available and that from them, a value for 
.( ril)Y-i- can be obtained. 

Ref. 1 - C.W. Akerlof, et al (Phys. Rev. 163, 148Z, 
\ 

\ 

e.-
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I 

Fig. la -Fig. 1 b 
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V.A. 25 

a-CLUSTERING EFFECTS IN THE PHOTODISINTEGRATION OF 197Au AT 
INTERMEDIATE ENERGIES 

J-0 Adler, G Andersson and H-A Gustafsson 
Department of Physics, University of Lund, Solvegatan 14, 
S-223 62 LUND, Sweden. 

The emission of a-particles from 197Au irradiated by 500 MeV 
bremsstrahlung has recently been studied 1). A comparison with 
cascade-evaporation calculations showed that about 15% of the 
a-particles must be emitted during the cascade step. As the 
a-cluste2ing in heavy nuclei is most important on the nuclear 
surface J, we have calculated the angular and energy distribu-
tions resulting from the knock-out of surface a-particles by 
cascade nucleons. The number of a-clusters on the 9 7Au surface, 
defined as the region outside r = 7fm, was taken as 4 with a 
mean kinetic energy of 16 MeV. The height of the coulomb barrier 
used, 20 MeV, was taken from a-scattering experiments 3). The 
figure shows the experimental angular distribution compared to 
the sum of the calculated distributions for evaporated and 
"directly" emitted a-particles. 
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1) J-0 Adler, G Andersson and H-A Gustafsibn, 
Nucl Phys A223, 145 (1974). 

2) D M Brink and J J Castro, 
Nucl Phys A216, 109 (1973). 

3) G Hauser et al, 
Nucl Phys Al28, 81 (1969). 
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THE NEW MESONS AS MEMBERS OF A NONET 

KURT JUST 

Department of Physics 
University of Arizona 
Tucson, Arizona 85721 

In the author's theory of massless quarks without charm, the 

mesons J(3095) and ~(3684) belong to a nonet which 

V.A. 26 

differs by a "mass parity" q = -1 from that of · ~ , ¢ , p , 

K* . One further member is called -!'{4150) because it 
+ -manifests itself in a broad resonance of e e annihilations 

above 4 GeV . Most distinctive for this proposal is that 

single "unusual" mesons couple extremely weakly to the photon. 

Since pairs of them interact normally, they decay strongly into 

each other and thus have large widths (except J and ~ ) 

While their weak interactions are negligible, they contribute 

to processes which one described so far by weak and electro-

magnetic forces only. 



ELECTRO- AND PHOTOPRODUCTION OF n+ ON 2 7Al V.A.27 

and G G Jonsson I Blomqvist, P Jane~ek 
Department of Physics, 
S-223 62 LUND, Sweden 

University of Lund, Solvegatan 14, 

H Dinter and K Tesch 
Deutsches Elektronensynchrotron DESY, Hamburg, Germany 

The total cross sectionsfor electro- and photoproduction of 

n+ on 27Al have been measured with activation method. The 

experiment was carried out at LINAC II at DESY {E =130-600 
e 

MeV). The peak cross section of the resonance is about 15 µb 

which is smaller thah found by Noga et al 1 ) and by Nydahl 2 ) 
(~ 40 µb) but is in agreement with the result by Walters and 

Hummel 3 ). Theoretical calculations have been performed by 

Jane~ek 4 ) for transitions into the five lowest states of 

the daughter nucleus, i.e. the 1/2+, 3/2+, 7/2-, 3/2- and 

5/2- levels. Simple structure can be assumed for these 

states: one-particle harmonic oscillator states of valence 

nucleons were coupled to the 26Mg core not participating 

in the reaction. The contribution from the 1/2+ state is 

very small, whereas the remaining states give about the same 

contribution, each with a maximum of roughly 

We assume contributions from higher states with more compli-

cated structure to be small. In the calculations, no final 

state interactions were included, so the theoretical result 

is expected to give too great cross section. 

The same formalism will be used for calculation of the elec-

troproduction cross section. Then the ratio a /a can be q e 
calculated. This ratio is probably not very sensitive to 

details in the nuclear structure. 

~l 
4) 

V I Noga et al, Soviet J Nucl Phys 14 {1972) 506 
G Nydahl and B Forkman, Nucl Phys B7 (1968) 97 
W B Walters and JP Hummel, Phys Rev ..J.±.2 {1966) 833 
P Jane~ek, Physica Scripta 2 (1973) 141 and 

Physica Scripta .!.Q (1974) 197. 

297 



298 

V.A.28 
KNOCK-OUT MECHANISMS IN (y, NUCLEON) REACTIONS AT INTERMEDIATE 
ENERGIES 

J-0 Adler, G G Jonsson and K Lindgren 
Department of Physics, University of Lund, Solvegatan 14, 
S-223 62 LUND, Sweden 

At energies above the piqn production threshold, photons are 
absorbed mainly via excitation of a nucleon resonance. This 
excited state decays almost immediately into a stable nucleon 
and a real pion. (y, NUCLEON) reactions will result, if both 
particles leave the nucleus without further interactions. If 
the interaction between the resonance and the rest of the 
nucleus can be neglected, the (y, NUCLEON) reaction should give 
a spectroscopic factor comparable to that from the corresponding 
pick-up reaction. The figure shows the situation for the 

. 11 10 ~ reaction B(y,p) Be . From measurements of 3.37 MeV de-excita-
tion y-rays we found for the transition to the 12+, 1, 3.37 >-

state in 10 Be :f= n.0 ± 1.2 l) to be compared with the theore-
tical value :J' = 1.6 given in ref. 2). 

We are currently measuring (y, NUCLEON) 
· 40 c 1 d. h reactions on a ea inR to t e 

l+ 1 1+·1 
12 , 2 , 2.48 > and 12 , 2 , 2.5.3 >-

. 39C d 39K . 1 states in a an respective y. 
The experimental errors are here 
expected to be much less than for 
B. The same formalism will be used 
to interpret the results. 

1) J-0 Adler et al, 
Nucl Phys A239 (1975) 44n. 

2) s Cohen and D Kura th, 
Nucl Phys AlOl (1967) 1 

3 
2 
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V.A.29 
ANALYSIS OF CHARGE DENSITY VARIATIONS IN NUCLEI 

V.V.Burov', The Moscow State Univ., Moscow, USSR. 
V.K.Lukyanov, Joint Inst. for Nucl. Research, Dubna, USSR. 
Yu.S.Pol', The Lebedev P~y3.Inst.Acad.of Sc.USSR,Mosoow,USSR. 

Three types of the trial CD-functions were used in analy-
sing experimental form factors/l/ by the HE-method/2/ 
(O, solid ) ~si== ,Po ~(rRb) ~=(sh.R/b)/(c.h.R/b+c.h.r/b) 

( N, solid ) p = .r' a.11. o<n.)(r Rb) = 8 2:.ft/ a"'" br.. ct'-w /d R.n 
i'l..:O /SF o h.:.O Ii 

(dash) ,R = R/r Ro b0 ) +a.~ p~~ (r R1 bi) 
I. For the Os -variant an agreement is achieved in the region 

r~ i= i/3 
of q, up to X0 =q.eHA ~t.'lF-• (±fO /o) . In detaile, Xo 
yalues are correlated by the nuclear shell filling: 
Xo(~!>): 5.8; X0 (~p}= 6.6; X0 (1d.5';..z.2&ya_)= 'f.1 ; Xo(1d3/2)= 9.2.. 

II. To find an agreement at all q,, one needs to increase the 

0 I r/R, 2 

number of parameters using 
the p -or p., -functions. 

III.In many cases the CD- ambi-
guity ie found of the quali-
tative oharaoter, when both 
p1 with the only bump at 
r"" R~ and p with the 

many oscillations give the 
same form factors. 

1. G.C.Li, I.Si-ck, M.R.Yerian. 
Phys.Rev., 9,1861 (1974)(and 
ref's. therein). 

2. V.K.Lukyanov, I.Z.Petkov, 
Yu.S.Pol• 1 transl. in Sov. 
Journ. of N. Phys., 9,204 
(1969). 
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A Study of Background for 
Neutrino Electron Elastic Scattering at LAMPF*t 

H. H. Chen and J. F. Lathrop 
Department of Physics 

University of California 
Irvine, California 92664 

ABSTRACT 

V.B.l 

We have built a detector system to study backgrounds for 
neutrino electron elastic scattering at LAMPF. The detector 
system consists of a large liquid scintillator anti coincidence, 
an inert shield, a sandwich system of alternating layers of 
thick plastic scintillator slabs and optical thin foil spark 
chamber modules, and a CAMAC system interfaced to a PDP-11/05 
computer. Results of this background study, conducted in situ 
within the LAMPF neutrino house, and also at UCI are given here. 
These results have led us to conclude that, at the V-A level, 
it is feasible to study both the cross section and the 
differential cross section for neutrino electron elastic 
scattering at LAMPF. 

*Research supported by NSF under grant No. GP 32860 
tResearch supported in part by the U.S. Atomic Energy Commission. 
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AA 
A STATISTICAL THEORY OF CP VIOLATION 

* H.J. Kreuzer and C.G. Kuper 

V.B.2 

Theoretical Physics Institute and Department of Physics 
University of Alberta, Edmonton, Alberta T6G 2El, Canada 

It is argued that the violation of combined parity 
in neutral kaon decay is statistical in origin. Rather 
than introducing microscopic eP violating terms in the 
Hamiltonian ("superweak" theory), we show th~:k a rig-
orous nonequilibrium theory can account for CP violation 
as a manifestation of the irreversibility of a decaying 
system. 

In terms of Hagedorn's statistical model of hadron-
ic matter, we regard the kaon as clothed by a statisti-
cal distribution of pions. On account of the strong 
pion-pion interaction, any fluctuation of the pion 
distribution away from thermal equilibrium will relax 
in a time ~10- 23 sec. Under these conditions, we can 
envisage processes in which CP is rigorously conserved 
at a microscopic level, but nevertheless it is violated 
overall. Two or more pions are "borrowed" from the 
thermal bath, and subsequently returned. The total 
angular momentum is necessarily conserved. However, 
the relative angular momentum of the borrowed pions 
may change; the strong interactions will restore the 
thermal equilibrium of the bath virtuallX instantan-
eously, leaving an overall violation of CP. 

Using the Takahashi-Umezawa formulation of statis-
tical mechanics, a model is presented in which CP is 
violated only through nonequilibrium interactions with 
a heat bath. 

Quite generally the theory restores the complete 
particle-antiparticle symmetry of the laws of physics. 
It predicts the same time-dependent two-pion amplitude 
for K9 decay as the phenomenological "superweak" theory. 
But, in contrast to the predictions of superweak theory, 
an initial K0 will have precisely the same two-pion 
amplitude as a K0 • On the other hand the charge asym-
metry of the leptonic decay modes does depend on the 
initial state. Experiments in which the initial state 
is K0 can discriminate unambiguously between the statis-
tical theory and the superweak theory. 

* . On sabbatical leave from Technion -- Israel Institute 
of Technology, Haifa, Israel. 



V.B.3 
Asymmetry of Beta-Ray Angular Distribution in Polarized Nuclei 

and G-Parity Nonconservation 

M. Morita and H. Ohtsubo 
Department of Physics, Osaka University, Toyonaka, Osaka 560, Japan 

An extensive search for the second class current, fT, in 

H (~p[YA(fV-fAY5);-0AVkv<fw+fTY5)+ikA(fs+fPY5)]~n) 

x (~eYA(l+Y5 )~v)//2+h.c., k=kp-kn' crAV = [YA,YV]/2i, 

has been done by Wilkinson and coworkers by means of the ft-value 
ratios, since Weinberg proposed it. The result is, however, not too 
clear, because of the nuclear structure. A nuclear-structure-free 
experiment is to measure the energy dependence of the beta-ray 
asymmetry in polarized nuclei, and it was, recently, performed by 
Sugimoto, Tanihata, and Goring at Osaka University, in the beta 
decays of 12B and 12N. To conclude the existence of the induced 
tensor in axial vector current from the result of this experiment, 
we have to be careful for all possible higher order effects which may 
affect the angular distribution of beta-rays, and there are no such 
formulas ever published. We have the following rule to describe the 
fon;1ulas correctly with inclusion of the Coulomb corrections, higher 
order matrices, and induced effects, by replacing 

-+ -+ -+ -+ -+ -+ -+ 
CAfa-+ (fA-EofT)lcr, Cvfaxr-+ (l+µp-µn)(fv/M)fa+(fv/M)frxp, 

. -+ -+. -+-+-+ 
CA{~fy5r)-+ -(fA+2MfT)[(l/2M)fcr~(c/M)fr(cr•p)], 

where c is 1 for fA and 0 for fT, in the published formulas, (M. 
Morita, Nucl. Phys. 14, 106 (1959); M. Morita, M. Fuyuki, and S. 
Tsukada, Progr. Theoret. Phys.!!]_, 556 (1972). The same results have 
been obtained by the elementary particle treatment of nuclear beta 
decay. We have proved that, in the Gamow-Teller transition, the _ 
asymmetry [W(O) - W(TI)] I [W(O) + W(TI)] = + P {pe /Ee) (1 + a+Ee) for 13+ 
decay does not depend on Ee(max), aZ/R, and radiative corrections. 

• 12 12 The difference, a_ - a+, of the experimental values for Band N 
is about twice as large as the value expected from the eve theory. 
The -~trength of the induced tensor is given by fT/fA= -(0.96 + 0.35) 
x 10 (in n=m =c=l), or equivalently, fT = -(3.5 ± 1.3)f /2M. This 
value gives (ft)+/(ft)_ = 1.08 ± 0.03 except for the Gamow~eller 
matrices, in agreement with experimental data. The sign for fT 
reduces the induced scalar coupling constant in the muon capture 
reaction effectively, in apparent disagreement with experiments. 

305 



306 

V.B.4 
PARITY-NONCONSERVATION AND THE PHOTON CIRCULAR POLARIZATION IN 

n+p ... d+y 

*t * t * B. A. Craver, E. Fischbach , Y. E. Kim and A. Tubis 
Purdue University, West Lafayette, In. 47907 

ABSTRACT 

The photon circular polarization Py for np capture at thermal 
energies is calculated to all orders of the strong interactions. 
Several phase equivalent transformations (PET)l of the Reid soft core 
potential, and several different weak-interaction models 2 ,3 are used. 
The calculations are facilitated by the use of Green's function tech-
niques. For a given weak-interaction model, PET of the two-nucleon 
interaction (which are consistent with the one-pion-exchange tail) 
decrease the magnitude of the calculated value of Py by a factor of 
~ 2-4. This reduction appears to be due to short-range oscillations 
of the two-nucleon wavefunctions induced by the PET. The calculated 
values of Py are mostly all negative and are about 100 times smaller 
in magnitude than the experimental result, Py = -(1.3 ± 0.45) (10)-6, 
of Lobashov et al.4 Thus the glaring discrepancy between theoretical 
and experimental results for Py seems to be mainly due to the use of 
the wrong dynamical treatment of the weak interactions involved 
and/or experimental data. 

REFERENCES 

1. J. P. Vary, Phys. Rev. C7, 521 (1973). 
2. E. Fischbach and D. Tadic, Phys. Reports 6C, 123 (1973). 
3. C. W. Kim and A.Sato, to be published in Phys. Rev. D. 
4. V. M. Lobashov et. al., Nucl. Phys. Al97, 241 (1972). 
t Supported by the U.S. National Science Foundation. 
* Supported by the U.S. Atomic Energy Conunission. 



Contribution to the VI International Conference on High Energy 
Physics and Nuclear Structure, June 1975, Santa Fe, N.M. 

Neutrino Absorption in 160 V.B.5 

J. B. Langworthy 
Naval Research Laboratory, Washington, D.C. 20375 

II t B. A. Lamers*and H. Uberall 
Catholic University of America, Washington, D.C. 20064 

ABSTRACT 

Nuclear matrix elements arising in the weak interaction (we neglect 
pseudo scalar and weak magnetic terms) are the Sffme as those in electro-
excitation.1 B. A. Lamers, R. D. Graves and H. Uberall, in a paper submitted 
to this conference, have developed nuclear multipole matrix elements for 17 
levels in Helm model parameters by fitting electroexcitation data. Using 
these parameters we calculate neutrino and antineutrino angular distributions 
and total cross sections for both muons and electrons. Total cross sections 
for the neutrino-electron reaction at low energy are shown for the levels 
diagramed. 

This work was supported in part by the National Science Foundation. 
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160 and their analogs cross sections to levels of Fi. 1 
*Now at Hughes Aircraft Co., Culver City, Cal. 90250 
tAlso at Naval Research Laboratory, Washington, D.C. 20375 
1H. Uberall, B. A. Lamers, J. B. Langworthy and F.J. Kelly, Phys. Rev • .£2.., 1911 

( 1972). 
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BETA-DECAY ASYMMETRIES IN POLARIZED 12B AND 12N, 
AND THE G-PARITY NONCONSERVING WEAK INTERACTION 

K. Sugimoto, I. Tanihata, and J. G8ring 

V.B.6 

Faculty of Science, Osaka University, Toyonaka, Osaka 560, Japan 

In order to investigate a possible effect due to the second-class current 1 ~ 
the ener~ dependence of B-ray asymmetry has been measured for the polarized 
12B and 2N decays (ITI,T,Tz; l+,1,+1 +o+,o,o). The asymmetry is expressed as 2> 

Jfl. = {w( o) -w( n)} /{w(o) +w( n)} ,; +P(p/E){l +o.+(l -A)E}, and 

a+; ±(2/3){(µp-µn)/(2Ml£Ai) +(l/2M) -fT}, 
where P,A,E,p,M and µp-µn~4.7 are the nuclear polarization and alignment, the 
electron energy and momentum, and the nucleon mass and transition magnetic mo-
ment, respectively. The upper sign refers to 12B, and the lower sign to 12N. 
The form factors fA and fT are of the axial vector and unknown induced-tensor. 

Polarized 12B and 12N were produced through 11B(d,p) 12B and 10B( 3He,n) 12N 
reactions, respectively3~ The recoil nuclei were implanted, through a collima. 
tor, into a thin Al foil. The nuclear polarization (~13% for 12B, P~25% for 
12N) were preserved by applying a static field H0 ~2.2KG. The activities were 
periodically produced and B rays, emitted from the recoil stopper, were de~ 
tected by two counter telescopes located each side of the polarization at be8lll-
off periods. At every other periods, the polarization was reversed by use of 
the adiavatic-fast-passage method in NMR. Energy spectra of B rays from both 
counters were accumulated for both polarization directions. 

The normalized asymmetries a,c(E) after necessary corrections are shown in 
Fig .1, where ll.(E) =.A.(E) /~ and JI(. is the energy average asymmetry. From an 
aditional experiment, the nuclear alignments A were determined to be A( 12B)= 
+(0.03 ±0.02) and A( 12N)= ±(0.03 ±0.03). 

The coefficients CJ.+ were obtained to be 
o._( 12B)= +(0.31 ±0.06)%/MeV, and o.+( 12N)= -(0.21 ±0.07)%/MeV. 

The theoretical predictions to a+, without the second-class current, are 
a2VC~ +0.10%/MeV and ac:t1C~ -0.17%/MeV. The prediction due to the weak magnet-
ism is symmetric between a pair of mirror B decays, and can be compaired with 
the present result in an amount (a_ -a+); (a_ -o.+)cvc~ 0.27%/MeV and 
(a_ -o.+)exp= (0.52 ±0.09)%/MeV. The experimental value is considerably larger 

~ :1 .. 
0 r.-·· .. 

c 6 8 

4 -
OC_•+(0.31:!:0-06) "9/MeV 

10 12 14 16 
______,., E ( MeV) 

Fig. 1 

than the predicted value, and in favor 
of the existence of the induced-tensor 
current of which form factor may well be 
comparable to the weak-magnetism term. 
1) S. Weinberg, Phys.Rev.112(1958)1375. 
2) S. Nakamura, et al. , Pro gr. Theoret • 

Phys.48(1972)1899; M. Morita and 
I. Tanihata, to be published. 

3) K. Sugimoto, et al., J.Phys.Soc.Japan 
~(1968)1258; T. Minam.isono, ibid., 
Suppl.34(1973)324. 



V.B.7 
"'k TESTS FOR NEUTRINO HELICITY-FLIP IN ELASTIC v - p and v - e SCATTERING 

µ. µ. 
E. Fischbach, J. T. Gruenwald, S. P. Rosen, and H. Spivack 

Purdue University, West Lafayette, In. 47907 
and 

Boris Kayser 
National Science Foundation, Washington, D. C. 20550 

ABSTRACT 

The processes '1.J,P-+ vµ.P and vµ.e-+ vµ.e (and the corresponding anti-
neutrino processes) are analyzed assuming the mosc general scalar 
(S), pseudoscalar (P), vector (V), axial-vector (A), and tensor (T) 
couplings. For VµP scattering it is shown that measurements of the 
average momentum transfer (t) and the final proton polarization P 
can be used to discriminate between the neutrino helicity-preserving 
V,A couplings and the helicity-flipping S, P, T coupling~. Further-
more, for the V,A couplings themselves, measurements of P and (t) 
can be used to establish whether or not the current is of the form 
suggested by gauge theories. For v e scattering the same questions 
can be probed by measuring the aver~ge energy (E') of the scattered 
electron. Detailed numerical results are given for vµ.P' vµ.e and 
also for vee elastic scattering for a number of different experimen-
tal setups. Several new experiments are suggested which could be 
done at LAMPF. 

~~ 

Work supported in part by the United States Energy Research and 
Development Administration. 
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Charge Asymmetry by Isotensor Currents 

Sadataka FURUI 
Institute of Physics 

University of Tokyo, Komaba 
Meguro-ku, Tokyo 153, Japan 

V.B.8 

The isospin symmetry of the transition from a nucleon N to an isobar ~ by 
electro-magnetic or weak currents was discussed by several authors [1,2]. 
The current algebra predicts that the current is iso-vector and has the odd 
property under the mirror operation U = exp(-iTIIy) in the isospin space. 
The strangeness conserving weak current is iso-vector but it could include 
the part with the even property under the mirror operation, which is known 
as the second class current contribution [3]. One can naturally ask whether 
weak and also electro-magnetic current between the I = 1/2 nucleon and the 
I = 3/2 isobar could include the iso-tensor part which has the even property 
under the operation U [4]. 

Charge symmetry violating of the nucleon-nucleon potential is thought to be 
due to electro-magnetic currents, and one can consider the isotensor current 
effect in the long range potential by the 7ry-exchange mechanisme. By the 
interference of the two iso-vector photo-production vertices one obtains the 
charge-independence violating potential and if there exists a mixing of the 
iso-tensor part in the non-Born part of the 'iso-vector' vertex, the inter-
ference can introduce the charge symmetry violating potential. 

A simple static model calculation using the zero-width Chew-Law's photo-
production amplitudes extrapolated to the soft-pion limit as the vertices 
shows that the admixture of the iso-tensor part of the order of 10% is non 
negligible for the charge asymmetry of the nucleon-nucleon potential of 'S0 
states [5]. 

The n°y-exchange spherical charge synnnetry violating potential is written 
in Figure 1. We assumed ~= V 1+'2>(s=u=M2, t=O) IV 1+C¥2l(s=u=M2, t=O) = 0 .1, where the 
bar indicates the non-Born part. The 
n±y-exchange spin-spin charge independ-
ence violating potential with the Kroll-
Ruderman term as the vertices is written 
as a comparison. Here we cut off the t 
integration at tmax = (2~) 2• A prelim-
inary calculation of the scattering 
length with the Reid potential as the 
reference shows that; 

ioai = [0.14 fm for 
0.45 fm for 

tmax=(2mTI)2 
tmax=(3mTI)2. ~ = 0.1 

[6] 

ltev 
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Energy Dependence of Beta-Ray Asymmetries 
and Second Class Current 

t H. Ohtsubo~ K. Kuboder~ and Y. Horikawa11 

V.B.9 

Department of Physics, Osaka University, Toyonaka, Osaka, Japan 
"Department of Physics, University of Tokyo, Bunkyoku, Tokyo, Japan 

The energy dependence of $-ray asymmetry, known to be important 
to check the possible existence of second-class currents [l], has 

12 12 [ ] recently been measured for B and N decays 2 . We have performed a 
nuclear model independent analysis of this experiment and obtained 
the conclusion that the experiment indicates the existence of the 
second-class current whose magnitude is comparable to that of the 
weak-magnetism: In the elementary particle treatment, the relevant 
matrix elements of vector and axial-vector currents are written as 
<P1:0+1v~(O)IPi :l+>= it., q Q ~ (~M1'+ fM<2>)/2M, and 

I\ APC1K p C1 K -

<P_J :O+IA.x.(O)IPi :l+>= i~A.fA - QA(~~)cr;,>±.t;>)/2M for s+, 
(J) p(2) • 

where fA=fA ±. J A, q=Pi -P_J , Q=Pi +Pf , M and ~l being nuclear mass and 
spin-one polarization vector. The indices I,2 denote the first- and 
second-class current, respectively. (The pseudo-scalar term given by 
PCAC can be safely neglected here.) Dropping f~'based upon eve, we 
obtain the following expression for the $-ray asymmetry coefficient; 
-*= :f.(a-S)(p /E )[(l+Li) +a E ]~:f.(a-S)[l +a E ] for s+, 

e e + e + e 
,Ji) (2) ,Jl}, 2 ( ( ,JI) + ,l2). 

where a+= 2y[±(JM - fT ) - JTJ/fA and Li= 3Ee max)x JT - JTJ/fA. 
Here a,S and y are populations of the states with J = +1,-1 and 0, 
r~~pectively. The Osaka experiment gives(a_ - a+)= 2 (0.52 + 0.09)x 
10 /MeV for y = 0.33. Therefore we obtain 

(2) (J) 3 (J) (J) ) -2 
fi/fA = 4(a+ - a_) + fAf/fA = -(0.17 ~ 0.08 x10 /MeV 

in the approximation f A = f~~ The effect of Coulomb interaction 
for the asymmetry is found to be negligible[3]. Thus, the experiment 
indicates the existence of the second-class current. It might be 
mentioned here that a microscopic model[4] gives f<,;lf~~ -0.3Xl0- 2/MeV 
which is comparable to the experimental value. 
[l] C.W.Kim, Phys. Lett. 34B(l971)384; B.Holstein,Phys. Rev.C4(1971) 

740; J.Delorme and M.Rho, Nucl. Phys.B34(1971)317. 
[2] K.Sugimoto,I.Tanihata and J.Goring, to be published. 
[3] M.Morita, Nucl.Phys. 14(1959)106; Phys. Rev. 113(1959)1584. 
[4] K.Kubodera, J.Delorme and M.Rho, Nucl.Phys. B66(1973)253. 
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V.B.10 
Parity Violating Asymmetry in n + p ~ d + y and the Isospin Structure of the 

*t t * 
~S = 0 Nonleptonic Weak Interactions B. A. CRAVER, Y. E. KIM and A. TUBIS, 

* Purdue University, W. Lafayi!ltte, In. 47907, P. HERCZEG, Los Alamos Scientific 
Laboratory, and P. SINGER, Technion-Israel Institute of Technology, Haifa, 
Israel. 

In addition to the recently observed photon circular polarization for 
unpolarized thermal neutrons, a parity violating effect of interest in the 
n + p ~ d + y reaction is the asymmetry a in the photon angular distribu-
tion with respect to an initial neutron polarization. 

We calculate a , using a two-nucleon strong interaction given by the 
Reid soft-core potential and several of its phase equivalents. 1 The calcula-
tions, which are exact with respect to the strong interaction, are facilitated 
by the use of Green's function techniques. The asymmetry can be decomposed as 
a = ao + ai , where ao and ai are, respectively, due to the isoscalar 
and isovector parts of the weak interaction. The111ixing of opposite 
parity states in the initial n-p and the deuteron states contributes only to 
ai in the impulse approximation. Nonvanishing contributions to ao arise 
from exchange-current terms, 2 which could be important in models of the weak 
interactions, such as the Cabibbo theory, where the isovector weak coupling is 
much smaller than the isoscalar one. 

As preliminary results, we obtain, using the parity violating potential 
described in Ref. 3,a1 ~5x10-9 for the Cabibbo theory, and a1 ~5x10-8 for 
theories in which the isovector coupling is larger by an order of magnitude. 
In both cases, ao ~x10-lO or 2x10-9 , depending on whether the weak matrix 
elements are calculated in the factorization approximation or taken to be 
about six times larger, as suggested by another estimate.4 As a consequence, 
observation of a at the level of 10-9 would represent evidence for the 
existence of a ~S = 0 , ~I = 1 nonleptonic weak interaction only as long as 
the factorization approximation gives the correct order of magnitude for the 
weak matrix elements involved in ao Detailed results will be discussed. 

* Supported by the U. S. Energy Research and Development Administration. 
t Supported by the U. S. National Science Foundation. 
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2. E. M. Henley, Phys. Rev. C 7, 1344 (1973); P. Herczeg and L. Wolfenstein, 
Phys. Rev. D 8, 4051 (1973); P. Herczeg and P. Singer, Phys. Rev. D 11, 
611 (1975) and references quoted therein. 

3. E. Fischbach, D. Tadic and K. Trabert, Phys. Rev. 186, 1688 (1969). 

4. B. H. J. McKellar and P. Pick, Phys. Rev. D ~, 2184 (1972). 
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Pionic effects in the weak axial current for nuclei 

J. DELORME, M. ERICSON, A. FIGUREAU and C. THEVENET 
Insitut de physique nucleaire de Lyon, Universite Claude Bernard 
43 bd du 11 novembre 1918, 69621-Villeurbanne. France 

We have established the relation between the virtual 

pion field in a nucleus and the weak axial current. We have shown 

that there is an electromagnetic analog ' namely the relation 

between the electric field and the displacement field in dielectrics. 

We have first derived the Klein-Gordon equation for 

the virtual pion field in a nucleus. This equation displays two kinds 

of modifications as compared to that for free nucleons: one is the 

renormalization of the pion propagator by the interaction with the 

nuclear medium, the other is the Lorentz -Lorenz renormalization 

of the pionic vertex through short range correlations. 

Using P. C. A. C. we have then deduced the expression 

for the axial current. The analogy with electromagnetism shows that 

the axial current and the gradient of the pion field play the respective 

roles of the displacement vector and the electric field. The knowledge 

of the pion field thus allows the determination of the axial and pseudo-

scalar coupling constants g A and gp renormalized by the nuclear 

effects. We have shown on two solvable models that they can be totally 

different from the nuclear matter values. 
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DETERMINATION OF THE AXIAL-VECTOR FORM FACTOR 
* IN 11lli RADIATIVE DECAY OF 'IDE PION 

A. Stetz, t J. Carroll, D. Ortendahl, and V. Perez-Mendez 

Lawrence Berkeley Laboratory 
University of Califoniia 

Berkeley, California 94720 

and 

G. Igo, N. Chirapatpimol, and M. A. Nasser 

Physics Department 
University of Califonda 

Los Angeles, California 

September, 1974 

ABSTRACT 

V.B.12 

The branching ratio. tor the decay n ..... evy has been measured in a 

counter experiment in which the e+ was detected in a magnetic spectro-

meter and the gamma-ray- in a lead glass hodoscope. From the measured 

branching ratio we determine Y , the ratio of the axial-vector to the 

vector form factor. The latter is computed using CVC and T o, the n° n 

lifetime. Adopting a best value 0.86 x 10-16 seconds, we obtain 

Y = 0,15 ± 0.11 or y = :2.07 ± 0.11. A comparison between the measured 

value~ of Y, and ~arious theories is made. 



48 130 128 Double ~-decay Nuclear ME for Ca, Te and Te V.B.13 

by 
J.D. Vergados 

Physics Department, University of Pa., Phila., Pa. 19174 
ABSTRACT 

It is well known that the two lepton mo9e of the double ~-decay, 
if present, would indicate lepton violation.LI] If the double ~-de
cay is considered as a two-step process one obtains for the two and 
four lepton life-times: .. f 

T (2) = z 1 
1/2 - IME\2 rt 

(4) £4 
Tl/2 = (MEl2 (1) 

[1] The kinematic functions f 2 and f 4 are well known, ~ is the degree 
of lepton violation and \ME\2 is the nuclear matrix element. If the 
two modes cannot be distinguished (e.g. in geologic ores), then 

_L = ( !l + L) \ME\2 
Tl/2 f2 f4 (2) 

in either case in order to determine ~ ~rom the experimental life-
times one needs to know \ME\2. Transitions to ground states are con-
sidered. 

We have performed shell model calculations of \ME\2 using realis-
tic interactions in the case of 48ca, l30Te and 128Te. In the case 
of 48ca the nuclear wave functions were obtained within the lf7/2 
shell. For A=l30 and 128 the nuclear wave functions were of the form *1=cpi(p) cp0 hY11, (v=o J=o); WrC!'f(p) cp0 h~iJ2 (v=o J=o) + a\dd> where 
cpi(p), cpf{p) an/jcp0 are two-proton, four-proton and.closed-shell neu-
tron wave function~ r~s~ectively in the orbitals (2d5/2• lg7 , 2 , 2d3 /2' 
3s112J. \dd>= N~ytyr\wi>withtl,= anti-syrnmetrizer, N = Normaliza-

tion, Y+= t ai t+(i) and n=6 and 8 for A=l28 and A=l30 respectively. 
The state tdd>has 88 shell model components and exhausts all the sum 
rule. o; was calculated in perturbation theory and was found .015 
{A=130) and • 019 {A=l28). 

The results are presented in detail in the table. We simply re-
mark that the energetically allowed transitions exhaust .36%, .02% 
and .04% of the sum rule for 48ca, 130Tc and 128Te respectively. (The 
state \dd> is energetically inaccessible.) 

A f 2 f 4 Tl/2 {exp) \ME \2 
~ 

(years) (years) (years) 

48 1012 .6 1018. 9 ~1021.(ee) l.2Xl0-2 
s; 4X10 -4 

130 1013 .5 1021.S 1021.0 .144 4.0Xl0-4 

128 1015. 6 1024.4 1024.18 .174 1.2x10-4 

[l]See e.g. H. Primakoff and S.P. Rosen, Reports on Progress in Phy-
sics, vol. XXII, 121 (1959). 

315 



NONCONSERVATION OF HUON NUHBER AND CP NONINVARIANCE V.B.14 

SAUL BARSHAY 

Centre National de la Recherche Scientifique 

Centre de Recherches Nucleaires and Universite 

Louis Pasteur, Strasbourg, France 

Abstract 

Based upon a possible quark-lepton symmetry, we suggest 

that the conservation of muon number may be violated by a matrix element 

of th~ order of the Fermi constant times the GP-violating parameter 

times the squared electric charge. We urge a renewed experimental search 
± + + for the decay µ ~ e- e e with a branching ratio of about 

4 x 10-9• 
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RADIATIVE DECAY + + 
TI -+e v y e 

F. Scheck and A. Wullschleger 
SIN, CH 5234 Villigen, and ETH Zurich 

ABSTRACT 

V.B.15 

We reanalyze the theory of radiative pion decay in the frame-
work of gauge invariance, PCAC and current algebra 1 J. It has been 
put forward, in particular, that this process provided a counter 
example to Feynman's conjecture on the compensation of gradient 
and contact terms. A careful application of gauge invariance 
shows that this is in fact incorrect. 

We also review some model predictions for the axial form fac-
tor in this decay: Nonrelativistic quark model; current algebra 
and vector dominance of the vector and axial-vector propagators. 
The theoretical predictions are not in very good agreement with 
the measured value for this form factor, unless a rather small 
value for the pion radius of the order of <r 2 > 1 ~ ~ 0.5 fm is 
accepted. This decay mode calls for further ex~erimental investi-
gation. 

REFERENCES 

i) F. Scheck and A. Wullschleger, Nucl. Phys. 867, 504 (1973) 
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ELECTRON POLARIZATION IN POLARIZED MUON DECAY, 
RADIATIVE CORRECTIONS 

V.B.16 

W. E. Fischer and F. Scheck*, SIN, CH 5234 Villigen 
* also at ETH Zurich 

ABSTRACT 

The experimental determination of the electron polarization 
in the decay of polarized muons is of great importance for the 
theory of purely leptonic interactions.We calculate the first or-
der radiative corrections to the electron·'s longitudinal polari-
zation Pi 1

). We find the surprisingly simple analytical result 
for the radiative correction to Pi (in µ~ decay) 

oP (rad.corr.) = + E:_ (1-x) 2 5-2x-cos8(2x+1) 
i - 6TI x 3-2x+cos8(1-2x) 

with x = E/E , the reduced electron energy. max 
Th i s correct ion i s ab o u t 1 %0 at x = 0 . 5 , a b o u t 1 % at 

x = 0.25. Only at very low energies does the correction increase 
to 10-14 %. 

In conclusi~n, for x large enough, say x ~ 0.1, any size-
able deviation from Pi= +1, which is the expected value on the 
basis of the "V-A" coupling, would be a rather clean probe of the 
leptonic interactions. 

REFERENCES 
l) W.E. Fischer and F. Scheck, Nucl. Phys. 883, 25 (1974) 



V.B.17 
SEARCH FOR SECOND CLASS CURRENTS IN THE S-DECAY OF A=12 ISOBARS 

M. Steels, L. Grenacs, J. Lehmann, L. Palffy and A. Possoz 
Institut de Physique Corpusculaire, Universite Catholique de Louvain 

Louvain-la-Neuve, Belgium 

ABSTRACT 

We have measured the nuclear spin-electron correlation in the 
12B(1+) + 12cco+J Gamow-Teller beta-transition. The correlation 
coefficient corresponding to the alignment of the parent nucleus is 
measured as a function of the kinetic energy of.the s--particles. 
This coefficient is found to be small and its implications on second 
class currents are discussed. 

INTRODUCTION 

For an aligned nucleus the angular distribution of the emitted 
B-particles, as given by Delorme and Rho for a 1+ + o+ transition 1 
involves the cos2 8 term with the following coefficient 

2 2 E 2 AaE = 3 A 2M (gA - gv - 2MgM + 2MgT)/gA (1) 

where A, E and M are the alignment, the kinetic energy of the elec-
tron and the nucleon mass, respectively ; gA = 1.23 gV, gM is the 
weak-magnetism term and gT the second class axial-vector coupling 
constant. The second forbidden contributions can be taken into 
account by introducing a term proportional to (E - E ) in the above 
paranthesis 2,3 (E is the end-point energy). The a~m of the expe-
riment is the dete~mination of the value of the quantity in the 
paranthesis of equ. 1., more specificaly at E = E • 

0 

MEASUREMENTS 

The oriented nuclei are produced by the 11 B(d,pJ 12B reaction. 
The most relevent parameters of the production are ; thickness of 
the production 11B target 110 µg/cm2, recoil angle of 12B (recoil 
distance) 40 ± 5° (100 mm), the recoils are implanted in a 
0.8 mg/cm2 thick Pd foil. The orientation of the implanted 12B is 
maintained by a static magnetic field (Bz = 30 G) perpendicular to 
the reaction plane. The s--rays from the Pd foil are counted and 
analyzed in their energy by two "identical" telescopes, made from 
plastic phosphors, located above ("Up" ; 180°) and belci~ ("Down" ; 
0°) the reaction plane on the axis aligned with the Pd foil. 
Unoriented 12B nuclei are obtained by the interruption of Bz during 
1 ms after the implantation("beam-on") period of 28 ms and before 
the counting period of 36 ms. The counting of s--particles from 
oriented/unoriented nuclei is alternated every 280 ms. The present 
experiment is done at four deuteron energies : 1.6, 2.0, 2.1 and 
2.2 MeV. In these production conditions the absolute value of A of 
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In-Elastic Interactions Of 69 GeV/c ProtonsVI.A.l 
With Em.ul~ion Nucleons 

0. E. BADAWY, A. A. EL-NAGHY, A. HUfil>EJ:N, 
N. lidET'J!iALLI and M.I. SHERIF, 

High Energy Experimental Laboratory 
Depaitment Of PJlysics, Faculty Of Science 

University Of Cairo, CAIBO - EGYPT • 
• • • • • • • • • • In this paper the resultsof the study of the inelastic pro-

ton - nucleon interactions in nuclear emulsions at 69 GeV/c are 
presented. A total of 1887 stars were obtained through 768 me-
ters scanned by the along the track method in a search for the 
inelastic interactions of protons with nucleons and nuclei of 
nuclea~ emulsions type Br-2 irradiated at the Serpukhov accele-
rator (USSB) with 69 GeV/c pro"bc., beam. It was found that the 
value df the mean free path of inelastic interactions with emul-
sion nucleons and nuclei ( A\nL ), is nearly the sam.e for both 
protons and pions in the range of energy from. about 6.0 up to 
300.0 GeV. At the same tim.e the value of the mean free path can 
be compared with that calculated from the emulsion com.position 
and assuming a..,... i\2.(3 dependence of cross section on atomic weisht. 

The charged multiplicity distribution of the p-p and p-n in-
teractions in our experiment together wit~ those obtained from 
the results of p-p experiments both in hydrogen bubble chambers 
and nuclear emulsions were found to be consistent with the wang's 
ii,..s-G. model, which reflects the cell structure of the nucleon 
in the energy range from. 50.0 up to 303.0 GeV. 

Besults on the energy variation of the topological cross-, ., 
section, average charged multiplicity (. n0 ')and the two particle 
correlation parameter are discussed. ~he tendency of the ~atio 
( (n,~/ D ) where D is the dispersionof the multiplicity dis-
tribution to approach a constant value at high energy is discus-
sed in terms of a two-component model of high energy interactions. 

The results of the different moments of the multiplicity dis-
tribution of p-p interactions is discussed to test the .KNO. sca-
ling behaviour of cross section. 

A comparison of these moments with the predictions of a semi-
classical composite model for p-p collisions at high energies is 
found to prefer the construction of a proton out of three quarks. 

A study of the rapidity distribution of the emitted secondari-
es considered all to be pions indicates the c9incidence of the di-
stribution of the parametet tJ, t )1. -= - In tan 0\,./2 ) at our energy 
69 Gev with that at 200 and 300 GeV in the region of target frag1fl-
entation especialy for slow pions. 

~he angular distribution of tb.e emitted secondaries was stu-
died in the C.M.S. of the two colliding nucleons in case of p-p 
and p-n events for different multiplicities. 

• • • • • • • • • • • • • • 

325 



326 

VI.A.2 
Cehereat Produetio• Of Partielea By 69 GeV/o P.rotou 

Ia lfuclear Eaulai•• 
O.E.BADAWY , A • .A..EL-lU.GHY , A.HUSSEIN, 

If. METTWALI sad II.I.SHERIF. 
High Energy Bxperiaea'tial Laborat•rJ' 

Depart;DlU.t of Ph1'aice, Facul't7 of Seieaee 
Universiv of Caire, CAIRO, EGYn. 

!!hie paper deals with u. experilleatal stud1' of 'tu multi-
ple particle production througa the ooaerent iatera.ction of 
69 GeV/c )7rotons with emul.aion. auclei. A stack of Br-2 nuclear 
emulsien was exposed to 69 GeV/e protona at Surpukb.ov (USSR). 
By along the track scannjng method, 768 meters of proton track 
were scanned and 1887 interactions were feuad. Out of this 
300 interactions were classified as white stars, (i.e. mainl,--
due to p-JlaCleon. interactions). 

An OTer-abundaDCe in the aml tiplicit7 diatribu"tiOD. of these 
white stars was noticed at n =l aad 3. !!his over-abuadan.ee 
is attributed to the coheren~h produc"tion. In the preseJ1.1; a:u.-
1,-sis we will mainly deal with "till• tlaree prong coherent events 
since the,- represen~ whe best sample for the following coherent 
processes here: + 

p + .A. - p 1T .,.( + • 'l'T 0 + A. 
'p + .A. - n1\"'\ ... •n+• ~(> + A. 

where A. is a target nucleus ia i1ia greuad s1ia1ie and. m=o,1,2,3, ••• 
Assuming a 11.aear iBcrease in the region. of n = 2 1 3 & 4 

in the aul:tiplicit,- distributien, a ~ugh eatillate0hof "the D.llllber 
of the tllree prong coherem evea1;a is obtaiaed. This lead to a 
value of m.eaJ1 free path for coherem •.hre• prong i:aterac:ticm of 
33.39 ~ ~!9i9 meters with a correspencUng cross section 5"c..o\\.= 
6.20 + 1.74 ab. 

I' deep anaqsia of 'the parameter E ab. e (where ~ is "the 
space angle ef the outgoing particles re1ative~o 1ih.e 1Dcidea1; 
beam directioa) for both the cleaa aBd dirt7 evems gave a 
25 + 6 for the number of three prong colutreat evens. !rhe 
corresponding mean free path is ~ ... 30. 72 + 10 meters and "3:: • ;;; 6 
ccoh. = 6.8 ± 1.8 ab. 

A througll. anal,-sis was d•ae for the azimuthal angular diatri-
bution of these three proag eTent• satiafTing the eohereace kill-
ematical conditions. This distribution beillg inconsiaten.t with 
'the random isotropic o:ne, reflects the fact of the presence of 
coherent stars. .l trial was done to separa"te the Jl.Ulllber of the 
coherent eveDts from those due to n.orm.al p-n interaotiona. .A. 
number of 24 three prong stars was ob"ta.ined as being due to 
coherent in.1ieractie:ns. The correspoDding mean free path is 
A ::: }2.0 m.e~ers and "the cross section i&~k.= 6.4? ab. 

?> The cross aeetion. of the three proag eohereat iDteraettou 
of protons with aucleii was fouad to increase linearly with the 
incident en.ergr Ep• !!his energy- dependence of the cross section. 
is compared with the optical aodel calculation.st. and with. the 
behaviour of the coherent eroaa section in case or ~"'= Au:c.'leus 
interactiona. 

• ••••••••••••• 
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Nuclear interactions of 200 and 300 GeV protons in emulsion. 
Barcelona-Batavia-Belgrade-Bucharest-Lund-Montreal-Nancy-Ottawa 

-Paris-Rome-Strasbourg-Valencia collaboration 
(sent by I. Otterlund, Lund). 

We have studied interactions in stacks of Ilford KS emulsions 
irradiated to the FNAL 200 GeV and 300 GeV proton beam in 1972 
and 1973. At the conference we will present results on the mul-
tiplicities of shower particles and heavy prong particles, on 
the correlations between shower particles and heavy prong par-
ticles, on the energy transfer between the incoming proton and 
the fast secondaries produced in the interactions and on single 
particle inclusive angular distributions. 
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Fig. 1 shows dif-
ferential n

5
-dist-

ributions aL 200 
and 300 GeV. 
Fig. 2 shows the 
correlations bet-
ween <Nh> and 

- 1 R = n ( <n h>) s c 

o~en circles this investiga-
tion, full circles Alma-Ata-
-Leningrad-Moscow-Tashkent 
collaboration, prenrint 1974 
n = number of shower par-

s ticles (fast moving se-
condaries with veloci-
ties exceeding 0.7c). 

Nh number of heavy prong 
particles (heavily-io-
nizing slow moving par-
ticles with velocities 
below 0.7c, mainly 
fragment products of 
the target)= <~ch>=. 
= mean mult1nl1c1ty in 
pp interactions. 

For small values of R there is no evident correlation to the 
heavy prong multiplicity. We interpret this as a sign of 
single collision events of diffractive or peripheral character. 
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VI .A. 4 
A phenomenological model for high energy proton-nucleus 

interactions. 
B. AnderssonE and I. Otterlundmm 

m TH-Div., CERN, Switzerland 
mEDept. of Cosmic High Energy Physics, Univ.of Lund,Lund,Sweden. 
We have developed a phenomenological model for high energy pro-
ton-nucleus interactions. In this model we describe multipli-
city distributions of shower particles and heavy prong partic-
les as a convolution of a leading particle contribution (LP-com-
ponent, index 0) and one (equal and independent) contribution 
(index 1) from each of the repeated collisions of the impinging 
proton and the nucleons inside the nucleus. The total multipli-
city of shower particles ns then results as a sum of contribu-
tions from the LP-componen~, n

0
, and from the RC-components, n

1
• 

+ ii cv-1) 
1 

-= n + n 
0 

Differential ns-distributions are given by the formulas: 

Ps(ns) = LTI(v) Ps(ns,v); TI(v) = 
\) 

the probability distribution 
for v incoherent collisions. 

Ps(ns,v) = l P0 (n0 ) P(n,v); P0 (n0 ) =negative binomial distr. 
n +n=n 

0 s 
P(n,v) l P 

1 
Cn)--- P 

1 
(nv); P 

1 
(ni) = Poisson dis tr. 

n + -- + n =n 
2 \) 

In Fig. 1 we compare the experimental shower particle distribu-
tion at 200 GeV (ref. 1-3) with two distributiogs predicted 
from the model. The dotted curve is valid for n = 7.68, n = 3.0 (the Gottfried EFC-model) and the solid0 curve for n1 = 9.3 and n = 2.3. The experimental distribution is compa-
t~ble with a n 1 value larger than the mean multiplicity in 
pp collisions ~t the same energy. 

300 200 GeV 

- n0 ,, 9.3. n1,,2.3 

--- no" ?.6a.n1,,3.o 

CT= 3 2 mb 
200 

100 

10 15 20 25 
NUMBER OF SHOWER PARTICLES . n1 

1. Barcelona-Batavia-Belgrade-
Bucharest-Lund-Lyons-Montreal-
-Nancy-Ottawa-Paris-Rome-
-Strasbourg-Valencia collabo-
ration, private communications. 

2. Babecki et al. private commu-
nications. 

3. Alma-Ata-Leningrad-Moscow-
-Tashkent collaboration, 
preprint 1974. 



Search for Ultra-high Momentum Transfer 
Scattering of Protons by Nuclei 

L.M. Lederman, and L.E. Price 
Columbia University, New York, N.Y. 

VI.A. 5 

A search has been made for high momentum nuclei or 
nuclear fragments produced by a proton beam on a nuclear 
target. Copper and tungsten targets have been used in 
300 and 400 GeV/c beams at Fermilab. The recoil nuclei 
are detected in dielectric track detectors made of 
synthetic fused silica. ~e insensitivity of these 
detectors to lightly ionizing particles makes it possible 
to use a very large flux of protons while looking for 
small numbers of recoil nuclei. The experiment is 
sensitive to momentum transfers up to 300 GeV/c. 
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CHARGED AND NEUTRAL PION PRODUCTION IN TT-Ne VI.A. 6 

COLLISIONS AT 200 GeV / c * 

J. S. Loos, J. R. Elliott, L. R. Fortney, A. T. Goshaw, 
J. W. Lamsa, W. J. Robertson, W. D. Walker, and W. M. Yeager 
Department of Physics, Duke University, Durham, N. C. 27706 

ABSTRACT 

Production of charged and neutral pions in TT Ne collisions 
have been studied in an exposure of the FNAL 30-inch bubble chamber 
filled with a mixture of Ne (,..,...,30 molar percent) and H 2 (r--70 molar 
percent). Charged and neutral pion multiplicities are presented and 
compared both to TTNe collisions near 10 GeV/c and to TTP collisions 
near 200 GeV/c. Except for the coherent TTNe diffractive processes, 
the same KNO scaling is found to apply to both TTNe and TTP collisions. 
Preliminary measurements for the charged pion rapidity distributions 
will also be presented. The data support and the "energy flux" cas -
cade models but disagree with the "independent cascade" models. 

* This work supported in part by ERDA, Grant AT-(40-1)-3065. 



VI.A. 7 
A STUDY OF 10. 5 GeV/c rr+ AND rr- WITH NEON NUCLEI* 

W. D. Walker, J. R. Elliott, L. R. Fortney, A. T. Goshaw, 
J. W. Lamsa, J. S. Loos, W. J. Robertson, W. M. Yeager 

Department of Physics, Duke University, Durham, N. C. 27706 

C. R. Sun and S. Dhar 
Department of Physics, State University of New York, Albany 12222 

ABSTRACT 

We report work done in the SLAG 82" bubble chamber filled 
with a Ne-H2 mixture. Distributions of rr- coming from the interac-
tion of 10. 5 GeV I c rr± with neon nuclei will be presented. Using the 
fact that neon is an I = 0 nucleus, we extract the momentum, rapidity, 
etc. distributions of both signs of rr' s. We have measured the spec-
trum of protons from these interactions up to 3. 5 GeV I c. Gammas 
are detected in the chamber with a 25 % probability. From the 
measurements of the momenta of the pairs, we determine the momen-
tum and rapidity distribution of rr01 s. By using the momentum distri-
bution of the charged and neutral Tr 1 s that are produced, we are able 
to make an energy balance on the rr-Ne interactions. This analysis 
indicates the production of some multi-BeV neutrons. 

* This work supported in part by ERDA, Grant AT-{40-1)-3065. 
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VI.A.8 
p - 4 He ELASTIC SCATTERING AT 24 GeV/c 

J. Berthot, G. Douhet, J. Gardes, L. Meritet, M. Querrou, A. Tetefort 
and F. Vazeille 
Laboratoire de Physique Corpusculaire, Universite de Clermont, BP 45, 
63170 AUBIERE (France) 

and 

J.P. Burq, M. Chemarin, M. Chevallier, B. Ille, M. Lambert and J.P. Marin 
Institut de Physique Nucleaire, Universite Claude-Bernard, 43, bd du 
11 novembre 1918, 69621 VILLEURBANNE (France) 

and 

J.P. Gerber and C. Voltolini 
Centre de Recherches Nucleaires, Universite Louis-Pasteur, Laboratoire 
de Physique Corpusculaire, Rue du Loess, 67037 STRASBOURG Cedex (France) 

This experiment was using an intense extracted proton beam at CERN 
and a gazeous Helium target. All information is obtained from the analysis 
(identification, energy, angle) of the recoiling nucleus, 3 He and 4 He, by 
means of a telescope of four large area ~E - E semiconductor detectors. 

The elastic data (about 75 000 events for p + 4 He + p + 4 He) cover the 
t-range from 0.03 to 0.72 (GeV/c) 2 , corresponding to six oraers of magnitude 
for the cross section. The presence of a minimum and a secondary maximum 
allows to check the Glauber model or other approximations. 



VI.A.9 

Two-step analysis of ·nuclear coherent 3n production in the Jp=O- state 

Per Osland, Universitetet i Trondheim, Trondheim, Norway 

Multiple pion production on nuclear targets has been extensively studied 
in the last few years, one aim being to get information on how the new-born 
multipion state propagates through nuclear matter. The conventional analysis 
gives the result that o[(3n) NJ ~ o(nN) for masses of the produced system being 
in the region of the A1 , whereas it is considerably smaller for higher masses 
( the A3 region), and also smaller for Sn systems1). It was recently shown 2 ) 
that these cross sections might all be roughly equal, if one allows for inter-
ference between one- and two-step processes, e.g. nN + A3N interfering with 
nN + A1N, followed by A1N1 + A3N1 • This result supports the idea that the final 
state does not develop until after the incident - now excited - pion has left 
the nucleus. 

The 3n data has now been partial-wave analyzed 3), and it appears that in 
the conventional analysis the Jp=O state has a much larger cross section than 
the dominant 1+ CA1 ) state, o[(3n) 0_ NJ~ SO mb. We have analyzed this 0-
production in terms of interference between a direct production nN + (3n) 0_ N 
and the two-step contribution nN + ( 3Tr) 1 + N followed by ( 3n) 1 + N' + ( 3n) 0_ N 1 • 

The 1+ state is assumed to be the dominant intermediary state, since it has the 
same naturality, and is very strongly produced. We further assume that the 1+ 
state has the same mass as the final 0 state. 

With all cross sections equal, o[(3n) 0_ NJ ~ o[(3n) 1+ NJ = o(nN) = 2S mb, 
we have tried ~o fit the observed A-dependence by varying the amplitude ratio 

R = 
f{n + (3n) 1+} f{C3n> 1+ + C3n) 0-} 

f{n + <3n>o-} felastic 

:0 ...-~~~~~~~~~~~~~~~~~--, The best fit is obtained for a rather 
large positive R, but no satisfactory 
agreement with the experimental. 
results seems possible (see figure). 
This indicates that at the present 
energies, the 0 state does develop 
inside the nucleus, contrary to the 
1+ and 2- states • 

,g 
~ 
0 u 

0 
.2 

• 1 

10 A 100 

Dashed curve: R = 0.4 
Solid curve: R = 0.8 

1) P. Milhlemann et al, Nucl. Phys. BS9 (1973) 106. 
2) G. Faldt and P. Osland, Nucl. Phys. BB7 (197S) 445. 
3) w. Beusch et al, Phys. Letters SSB (i97S) 97. 
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VI.A.10 
llmITE ENERCJY CORRECTIOMS AIJD Y..!ULTIPLIC'ITY FLUCTUATroNS IN GOTTFRIED'"'S' 

MODEL 011' HADRON NUCL"'EU'S nrTERAC'l'IONS 

BO Andersson 
Theory Division~ CEmr and 
Dept Theoreticla Physics, LUKD, Sweden 

A.pprecia.l:Ue corrections in the S erp!1Ukov-UAL-energy range are found 
in the model prposed by Gottfried. The reasons a.re partly that some 
parameters take on corrected values when con~eibl,.tions o:f the order 
unity cannot be neglected as compared to loeCs/m~). However one cor-
rection halt to do with the interpretation in experiments of' the 
predictions: the reco.iling nucleon fror.i 2.n elP.menta.ry colli ssion will 
in general be experimentally classified among the heavy-prong part-
icles. a.no not ri.:nong the slvrnerpn.rticl~s. The si!7.~ of' the c<:mtri '!yi-
tions from the repeated col:l_isions bc~·;cen the impinginc proton and 
the nucleons inside tbe ::ucleus is in -the m0 del. r.elztecL to the out-
cpme of .toi:rnnersetic :::cs~!!-~~::::'..~::>:: collisionz 

The res".ll ting mean charged r:riJ.:ttiplicity i:::: for 200 gev ;?roton energy 
for ea.ch such contribution aro:md 3. Therefore the neclect of the 
recoil nucleon is very noticable causine corrections of' the order 
3Q% •. 

In particular the po.ra.r:1et er ? in Got~ fried' s formula 

RA" « + !' (l>A· 1.) 

will become considerably sr.1aller, "9 "'.is ... a1 il1 the above-mentioned 
energy range. It will onl;:,r rise to 1/3 for verJ l1igh energies. 

Here &is the ratio beHee:'1. ~he mea.n ohowerpa.rticle mu:t. tplici ty for 
proton nucleus collisionz ( nuclear r.:<::.s:.:;number !t) a:-:.d the correspon-
ding cha{ied raultiplicity ~t pp collisions of t~e sane e~err;:f. 

Further ~ is the mea.n number of collisions as computed from a Glau-
ber. nuliip.1...a svo.t~rine J•or!"lt'.la •. Th-e p::.r~~;)tcr el co-:::-:;.-"cspondg to 
the "lea.ding particle "contri bu Hon o.nd in in Got-;; fried' s modelltcJ • 

There are in present experimental data indic~tions that ot-.1#.2. and 
that the value value of ? civen above is ~uite close. 

There is a.n appreciab:e broadening of the r.1Ultplicity cistribution 
due to the relative sensitivity of the results to some of the in-
going parameters~ in particular to the ~eynrna.n variable x of the 
leading particle. This Quantity is related to the inelasticity and 
from proton proton collisions we ~moi:-r that it e:rJiibits cs;:,entially 
~ flat distribution( neclecting diffractioni 

Sometrema.rfsraf'edmij.df. o:o. the difficul tics ,:i th relativistic invti.riance for he Gout rie s icing procedure. 



EXCITATION OF ThE 15.1 MEV LEVEL OF CARBON BY BEV PROTONS AND PIONS. VI.A.ll 
Authors: D. Scipione, W. Mehlhop, 0. Piccioni, P. Bowles, P. Caldwell, J. 
Sebek, R: Garland, B. Babcock, I. Kostoulas 

.In the cou:se of a.profram of using nuclear levels to l~el final states 
of high energy interactions we have measuredpthe cross section for the 
excitation of the 15.l Mev level of Carbon (J , I= l+,l) by BeV protons, and 
have observed an upper limit for the excitation by BeV pions. Near-elastic 
(without production of secondaries) excitation by protons exhibits a very 
marked decrease with increasing incidentmomentum, namely from 183±20 microbarns 
at .68 BeV/c to an upper limit of 20 microbarns at 2.0 BeV/c. It is known 
that excitation of C (15.1) requires flipping of both mechanical and isotopic 
spin of a nucleon. On the other hand, the symmetry between proton and 
neutron states in C, with the consequent symmetry of states with Iz = + ~. - ~ 
resp. would produce zero amplitude when the incoming protons interact with 
equal strength with neutrons and protons. As this is the case at 2.0 BeV/c 
and not at .68, a qualitative explanation in these terms.seems reasonable. 
An adequate theoretical analysis (we know only of the work of Kawai et al2 
at 180 Mev kinetic energy) of our data should yield quantitative information 
on the degree of synnnetry of the nucleonic wave functions in C, as well as 
on the importance of second order effects such as multiple scatterings of 
the incoming protons within the nucleus. 

In contrast, for C (4.4) we reported beforel a flat momentum dependence 
for the excitation cross section, both for protons (3.2 mbarns) and for pions 
(1.8 mbarns) up to 4 BeV/c. Of course for the C (4.4) level no flipping is 
expected to be involved, as confirmed by the observed recoil-gamma 
correlation, and diffraction scattering should be sharply preferred. 

We find an upper limit of about 5 microbarns for C (15.1) excitation by 
3 to 4 BeV pions. This is also consistent with the near equality of pion-
proton and pion-neutron interaction. In particular, C (15.1) should not be 
expected to be excited by interactions mediated by a rho or by a neutral 
pion, because of the internal;structure of C, though "macroscopically" 
the quantum numbers of the transition JP, I= 1+,l fully allow such 
exchanges. The prohibition of pion or rho exchanges, if adequately strong, 
might of course be in itself a very useful tool for labeling high energy 
fnteractions. 

D. Scipione, w. Mehlhop, R. Garland, O. Piccioni, P. Kirk, P. Bowles, J. Sebek, 
s. Murty, H. Kobrak, J. Marraffino and P. Allen, Phys. Lett. 42B, 489, (1972) 

G. Ascoli, T.J. Chapin, R. Cutler, L.E. Holloway, L.J. Koester, U.E. Kruse, L. 
J. Nodulman, T. Roberts, J. Tortora, B. Weinstein, and R.J. Wojslaw, Phys. Rev. 
Lett. 31, 795, (1973) 

G-.-Ascoli, T. Chapin, L. Holloway, L. Koester, W. Kruse, L. Nodulman, and 
R. Wojslaw in Proceedings of the Fifth International Conference on High Energy 
Physics and Nuclear Structure, Uppsala, Tibel, Ed., North Holland (1973) p. 147. 

W. Mehlhop, D. Scipione, 0. Piccioni, l'. Caldwell, ·J. Sebek, R. Garland, B. 
Babcock, P. Bowles, and I. Kostoulas, presented at the Topical Meeting on High 
Energy Collisions Involving Nuclei, Trieste, (1974) (to be published). 

L. Koester, et al., presented at the Topical ~1eeting on High Energy Collisions 
Involving Nuclei, Trieste, (1974) (to be published) 
2M. Kawai, T. Terasawa, and K. Izumo, Prog. Theor. Phys. 27, 404, (1962) 
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STRIPPING AND DISSOCIATION OF 6 Bev DEUTERONS AND TAGGED NEUTRON BEAMS~I.A.l 2 

Authors: P. Bowles, C. Leemann, W. Mehlhop, H. Grunder, O. Piccioni, 
R. Thomas, D. Scipione, R. Garland and J. Sebek 1 Short, preliminary reports of this work at LBL (Bevatron) have appeared . 
We have now completed the computation of various corrections and of the 
expected values for some of the experimental data, on the basis of a simple 
model. Deuterons of 5.85 BeV/c passed through a target of various elements, 
at various times. Protons from the target were focused and momenEgm analyzed. 
Neutrons were detected at the end of a 383 foot pipe, within 3 10 steradian, 
and their moment\Dll was measured by their time-of-flight. The neutron 
moment\Dll spectr\Dll showed an outstanding peak at half the deuteron moment\Dll; 
the forward differential cross sect!~ns (Table) for neutron stripping 
were found to be proportional 20 A' (other workers at lower energies have 
obtained a similar dependence ). The moment\Dll spread was* 3.8% (HWHM) 
with the Be target and± 3.3% with U. The proton momentum spectrum was 
similarly narrower for U than for Be. The smaller width~3 in U as well as 
the steepness of the A dependence, which is more than A' which we would 
expect from a strong interaction phenomenon, are probably due to the 
importance of coulomb dissociation for heavy elements. 

We have also "tagged" the neutrons on the basis of their coincidence 
with protons. The pr~ton counter, half-inch wide, selected protons within 
a momentum spread+of - .35%, and the tagged neutrons were observed to have a 
spread less than~ .7%, probably all due to experimental error. The actual 
spread is expected to be just equal to that of the proton detector. The A 
dependence of §~is process, (Table) after correcting for our proto11 solid 
angle, is A • Thus, the Coulomb field is clearly a major contributor. 
In fact, using the Weizsacker-Williams method and distinguishing the 
different ~uclear absorptions for different impact parameters, we would 
expect A • , indicating that for Uranium, only 6% of the tagged neutrons are 
produced by non- Coul~mb inte=actions (~6% for Be). M.L. Richardson and L. 
T. Kerth; Meyer; Faldt and Lander et al have also pointed out that coulomb 
dissociation is expected to dominate for U. we also observed that about 45% 
of the high energy neutrons produced by U are accompanied by a tagging proton. 
Thus, we esti~te that with a proton channel of larger, yet feasible, 
efficiency, 10 tagged neutrons per second could be obtained in 3 X 36square 
inches, at 30 feet from a 1/8 inches U target, accompanigd by 1.75 10 
untagged neutrons. The proton counters would count 5 10 protons. 4% of 
the "tagged" neutrons will be accidental coincidences between the neutron 
and proton channels, assuming a resolution of 4 nsec. Less intensity 
results in less accidentals. At BNL, for the same flux, 
accidentals will be 2%. It is important to note that obtaining 
neutron beams from protons at these high energies is very disadvantageous 
because of the rapid decrease of the charge exchange cross section. 
TARGET Be + c+ A,l C¥ Pb + +u 
dcr (0) (b/sr) 109.8-2.l 115.8-3.2 170.1-3.8 295-8.2 505,2-14.7 57~-16. 

+ 1. 7- • 7 + 8. 9-1.6 + 40.0-3.5 + 174.-12. 
dO untagged 
dcr (0) (b/sr) 
~Q tagged 

CERN Courier 12, No. 5 (1972); c. Leemann, et al, Int. Conf. on Inst., 731 
~Frascati, Italy,1973); P. Bowles et al, Bul. of the A.P.S. 17, 1188 (1972). 
R.L. Lander et al P.R. 137, Bl228 (1965); L.M.C. Dutton et al, Nucl.Ph.Al78 

~88 (1972); G. Bizard et al, Nucl. Ins:. and Meth. 111, 445 (1973). --
G. Faldt, P.R. D2, 846 (1970); L.T.Richardson, Bul. of the A.P.S. 18, 1605 

(1973); W.T. Meyer, Arg.Nat.Lab. Report ANL/HEP 7441 (1974). 



VI.A.13 
Alexeev G.D., Zaitsev A.M., Kalinina N.A., Kruglov v.v., 
Kuznetsov V.N., Kulikov A.V., Kuptsov A.V., Nemenov L.L., 
Pontecorvo B.M., Khazins D.M., Churin I.N. 

Joint Institute for Nuclear Research, Dubna, USSR 

SEARCH FOR DELAYED HIGH ENERGY RADIATION 
FROM PB TARGET IRRADIATED BY 45 GeV PROTONS 

Search has been performed for delayed gamma-quantum or 

electron radiation which can appear in the decay of hypothetical 

long-lived particles produced in collisions of 45 GeV protons 

with Pb nuclei. The lifetime region from 0.1 sec to a day has 

been investigated. The delayed radiation effect was not observed. 

The values of the upper limit of the cross section for quasiradio-

active nucleus production were obtained to be of the order of 
10-34 cm2 for Pb nucleus. 
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VI. B.1 

Inelastic Interactions of 17 GeV/c rft Particles 
w~th Nuclei 

Dubna-Moscow-Leningrad-Koshice-Tashkent-Warsaw 
Collaboration 

presented by E. Skrzypczak /University of Warsaw/ 

A sample of 5056 inelastic interactions of relativistic °' - particles /17 GeV/c I with nuclei was analysed with the 
emulsion techniques. Two kinds of emulsion were used /one with 
a standard atomic composition and another one with an increa-
sed amount of light nuclei/, which made it possible to obtain 
cross-sections, multiplicity and angular characteristics 
separately for heavy /Ag, Br/ and light /C, N, 0 I target 
nuclei. These characteristics are analysed and discussed in 
detail. 

Stripping and fragmentation reactions were selected out of 
the sample of interactions for which at least one particle 
with Z = 1 or Z = 2 was emitted at a small angle 1<3° I with 
respect to the prima.rJ1 particle direction. 

The cross section for proton - stripping reaction was 
obtained and the relative frequencies of inclusive reactions 
4He +Nucleus~ ( 4He,3He,3H, 2H, 1H) +anything were estimated 
for the standard emulsion nuclei as 4 target$ 
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VI. B. 2 
ANALYSIS OF QUASI-ELASTIC KNOCKOUT OF ALPHA PARTICLES 
FROM 160 AND 28si BY 0.65 AND 0.85 GeV ALPHA PARTICLES 

N. Chirapatpimol, J.C. Fong, M.M.Gazzaly, G.J. Igo, A.D. Liberman, 
S.L. Verbeck, C.A. Whitten, 

University of California, Los Angeles 
J. Arvieux, V. Perez-Mendez, 
Lawrence Berkeley Laboratory, 

M. Matoba 
Centre d'Etudes Nucleaires de Saclay 

and N. Chant, P. Roos 
University of Maryland 

An analysis is in progress of quasi-elastic data taken in a coplanar geome-
try with angular settings (81,82) for the two arms of the detection system of 
(31°, 57°), (36°, 51°) and (43.5°,43.5°). The acceptances of the two arms are 
~n1~ 5 msr and ~n2 ~ 60 msr. We are using both the plane wave impulse approxi-
mation (PWIA) and the distorted wave impulse approximation (DWIA). The measured 
differential cross sections dcr/dn were obtained by integrating over ~n2, inte-
grating over the momentum spectrum measured by the detector arm at e1, and by 
sunnning over the excitation energy of the residual nucleus. Experimental re-
sults are : I) at 0.85 GeV, dcr/dn for 160 is 2.5 times larger than .for 28si at 
(81, 82) = (36°, 51°); 2) for 16b, dcr/dn at (43.5°, 43.5°) at 0.65 GeV is 
4 times larger than at 0.85 GeV. Using PWIA, dcr/dn was calculated making the 
assumption that the off-energy shell a-a cross section is equal to the measured 
on-shell a-a cross section. This is justified because the measured variation 
of a-a scattering as a function of momentum transfer at fixed incident energy, 
and as a function of incident energy at fixed momentum transfer is consistent 
with a few percent correction resulting from 
the use of on-shell a-a cross sections. The 
wave functions for the (a-cluster + residual • 0.6 core) system was calculated using a square 
well potential. A single parameter, Neff, 
which is the effective number of alpha par- ~ 
ticles, was adjusted to bring the calcula- :'.! 0.4 
tion into best agreement with dcr/dn. Good ~ 
fits were obtained for both targets ; the ~ 
results for 160 at 0.85 GeV is shown in the -o 0.2 

figure. The values of Neff are 0.34 ~8:85 

16 0(a,2a l 12 C 
PWIA fit with N0 =0.34 

and 0.20 ! 8:6g for 160 and 28si respecti-
vely. Fits to dcr/dn employing DWIA will be 
reported. The effect of distorted waves is 
determined from analysis of a-12c elastic 
scattering at Ta= 104, 139, 147, 166 and 
1370 MeV. A straight line interpolation of 
the volume integrals, JR and Jr, for real 

0 '---3~0=--~~----,3~5=--~~~440~~~~4~5,_ 

Blab. (deg) 

Fig. 1 Data and PWIA Analysis 
for the 160(a,2a) 12C Reaction at 
0.85 GeV. 

and imaginary parts of the potential plotted against Ln Ta is consistent with 
the optical model analyses of the elastic scattering da~a. Values of JR and J 1 
for 200 < Ta < 850 MeV are needed in this analysis. In this interval, JR de-
creases to nearly zero and J 1 is constant. Thus except for the lowest energy 
alphas observed, the distortive effect is mainly due to attenuation. 



VI. B. 3 
16 0-Emulsion Nucleus Interactions at 0.15-0.2 and 2 GeV/n 
B. Jakobsson, K. Kristiansson, R. Kullberg, B. Lindkvist 

and I. Otterlund. 
Department of Physics, University of Lund, Lund, Sweden. 

Emulsion stacks were exposed to the 16 0-beam of the Berkeley 
Bevatron at 250 MeV/nucleon (Ilford GS) and 2.1 GeV/nucleon 
(Ilford K2) in 1972. 

So far we have obtained about 1900 events induced by 16 0 in 
the energy interval 200-150 MeV/nucleon. The purpose of this 
investigation is to determine the fragmentation cross sections 
of multiply charged fragments at an energy which is one order 
of magnitude below the energy in a similar study made at the 
Berkeley Bevatron with a magnetic spectrometer. The charge of 
a fragment is determined by ~hotometric measurement~ of the 
last 3.5 mm of the track. 1 0 and 12 C tracks from the beam 
are used for calibration. Fragmentation cross-sections will 
be presented at the conference. 

269 interactions have been studied at 2.0 GeV/nucleon. We 
have found that C-, N- and 0-isotopes as well as He-isotopes 
in events with three He-particles (Fig. la) show Gaussian 
transverse momentum distributions and thus confirm the results 
found by the Heckman-group, Berkeley. On the other hand the 
momentum distributions of He-isotopes in reactions with one or 
two He-particles deviate conciderably from this picture 
(Fig. lb). He-isotopes with large transverse momenta are emit-
ted. The largest emission angle observed is 13.5° correspon-
ding to a momentum transfer to the He-cluster of about 700 
MeV/c per nucleon. 

1•He,2111 He 

t 
200 

Aexp (-P~/2u2 ) 
u = 140 MeV/c 

b 

300 

P •. P" MeV/c per nucleon 
50 

A exp (-P~/2u2 ) 
er= 140 MeV/c 

.. a 

150 
P •. P" MeV le per nucleon 

100 

10 

Fig. 1. Transverse momentum distribution for 
He-isotopes emitted from 1 ro at 21GeV/nucleon. 
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PION PRODUCTION IN NUCLEUS-NUCLEUS COLLISIONS* 

L. s. Schroeder 
Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

VI.B.4 

Current experimental and theoretical work on pion production in high-
energy nucleus-nucleus collisions is reviewed. The majority of existing 
data are of the inclusive variety in which a single final state pion is 
detected. Experimental data are compared and their possible contributions 
to obtaining new information on nuclear structure is discussed. Various 
models which attempt to explain the observed single-inclusive-pion spectra 
either on the basis of a nucleon-nucleus interaction in which Fermi motion 
is included or on some type of cooperative model are examined. Other 
areas of interest involving pion production include tests of charge symmetry 
and pion multiplicities. 

*Work done under the auspices of the U. S. Energy Research and Development 

Administration. 



VI.B.5 
MULTIPLE-DIFFRACTION EXPANSION FOR INTERMEDIATE-ENERGY REACTIONS 

C. W. Wong and S. K. Young 
Department of Physics, University of California 

Los Angeles, California 90024* 

ABSTRACT 

A multiple-diffraction expansion for heavy-ion reactions is 
constructed in which the leading term is Glauber's phenomenological 
multiple-diffraction amplitude. This is achieved with the help of a 
pseudopotential between elementary particles in ions which in the Glauber 
approximation gives the empirical elementary scattering amplitude. The 
leading corrections to Glauber's phenomenological amplitude include 
(i) a wave-spreading term of Wallace, (ii) an internal-excitation term 
of Hahn, (iii) a pseudopotential term which contains effects of wave 
spreading and zero-point motion of bound particles in ions, and (iv) a 
Pauli term for antisymmetrizing two clusters of identical fermions. 
Explicit expression for these corrections are given in the impact-
parameter representation. The nature of these corrections is briefly 
discussed. Other corrections which have to be included in realistic 
calculations will be mentioned. 

* Work supported in part by the National Science Foundation. 
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(a,a') SCATI'ERING ON 12c AT 1.37 GeV 
..... . .+ 
i. Bauer, R. Bertini , A. Boudard, G. Bruge, 

H. Catz, A. Chaumeaux, H. Duhmtt, J.M. Fontai~e , 
D. Garetta, V. Layly, J.G. Lugol and R. Schaeffer 

GEN SacZay, BP 2, 91190, Gif-sur-Yvette, France. 

VI. B. 6 

Elastic and inelastic scattering of 1.37 GeV a-particles have been mea-
sured by means of the SPES I magnetic spectrometer facility. The a-particles 
were accelerated by the synchrotron Saturne. Angular distributions have been 
measured in a 3-15° angular range for the ground and the first three excited 
states l.n . ·12c. The energy resolution was 400-:700 keV. Calculations have. been 
performed in the framework of the Kerman, McManus ~nd Thaler formalism. The 
nucleon-a amplitudes have been calculated from the nucleon-nucleon data at 
T.= T~/4 i.e4 350 MeV by means of the Glauber model and checked on the expe-
rimental p- He data at the same energy. 

t 

tt 
CRN Strasbourg (France) 
Institut fur Experimental physik Hamburg (Germany). 



VI.B.7 
Heavy Ion Collisions at ISR Energies: Possibilities for Experimental Study 

H. G. Pugh 

Department of Physics, University of Maryland, College Park, MD 20742 

There has been great excitement generated recently by the development of 
heavy-ion beams in the region of 2 GeV/nucleon, particularly at the Bevalac. 
At the same time the strikingly original theoretical work of Lee and Wick and 
of Chapline, et al. has provided strong motivation for work in this area. It 
is the purpose of the present paper to emphasize that heavy ion studies at 
much higher energies are a practical possibility for the near future and to 
urge that these possibilities be taken seriously in the planning and develop-
ment of new and existing accelerator facilities. 

The basic observation is that heavy ion collisions at vastly increased 
energies can be obtained using existing intersecting storage ring facilities. 
This was suggested as a possibility by Gottfried at the last conference in 
this series. Fully-stripped heavy ions in the CERN ISR would provide equiva-
lent energies of about 300 GeV/nucleon and any new storage ring facility at 
400 GeV would provide an equivalent energy of about 50,000 GeV/nucleon. 
Studies at CERN indicate that injection of deuterons or alpha-particles could 
be achieved almost immediately while injection of light ions up to Carbon or 
Nitrogen will require only moderate development effort. Injection of fully 
stripped Uranium ions is at present still a dream. However, for concreteness 
the following remarks will be focused on fully stripped Uranium collisions; 

(1) Predictions of the interactions are extremely difficult and the main 
difficulties lie in lack of knowledge of the strong interaction itself: the 
studies will therefore cast light on the nature of the strong interaction. 

(2) The general behavior of the collision is dominated by its extreme 
relativistic nature. At 300 GeV/nucleon the entire nucleus is compressed 
longitudinally into about 1/50 the thickness of a proton. Many nucleons will 
therefore interact at once with any nucleon in the other nucleus. 

(3) For many features of the interaction the thermodynamic predictions of 
Landau may be the most reliable. Here the Uranium nucleus is treated like a 
large proton since it has about the same density. Scaling from ISR results for 
p-p collisions then permits some predictions to be made for U-U collisions. 

It is suggested that the exploratory studies should be conducted with 
experimental configurations that are identical to those used for studies of 
p-p collisions. A comparison might be made of p-p, p-H.I. and H.I.-H.I. col-
lisions at the same GeV/nucleon. Pion multiplicities in the central region 
might be studied: the Landau model predicts about 600 pions produced per col-
lision for U-U at the ISR. Inclusive distributions should be studied. Streamer 
chamber studies of individual events should be made. It is rc.~arkable to con-
sider that with 1000 or so particles emitted in each interaction, angular dis-
stributions with good statistics will be measurable for individual events. 

According to this preliminary program the only important changes in the 
high-energy physics program would be additional work at the injector end of the 
facilities and devotion of a limited part of running time to heavy-ion beams. 
The extra effort would be most appropriate at the more complex facilities such 
as CERN where beams from the PS, SPS and ISR would provide a very'wide range of 
energies and experimental setups for a relatively minor additional expenditure. 
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VI. B. 8 
Observation of Double Spectator Process in the D + D Reaction 

B.Th. Leemann, H.G. Pugh, N.S. Chant, c.c. Chang 
Physics Department, University of Maryland, College Park, Md. 20742 

In the d + d collision at suitably high energy an important part of the 
reaction may occur through collision between a single nucleon in the projectile 
deuteron and a single nucleon in the target deuteron. In this process the non-
participating nucleons in the projectile and the target would each act as spec-
tators and the cross-section is expected to be largest when each of the spec-
tators has in the final state half of the initial momentum of the deuteron from 
which it originated. 

For exploratory studies we have used the University of Maryland cyclotron 
to bombard a deuterium gas target with 80 MeV deuterons. We detected outgoing 
proton pairs at equal angles e I e 0Il Opposite Sides Of the beam direction and 
measured their energies E1 , E2

1witfi silicon counter telescopes. We observe a 
strong enhancement above four-body phase space near e1 = e2 = 43°; E1 = E = 18 
MeV. The enhancement is observed both in the angular correlation and in fhe 
energy spectra. The figure shows the cross-section and four-body phase space 
for e1 = e2 = 43° and for E1 = E = E plotted as a function of E. Analysis of 
the details of the enhancement a~e in progress. Apart from the double spectator 
process a narrow enhancement in this region of phase space might be expected to 
arise from the excitation of each deuteron to the S = O, T = 1 virtual state, 
i.e. 

d + d -+ d* + d* 

In this case the detected protons arise from the decay of the two virtual 
deuterons. 
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FRAGMENTATION OF RELATIVISTIC NUCLEI 

Bruce Cork 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 U.S.A. 

ABSTRACT 

Nuclei with energies of several GeV/n interact with hadrons 

VI. B.9 

and produce fragments that encompass the fields of nuclear physics, 
meson physics, and particle physics. Experimental results are now 
available to explore problems in nuclear physics such as a) the 
validity of the shell model to explain the momentum distribution 
of fragment, b) the contribution of giant resonances to fragment 
production cross sections c) the effective coulomb barrier d) 
nuclear temperatures. A new approach to meson physics is possible 
by exploring the nucleon charge exchange process. Particle physics 
problems are explored by a) measuring the energy and target depen-
dence of isotope production cross sections, thus determining if 
limiting fragmentation and target factorization are valid, b) measur-
ing total cross sections to determine if the factorization relation 

cr AB2 = cr AA • crBB is violated . 

c) determining the angular distribution of fragments that could be 
explained as nuclear shock waves. New experiments have been pro-
posed to explore for abnormal matter produced by very heavy ions 
incident on heavy atoms. 
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6Li(a,2a) at 700 MeV and the a-d Momentum Distribution 

W. Dollhopf and C. F. Perdrisat 
Physics Department, College of William and Mary 

Williamsburg, Virginia 
and 

P. Kitching and W. C. Olsen 
Nuclear Research Centre, University of Alberta 

Edmonton, Canada 

VI.B.10 

* In a recent experiment at the Space Radiation Effects Laboratory the 
cross section d5cr/dTai a.na1 a.na2 has been measuredl with a magnetic spec-
trometer-range telescope arrangement. Using an interpolated value from 
data at 650 MeV and 825 MeV for the elastic cross section recently obtained 
by Ridge e.a. , 2 the recoil momentum distribution j¢(q)j2was then calcula-
ted on the basis of the Plane Wave Impulse Approximation. 

To compare the a-d momentum distribution thus obtained with results 
from different experiments, we used the Cnew-Low plot. As was shown by 
Ghovanlou and Prats,3 with that method the data from 6Li(p,pd) at 156 Mev4 
and at 590 Mev6 are compatible with each other and with the pole approxi-
mation result j¢(q)j2 = K/TI2(q2+K2)2 for q ~ 60 MeV/c. Here K = (2µB)~, 
where µ is the reduced mass of the a-d system and B = 1.47 MeV is the sep-
aration energy for 6Li + a + d. 

The distribution j¢(q)j2 obtained in the present experiment is again 
compatible with the two results from ref. 4 and 5 and with the pole ap-
proximation, Interpreted in terms of a-d clustering probability n~d' where 
(naa.)~ is the normalization constant in the pole wave function ~(rJ = 
(nad.)~ (K/2TI)~ exp(-K/r)r, the 3 experiments give nad = 1.31, 1.07 and 1.00 
for ref. 4, ref. 5 and the present results, respectively. 

+ Fur~her comparison with low energy (p,pa)6 and with (TI-, 2n)7 and 
(TI , 2p) experiments leads to an interesting convergence of these numer-
ous attempts to ascertain the a-d content of 6Li. 

* supported in parts by the National Aeronautics and Space Administration, 
the National Science Foundation and the Commonwealth of Virginia. 

1. W. Dollhopf, e.a., Bull . .Am. Phys. Soc. 19, 43 (1974). 
2. R. J. Ridge, G. J. Igo, and A. D. Liberman, Bull • .Am. Phys. Soc. 20, 

83 (1975). 
3. A. Ghovanlou and F. Prats, Phys. Rev. C 10, 1300 (1974). 
4. D. Bachelier, Ph.D. thesis, U. Paris-Sud-:-orsay, unpublished (1971). 
5. P. Kitching, e.a., Phys. Rev. C 11, 420 (1975). 
6. M. Jain, e.a., Nucl. Phys. A 153-:-i+9 (1970). 
7. H. Davies, e.a., Nucl. Phys. 78, 663 (1966). 
8. E. D. Arthur, e.a., Phys. Rev-.-C .!.!_, 332 (1975). 



VI.B.11 
FRAGMENTATION OF RELATIVISTIC HEAVY IONS 

Herman Feshbach 
Laboratory for Nuclear Science and Department of Physics 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

ABSTRACT 

The cross-section for fragmentation of a relativistic 
heavy ion projectile has been calculated. In the rest frame of 
the projectile, the effective time dependent potential acting on 
a nucleon or cluster in the projectile is assumed to arise from a 
Lorentz contracted target moving in a straight line with constant 
velocity. The excitation of the projectile to an energy "'hw is 
shown to be produced by the component of this potential with 
frequency w. Longitudinal momentum transfer is neglected but 
the effect of the transverse momentum change, assumed to be small, 
is included. The dependence of the cross-section on the target 
mass number AT is found to be approximately AT· 27 . 

This work is supported in part through funds provided by ERDA 
under Contract AT(ll-1)-3069. 
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EFFECTS OF THE COULOM:B FIELD ON THE SCATTERING OF 
HADRONS Ah"D F.EAVY IONS BY NUCLEI* 

VI. B.12 

Girish K. Varma and Victor Franco 
Physics Department, Brooklyn College of the City University 

of New York, Brooklyn, New York 11210 

The diffraction minima which occur in the elastic scattering intensi-
ties in high energy hadron-nucleus collisions are very sensitive to· 5' , the 
ratios of real to imaginary parts of the hadron-nucleon forward scattering 
amplitudes. Hence, for simple nuclear targets, the scattering measurements 
near the minima can be used to estimate J .1 However, the Coulomb effects 
are also significant at the minima and must be accurately included. By 
performing exact calculations within the diffraction theory, we have in-
vestigated the accuracy of the various approximate formulae which have been 
used in the past. We find that the point charge approximation2 for each 
proton in the target is fairly accurate if the ratios ~are different from 
zero. If 9 is very small, this approximation may lead to errors up to~8% 
near the minima. The other approximations, where the Coulomb effects are 
considered to originate from the nucleus as a whole, lead to much larger 
errors. 

We have also studied the problem of incorporating the extended charge 
Coulomb effects in the heavy-ion collisions, in the "optical limit" of the 
theory. For collisions between light nuclei, the results are reduced to 
the evaluation of a single integral. Contrary to the belief that the Cou-
lomb effects are important only at very small angles and near the minima, 
we find that they are significant even at the maxima, increasing the cross 
sections by ~J 15-20%, for example, for 12c-12C collisions at 2.1 
GeV/nucleon. Our expressions can also be used to include the Coulomb 
effects in the Chou-Yang model where it has been suggested3 that s:> can be 
treated as a free parameter to be determined by fitting the scattering data. 
* Work supported in part by the National Science Foundation. 
1. W. Czyz, in Advances in Nuclear Physics, edited by M. Baranger and 

E. Vogt (Plenum, New York, 1971), vol. 4. 
2. H. Lesniak and L. Lesniak, Nuc. Phys. B38, 221 (1972). 
3. W. L. Wang and R. G. Lipes, Phys. Rev. C9, 814 (1974). 
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DEUTERON BREAK-UP ON PROTON AT 2.95 GEV/C 

J.Banaigs, J.Berger, L.Goldzahl, L.Vu-Hai 
CNRS et Departement Saturne, CEN Saclay, France 
M.Cottereau, C.Le Brun 

VI.B.13 

Laboratoire de Physique Corpusculaire Universite de Caen, 
France 
F.L.Fabbri, P.Picozza 
Laboratori Nazionali di Frascati del CNEN, Italy 

The reaction dp~px has been studied at the Saclay synchro-
tron Saturne. The use of a deuteron beam allows one to have small 
losses of the spectator nucleons due to favorable conditions of 
their observation. The aim of this experiment is to look, from 
the point of view of the impulse approximation, for the spectator 
distribution in the deuteron. 

The figure shows, for three laboratory angles, the inclusive 
proton momentum spectra for which the possible spectator momentum 
in the deuteron system ranges from 120 to 450 MeV/c. These spec-
tra include the contribution of p-p interaction and the inter-
mixing of the d-p channels. Prelimary results of the analysis 
show an excess high-momentum spectators, which cannot be explai-
ned by multiple scattering only. 
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VI. B.14 
3 He PRODUCTION FROM 6.9 GeV/c 4 He BREAK UP ON HYDROGEN TARGET 

J.Berger,J.Duflo,L.Goldzahl,J.Oostens~F.Plouin,M.Van den 
Bossche~L.Vu Hai*- CNRS et Departement Saturne Saclay, France 
G.Bizard,C.Le Brun - Universite de Caen, France 
F.L.Fabbri,P.Picozza,L.Satta - Laboratori Nazionali di 

Frascati del CNEN, Italy 

3 0 0 
He momentum spectra were taken at angles 0 < Qlab<ll . 

Their general shape is a broad peak centered roughly at 3/4 of the 
incoming momentum, suggesting a quasi two body reaction widened by 
Fermi motion. 

Fig.l shows the integrated cross section as function of 
cosQlab. At small angles the slope is compatible with what is ex-
pected from knocking a neutron out of the 4He, the ltte acting as a 
spectator. The momentum and angle distribution thus reflects the 
Fermi momentum of the neutron in the 4He (Fig.l, doted line). 

At larger angles the shift of the peak toward lower mo-
mentum is larger than predicted by the knock out kinematics (Fig. 
2). The observed shift is compatible with the elastic scattering 
on protons of 3He at 3/4 of the incoming momentum suggesting the 
existence of a 3 He component in the 4He wave function. 
•Supported by the Departement Saturne. 
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PRELIMINARY STUDY OF He 4 +p+ 3He+d at 4.0 GeV/c 
VI. B.15 

J.Berger, J.Duflo, L.Goldzahl, F.Plouin - CNRS, Departement 
Saturne S'aclay, France 
J.Oostens, M.Van den Bossche, L.Vu Hai - CEA, Departement 
Saturne Saclay, France 
G.Bizard, C.Le Brun - Lahoratoire de Physique Corpusculaire 
Universite de Caen, France 
F.L.Fabbri, P.Picozza, L.Satta - Laboratori Nazionali di 
Frascati del CNEN, Italy 

Existence of bary~nic excited states inside nuclei have been 
proposed for some time . The reaction 4 He+p+ 3 He+d (1) can be re-
lated to p-d backward elastic scattering (see insert in fig 2) 
where N*components of the deuteron have shown to play some role 2 . 

lhe interest in studying (1) at higher energy than existing 
data, is to point out the contribution of exch~nged baryonic 
&xcited states present inside•He nuclei. 

Evidence for reaction (1) appears in our data as a sharp 
peak at upper end of the 3 He momentum spectrum measured with our 
spectrometer system. Fig 1 shows a typical peak, centered at the 
kinematical predicted position. The width, 30 MeV/c, is consis-
tent with our experimental resolution (~p/p=l% FWHM). 

Cross sections presented in fig 2 have been obtained by in-
tegrating the peak with allowance for a smooth background sub-
straction. 
1 A.K.Kerman and L.S.Kislinger Phys. Rev. 180 (1969) 1483. 
2 L.Dubal et al Uppsala Conference(1973)p.209. 
3 M.Bernas et al Phys. Let. 25B (1967) 260. 
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VI.B.16 
ALPHA - PROTON ELASTIC SCATTERING IN THE FORWARD HEMISPHERE 

IN THE MOMENTUM RANGE FROM 4.0 TO 6.9 GEV/C 

J.Berger, J.Duflo, L.Goldzahl, F.Plouin - CNRS, Departement 
Saturne Saclay, France 
J.Oostens, M.Van den Bossche, L.Vu Hai - CEA, Departement 
Saturne Saclay, France 
G.Bizard, C.Le Brun - Laboratoire de Physique Corpusculaire 
Universite de Caen, France 
F.L.Fabbri, P.Picozza, L.Satta - Laboratori Nazionali di 
Frascati del CNEN, Italy 

Exploratory measurements have been taken with the same spec-
trometer system used in the preceding experiments<~) They cover the 
yet unexplored region of -t in the 1. to 2.5 (GeV/c) 2 range, and 
overlap in some kinematical regions with data on p- 4 He reported 
by Saclay's SPES-1 at this conference. 

Data at three incident momenta appear to show only a modest 
dependence in s of the invariant cross section da/dt, (see figJ. 
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As one considers the region 
of -t up to 0.6 (GeV/c) 2 one finds 
the humpy behavior at the-t value 
where single and double scattering 
amplitudes are comparable. In par-
ticular, the four points at 5.08 
GeV/c (646 MeV equivalent in p- 4 He) 
are reminiscent of the existence of 
a dip in the SPES-1 data (private 
communication) at 650 MeV. 

From -t between 0.6 andNl,2, 
the data at 4.0 and 5.08 GeV/c have 
the same slope, and indeed pratical-
ly the same values. 

Just above -t=l.2, the change 
of slope in the 5.08 GeV/c data 
might be indicative of some inter-
ference between the double and tri-
ple scattering amplitudes. 

The four points at 6.9 GeV/c 
form a straight line with the same 
slope as in existing data +, which 
they extend up to -t=2.5 (GeV/c)2 
if one allows for appropriate cross-
normalization . 
C•) 

Phys. Lett. 43 B, 535 ( 1973) 
+ Phys. Rev. Letters 32, 8.39 ( 1974) 
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ALPHA - PROTON ELASTIC SCATTERING IN THE BACKWARD HEMISPHERE 
IN THE MOMENTUM RANGE FROM 3.2 TO 5.08 GEV/C 

J.Berger,J.Duflo,L.Goldzahl,J.Oostens~F.Plouin,M.Van den 
Bossche~L.Vu Hai*- CNRS et Departement Saturne Saclay,France 
G.Bizard,C.Le Brun - Laboratoire de Physique Corpusculaire 

Universite de Caen,France 
F.L.Fabbri,P.Picozza,L.Satta - Laboratori Nazionali di 

Frascati del CNEN,Italy 

Elastic Proton- 4 He interaction has been studied by means of 
an alpha particle beam produced by the Saclay synchrotron Saturne 
impinging on a liquid hydrogen target. The elastically scattered 
alphas are momentum analysed and identified in a spectrometer 
system. 

The very fact that an intact 4 He nucleus is detected consi-
derably alleviates the task of discriminating against inelastic 
reactions. 
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The cross sections are pre-
sented in the figure. Data have 
also been labeled with the pro-
ton energy corresponding to the 
alternate way of looking at the 
reaction. 

The most striking feature 
revealed by the data is the 
change of shape as the incoming 
momentum is increased. A rise 
in the backward cross section 
appears at 4.0 and becomes much 
more pronounced at 5.08 GeV/c . 

Such a behavior is in quali-
tative agreement with the one 
existing calculation at+5.16 
GeV/c (665 MeV protons) where 
a tribaryon exchange mechanism 
is assumed. It is shown as a 
dotted line in the figure. 

+B.Z.Kopeliovich and I.K.Potash 
-nikova, Sov.J.Nucl.Phys. -

13 (1971) p.592 
* Supported by the Departement 

Saturne . 
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VI.B.18 
ALPHA - PROTON INTERACTION AT 4 GEV/C 

F.L.Fabbri, P.Picozza, L.Satta - Laboratori Nazionali di 
Frascati del CNEN, Italy 
J.Berger, J.Duflo, L.Goldzahl, F.Plouin - CNRS, Departement 
Saturne Saclay, France 
J.Oostens, M.Van den Bossche, L.Vu Hai - CEA, Departement 
Saturne Saclay, France 
G.Bizard, C.Le Brun - Laboratoire de Physique Corpusculaire, 
Universite de Caen, France 

The external alpha beam of the Saclay Saturne synchro-
tron has been used to study the reaction ~He+p~~He+X where 
the ~He is detected in a magnetic spectrometer. 

too 
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the arrow indicates the kinematical 
threshhold for the coherent TT pro-
duction at each angle. 

The use of an incident al~ha beam 
rather than a stationary He target 
allows the easy detection of the in-
tact helium nucleus, as it has momen-
tum that gets closer to the incident 
one as the momentum transfer gets 
smaller. 

Spectra corresponding to missing 
masses between 1050 and 1220 MeV/c 2 

have been measured at laboratory an-
gles Q = 4.6°, 6.5° and 8.2°. An en-
hancement, 60 MeV/c 2 wide centered at 
1130 MeV/c 2 is clearly seen at all 
angles. Its peak value decreases ra-
pidly with the momentum transfer, 
( o. 13 ~t ~o. 7 5 [Ge v / cJ 2 ) • 

The missing object X is constrai-
ned to be in a pure T=l/2 isospin 
state. Such an enhancement is similar 
to the peak observed in the d+p~d+X 
reactiont where X is also constrained 
to be in a T=l/2 state excluding the/::.. 

tPhysics Letters 45 B, 535, 1973. 



SHOCK WAVES IN COLLIDING NUCLEI VI.B.19 

Philip J. Siemens and Jakob P. Bendorf 
The Niels Bohr Institute, Copenhagen, Denmark 

Michael I. Sobel and H. A. Bethe 
NORDITA, Copenhagen, Denmark 

We consider the circumstances under which matter at high densities can be pro-
duced in heavy ion collisions. We argue that laboratory energies of a few hun-
dred MeV per nucleon will be suitable: the matter velocity will exceed the 
speed of sound, while the nuclear mat~er has sufficient stopping power to gen-
erate a shock front. A measure of the stopping power is the momentum transport 
length A(p); if A(p) is comparable to or exceeds 
the nuclear radius, the nuclei will interpenetrate 
instead of compressing. The hydrodynamic conserva-
tion laws can be written in the form 

4 + 
(fm) 

~m(~O-~s)2 cv~l) 2~(~0.~ - U)2 
1 V-1 

= Es - £0 2pO V ps 
~ 1 

where £ , p , v are the internal energy per nucle-s s s on, pressure, and mean velocity~of the matter just 

3 

2 
... 

1 GeV 

lab. kinetic energy/nucl inside the shock front, p0 and v0 the internal en-
~rgy ~nd velocity of the cold, unshocked matter, 
U = Un is the shock front velocity, and v = p /p0 is ~he compression ratio. 
There is a maximum compression ratio given in ~erms ot the internal energy € 
and pressure p of cold matter at density Ps by the expression Voo = 2 Rs + 1 
where Rs = Ps<Es - €)/Cps - p) describes how the energy converted to heat 
produces a thermal pressure which resists compression. 

Table. Model predictions for the maximum compression 

degrees of freedom 

non-relativistic point particles 
non-relativistic translation + rotation 

} relativistic translation motion 
massless bosons 
Landau Fermi-liquid theory 

maximum compression Voo 

4 
6 

7 

[t ·_ ~ inm*(v)J-1 
n 2 + 1 "'n v · 

From the table, it is seen that v00 is determined by the kinematic character of 
the degrees of freedom; however, Voo is not a differential but an integral 
quantity and can become very large when phase transitions introduce new de-
grees of freedom. Under disintegration of the compressed matter, a mean asymp-
totic speed is attained f v 

< v > = 
asym Vmin 

where cs(V, S) is the speed of sound and 
stant under the decompression, as long as 
thermally equilibrized, V ~ Vmin• 

c (V' S) av• /V' S I 

the specific entropy S remains con-
the fluid is dense enough to remain 

With laboratory energies near 1 GeV/nucleon, pions will be produced in the 
shock front, but the hot matter will explode long before the pion concentra-
tion reaches equilibrium(assuming the nuclear forces are repulsive at high 
density). we expect the number of pions to be sensitive to the details of the 
structure of ~he shock front. 
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Propagation of "heat" in nuclear matter Cn. m.) 
VI.B.20 

R. Weiner and M. Westrom 
Fachnereich Physik, Univ. Marburg, R.Germany 

A theory for preequilibrium phenomena in nuclear physics 
is formulated in terms of propagation of temperature and heat 
conductivity in n.m. which is treated in the Fermi gas. approxi-
mation with binary collisions. We consider peripheral collisions 
with momentum transfers to the target q'>'/' R-i (R is the radius 
of the target).. In accordance with quantum mechanics a localiza-
tion of excitation near the surface of the target should then 
be possible. These "hot spots" define the initial condition with 
which we solve the equation of heat conduction. 

A strong asymmetry effect in the angular distribution of 
evaporation products is predieted. The energy distribution 
obtained displays the features characteristic for pre~quilibrium 
spectra. We propose new experiments by which the propagation 
of "heat" in a nucleus can be investigated. They consist 
essentially in the measurement of q in coincidence with the 
evaporation products of the target. 



0-00n 
CHARGE EXCHANGE 
• Ps  > 300 MeWc 

a. 
IL  2. ••. 

• 
• • 

VI.B.21 
ON THE HIGH-MOMENTUM TAIL OF THE SPECTATOR NUCLEON 

B.S.Aladashvili, V.V.Glagolev, R.M.Lebedev, M.S.Nioradze, 
I.S.Saitov, V.N.Streltsov 

OINR, Dubna 
B.Badelek, G.Odyniec 

Warsaw University, 00-681 Warsaw 
A.Sandacz, T.Siemiarczuk, 0.Stepaniak, 
Institute for Nuclear Research, 00-681 Warsaw 

Dubna-Warsaw Collaboration 

1) An evidence has been presented recently by R.Poster et al. 
for the occurence of Vie single-pion virtual state,IpOr> , of 
the deuteron in the K d-,K*°pp reaction. We report an analogous 
observation of the other possible virtual stat9, Ipnlr °  > and 
confirm the charge configuration seen in ref. " 

We analyze the charge exchange and charge retention reactions 
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Fig. 1 

The Chew-Low plot 

at 3.3 GeV/c deuteron momentum (10,000 events). Fig. 1 shows the 
Chew-Low plot for the events with ps> 300 MeV/c. The diagonal 
line corresponds to the position of the events resulting from 
the scattering on the nucleon to be at rest. An enhancement is 
observed at low t-values near the kinematic boundary of the 
plot. The angular distributions of the spectator nucleon in the 
two slower nucleons rest frame (for events with t(0.2 GeV2  and 
M2N > 2.1 GeV) are found to be consistent with that for the 
7 d-.NN reaction at appropriate pion energy. 

Reference 

1. R.Poster et al., Phys. Rev. Lett., 33(1974)1625 
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VI.B.22 
ON A FRAGMENTATION MECHANISM OF RELATIVISTIC HEAVY IONS 

V.K.Lukyanov, A.I.Titov 

Joint Institute for Nuclear Research, Dubna, USSR 

A model is proposed describing the experiments of Heckman 

et al / 1/ on the fragmentation of the relativistic 160 on a be-

ryllium target, where the spectra of Ac- isotopes ( A,.., 9 - 1 5" ) 

were measured. The reaction is assumed to proceed in two stages. 

At first the ion is excited by the peripheral collision with 

the target, at the second it decays statistically in flight 

with emitting of a fragment. The probability of the process 

W ,... exp ( Q s ~ i T ) ex p ( - p '2. I 2. G' 2 ) 

One can find: I. The relative yields of fragments drop ex-

ponentially with - 088 = M v- - M \-<"()) - M lAC) , where M v- is the 

mass of remaining decay products. (see Fig.) This result is in 

a deep analogy with the corresponding nonrelativistic reacti-

-10 - 20 - 30 -L.O 

ons 121. II. The widths of 

the fragments momentum 

distributionhave some de-

pendence on 'T (,.., 7MeVJ, but 

within experimental errors 

they are oocured to be one 

the same. 

1. H.H.Heckman et al. Proc. 

Fifth.Int.Conf. on HEPNS in 

Uppsala, 1974; 
~(MeVI 

2. A.G.Artukh et al. Nucl. 
Phys. !12§ (1971) 321. 
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THE STATUS OF SC2 VII.I 

B. W. Allardyce and E. G. Michaelis, CERN 

After its one-year reconstruction, the CERN 
synchrocyclotron produced full energy protons for 
the first time in October 1974. There followed a 
phase of limited beam operation during which the 
r.f. system, the ion source, and the extraction 
system were all thoroughly tested. During this 
time the first beams for physics use became avail-
able, and it was clear that the design aims of the 
improvement programme would be achieved. Operat-
ing at one r.f. pulse in 16, time-averaged beam 
currents of over 0.5 µa have been used, with ex-
traction efficiencies greater than 70% in "short 
burst" mode (pulse duration 30 µsec), and about 
50% in "long burst" mode (pulse duration 2 msec). 
In this latter mode, high duty cycle has been 
achieved, the protons emerging roughly uniformly 
throughout the 2 msec burst. 

The proton beam has been used to produce 
pions and neutrons for experiments and has been 
transported over 60m to the new Isolde facility 
with an overall transmission of about 80%. 

This phase of operation terminated with the 
start of a two-month shutdown in early April 1975 
for repanelling work on the dee before this be-
comes too radioactive. When the SC2 starts up 
again in June 1975 it is hoped gradually to in-
crease the performance towards the design aim of 
10 µa time average. 
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rHE OMICRON SPECTROMETER AT SC2 VII. 2 

Turin, Oxford, Amsterdam, Birmingham, CERN collaboration 

A spectrometer with a large solid angle and a large 
momentum acceptance is to be built at the SC2 at CERN; 
it will have an energy resolution of about 1 MeV for 
particles with momenta up to about 400 MeV/C. Work has 
started on the project, which should be operating by the 
autumn of 1976. 

The spectrometer consists of a large magnet with a 
usable field volume of lm x 2m x 0.8Sm. The magnetic 
field is homogeneous to within about 10\ over this vol-
ume, in which it is intended to place planes of multi-
wire chambers in front of a target, followed by arrays 
of multiwire and drift chambers and thin scintillators. 
Various geometries are possible, but the intention is to 
detect inside the magnet both the incident particle and 
the onees) leaving the target over a large angular range. 
The information from the various detectors will be 
handled on-line by an HP computer system, which also 
performs some preliminary analysis. Further analysis 
will be done on a large computer, making use of well-
established pattern recognition techniques. 

The experiments of interest to such a spectrometer 
cover a wide range, and the initial programme will in-
clude backward scattering of pions on light nuclei; 
backward scattering of muons o·n helium; decay of no to 
a single lepton pair; radiative capture of rr- in flight 
by nuclei, followed by conversion of the y; electron-
positron pairs by internal conversion following absorp-
tion of stopped rr- on light nuclei; double charge ex-
change err+, rr-) on nuclei; pion production experiments 
e.g. rr-p+rr+rr-n; nucleon knockout reactions e.g. en±, 
n:tp). 



VII.3 
STATUS OF THE SIN HIGH RESOLUTION PION SPECTROMETER (SUSI) 

1 ) J.P. Egger et al 
Physics Institute, University of Neuch!tel, Switzerland 

W8 revie~· briefly the status of th2 SIN pion spectrometer. It 
is a "Saclay-type" QDD system with vertical layout and has the 
following specifications: 
Nominal momentum: 
Momentum resolution: 
Momentum acceptance: 
Solid angle: 
Incident momentum range for pions: 
Range of scattering angles: 

550 MeV/c for 14 KGauss 
Ap/p ~ 5 * 10-' 
± 18 % 
16 msr 
up to 450 MeV/c 
o0 - 1400 (normal mode) 
140° - 180° (with additional 

magnet) 

Both mag~ets, quadrupole, frame, vacuum boxes and various 
equipment have arrived. The magnets were assembled and measured. 
The design curvatures and EFB's were oLtoined by adjusting the 
length and shape of the fieldclamp noses according to the field 
measurements. ~aytracing is under way with analytical and measured 
fields as input. a-tests and tune-up with pions of the spectro-
meter will start in a few weeks. The first experiments include 
elastic and inelastic pion scattering off light nuclei. Subsequent 
experiments will include quasielastic scattering and double charge 
exchange. 

~ ' > 

1 } Fig. 1 SIN high resolution pion spectromster 
FTH-Granoble-Hsidelbe~g-Karl3rLihs-Neuch§tel-SIN collaboraticn. 
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DOUBLE ARM SPECTROMETER SYSTEM 
FOR MEASURING ELECTRON-DEUTERON ELASTIC SCATTERING*t 

F. Martin 
Stanford Linear Accelerator Center 

Stanford, California 94305 

ABSTRACT 

VII.4 

The use of two high-precision, high-momentum spectrometers to measure 
elastic electron-deuteron scattering is unique in the annals of high-energy 
experimental physics. The existance of this equipment at SLAC has made pos-
sible the measurement of the deuteron charge form factor to a q2 of 
6.0(GeV/c) 2 (: 154.6 f- 2 ). The SLAC facility consists of three spectrometers 
which rotate about a common pivot point and they are capable of analyzing 
scattered particles from a few hundred MeV/c to 20,000 MeV/c; an electron ac-
celerator with a momentum range from 900 MeV/c to 20,000 MeV/c and beam cur-
rents in excess of 50 mA and a computerized counting house and control system 
for the equipment. This paper will describe the technique of using these 
spectrometers in coincidence to achieve a reduction of the background by a 

* 

EVENTS/coulomb 
105 IN 20 GeV 

SPECTROMETER 

8e=8°, q2=2 (GeV/c)2 

Pe= 9.618 GeV/c 

0 

0 
0 0 

0 
0 

Cut On .... 
Deuteron Trigger'\.. ; • • • 

t • ... • 
t++ttt++++ + + t + 

0 

10° '--~~-'-----~---'--'--~~-'-~~----'-~~~ 
-3 -2 -I 0 

.6.pe (%) 
Pe 

2 

factor in excess of 1000 under 
the elastic electron-deuteron 
scattering peak. Shown in the 
Figure is a typical example of 
the elastic events when the 
electron and deuteron are iden-
tified in coincidence. The up-
per data plots are the electron 
single arm scattering data show-
ing the tail of the 4uasi-elas-
tic scattering. 

Work supported by the National Science Foundation and the U.S. Energy 
Research and Development Administration. 

tcollaborators: R. G. Arnold, B. T. Chertok, E. B. Dally, A. Grigorian, C. L. 
Jordan, F. Martin, B. A. Mecking, W. P. Schiltz and R. Zdarko 



A Hi~h Stopping Density µ+ Beam* 
VII.5 

A. E. Pifer, T. Bowen, and K. R. Kendallt 

Department of Physics, University of Arizona, Tucson, Arizona 85721 

A new type ofµ+ beam which utilizes muons with momentum less 

than 30 MeV/c which result from TI+ decays at rest in the TI+ produc-

tion target will be described, Muons of the desired momentum are 

transported in vacuum by a double-focusing achromatic beam transport 

system having a momentum bit ~P/P = 6%. Muons are identified by a 

three-fold coincidence of 0.127 mm thick plastic scintillator 

counters, one located at the intermediate focus and two near the 

final focus. The advantages of utilizing these low energy muons are 

100% muon polarization, a small source which can be focused to a 

well-defined image with high density of stopping muons in a thin 

target, and a well defined stopping depth distribution making an 

anticoincidence counter unnecessary. 

*Work supported by the National Science Foundation. 

tPresent address: University of Victoria, Victoria, British Columbia. 
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VII.6 

COINCIDENCE EXPERIMENTS AT INTERMEDIATE ENERGIES 

J. E. Spencer and H. A. Thiessen 
Los Alamos Scientific Laboratory, Los Alamos, N. M. 87544 

ABSTRACT 

This report considers the physics of coincidence experiments with 
proton and pion beams at LAMPP energies as well as which of the various 
possible measurement techniques are most relevant. 

Our main conclusions concerning the physics of these reactions are: 
(1) The most probable final state multiplicity in a pion or proton reaction 

above 100 MeV is the three-body channels. 
(2) The most probable reaction type in these particular channels is quasi-

elastic scattering of type (rr,rr'N) and (p,p'N). 
(3) At energies corresponding to the basic (3,3) pion-nucleon resonance, 

the pion-nucleus reaction cross-section is dominated by the (rr,rr'N) 
reaction. 

(4) It is possible and worthwhile to measure two, three and some four-
body inclusive and exclusive reactions in a comparatively simple way 
with good resolution. 

Our main conclusions concerning the best means to carry out these 
kinds of experiments are: 
(1) Higher count rates and resolving powers are possible in a proton 

initiated three-body reaction with a double-arm spectrometer arrange-
ment operating completely in an energy loss mode. 

(2) A two-arm spectrometer arrangement utilizing comparable spectrometers 
provides significant advantages for accurate two-body reaction studies. 

(3) A hybrid system consisting of two spectrometers and one or more solid-
state counter systems are most effective from the standpoint of costs 
and information content from four-body final states as well as 
versatility for two- and three-body final states. 

(4) Significantly better detection systems are needed (and possible) 
to reduce the costs of these kinds of experiments. 

(5) Significantly better data acquisition systems based on more general 
and flexible data base structures are needed to obtain even a fraction 
of the information available in these experiments. 



NUCLEAR SCATTERING APPLIED TO RADIOSCOPY 

J. Saudinos 
DPHN/ME, CEN Saclay, France 

and 

G. Charpak, F. Sauli, D. Townsend and J. Vinciarelli 
CERN, Geneva, Switzerland 

VII.7 

We investigate the possibility of using the nuclear scattering of 500-
1000 MeV protons to do radioscopy. Because the scattering angle is impor-
tant, one measures the position of the interaction point and one obtains 
directly with only one exposure, a three-dimensionaJ reconstruction of an 
object. 

Elementary volumes of about lmm3 should be resolved duP. to the low 
multiple scattering effects in this incident energy range. Preliminary 
measurements with an incomplete set up gives a resolution of 10 nnn3. 

We do not measure the energy of the particles and all quasi-elastic 
and inelastic processes are involved. In that way, the integrated cross-
sections are important and the radiation doses used are compatible with 
human tolerances. 

Because of the nuclear nature of the basis interaction, the information 
given by Nuclear Scattering Radioscopy is different from the one given by 
X-ray or particle range methods. It is much more dependent on hydrogen and 
light atoms concentrations. Furthermore by detecting the recoil proton, it 
is possible to measure the relative ratio of hydrogen concentration and carbou 
and oxygen ~oncentration. Preliminary results on carbon, CH2 and eggs tar-
gets agree very well with these ideas. The last experimental results will 
be given. 
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TIMING WITH PLASTIC SCIBTILLATOR DETECTORS VII.8 

c. Cernigoi, N. Grion, G. Pauli and M. Russi 

Istituto di Fisica, Universita di Trieste, Italia 

Istituto Nazionale di Fisica Nucleare, Sezione di Trieste, Italia 

Timing with plastic scintillator detectors is a problem of increasing 

importance in the field of experimental nuclear physics at medium energies. 

Results obtained with thin detectors of large areas are presented. 
2 For a·plastic scintillator 2 mm thick and having an area of 800x200 mm 

' the intrinsic time resolution has been investigated as a function of the 

energy dissipated within the plastic itself. A time resolution of the order 

of 0.7 nsec has been reached with an energy release of 1 MeV. For a plastic 
2 

scintilla~or 10 mm thick and of 100x100 mm area an intrinsic time resolution 

of the order of 0.35 nsec has been obtained for electrons at minimum ioniza-

tion. With the last scin~illator, time-of-flight spectra taken in negative 

pion beams of about 200 MeV/c have shown the possibility of determining 

the momentum spread of pions and muons using a path-length of 4.5 meters. 
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VIII .1 

YIELDS OF 25 GeV/c K- -MESONS• ANTIPROTONS AND ANTIDBUTERONS 
FROM THE INTERACTIONS OF 70 GeV PROTONS WITH NUCLEI 

B.Yu.Baldin, G.Chemnitz, Ya.V.Grishkevich, B.A.Khomenko, 
N.N.Khovansky, Z.V.~rumshtein, V.G.Lapshin, R.Leiste, 
Yu.P.Merekov, V.Z.Petruldlin, D.Pose, A.I.Ronzhin, V.I.Ryka1in, 

I.F.Samenkova, J.Schttler, G.A.She1kov, V.I.So1ianik, 
V.M.Suvorov, M.Szawlowsky, L.S.Vertogradov, N.K.Vishnevsky 

Joint Institute fer Nuclear Research,Dubna,USSR 

Abstract 
The yields of kaons, antiprotons and antideuterons from 

beryllium, alumini.wn, copper and tungsten relative to those 
of pions have been measured at the Serpukhov proton synchrot-

ron. The experiment has been perf ol"llled by using the 2 5 GeV / c 
beam of negatively charged particles produced by 70 GeV p1•-

tons at the internal target at angles of O and 10 mrad. 
The relative yields RK- - a :a cla s IC, p. a lcl2 cl e. ( 2 5GeV I c) 

)p I (,[k(;j~-10l~clp 
depend weakly u~on the atomic number of th target and are 

-2 -3 -7 RK- ,...., Jx10 • R p ,,,..._ ~xlO and •a """'-- ( S-7 )xlO in the 
investigated range of masses of nuclei. 



VIII.2 

~HE MOMEJRUll CllA.RAC'?ERISTICS OF SECONDARY PARTICIES FROM 

THE Ilf?ERA.oTIONS 01' 50 GeV /c 1t -:.MESON wrm NUCIEI, 

IRRADIA~ UNDER A STROlfG MAG.IETIC FIELD 

Alma-Ata- Dubna - Erevan - LeniDgrad - Moscow - Tashkent 
Collaborationl 

A. A. El-Naghy, R. lhosh1D11kbamedov, J. Saloaov. K. D. 'J:olstov, 

G.S.Shabratova, 
s.A.Azillov, R.A.Bondarenko, K.G.Gulyaaov, V.I.Petrov, 
T.P.Trofiaova, L.P.Tchernova, G.K.Tchernov. 

ABSTRACT 

The iDTeatigationa ot momentum and angular characteristics 
ot secondary particles from the interaction• of 50 GeV /c 1f - -
aeson with nuclei, .irradiated under a strong magnetic field, were 
carried out. The expe:riaent and 1rradiation conditions were car-
ried out with the help of the set-up "llaaouth" in the SerpukhoY 

accelerator. The ab1;ained indusive distribu'tions were given as a 
tuDction of the DUJaber of hea'Yily ionizing particles. 

This shows that, 1D pion-nucleus collisions, the effect of 
"leading particle" was noticed, but the full "Passive" ••SWllPtion 
ot prilaary pion after interacting with internal nucleon waa 
found to be iD contrast with the experimental results. The an1'81 
tranft'erse m.om.entua, and fractional energy for different t,'pes 
ot pn4uced p~iclea were toun4 to be weakly dependent on nuc-
leus 41aens1ona. 
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VII I. 3 

OH THE TOTAL BINDI?lG ENERGY OF SPHERICAL NUCLEI 
P.A. Gareev 

Joint Insti tuto 1~or Muclear Research, Dubna, USSR 
G.M.Vagradov 

Institute of Nuclear Research of the Academy or Sciences o~ 
the USSR, Moscow 

~o determine the g-round state binding ener&1 o~ nuclei 
the use is made o:f the many-body :t"ield theory which allOlfls one 
to establish g"Emeral. relations between various observables and 
then, ai'ter some simpl.liications, to pass over to phenomenolo-
BY• As a result. the i'oll.ming formula 

.11'-i"-.::: 2 f a'i. ( .!- f k M,,,, ft)) !;ft) 
"'-~.£~ f~-~('~JJ" +I r:.~tl!J ' (1) 

has been found £or the total binding energy of a nuclei• where 
llL )A,.., ft) is the real part o-:t maes operator matrix eleoen-li and 
r; fl) is the imaginary part, 1.e • ., the "hole" level width Para-
meters of the mass operator are del:'ined on the basis o::r w.1 
optical potential and the l -dependence o:f the real and :!.ma{;i-
nary parts of M is obtained1) by comparing the ca1culated 
energy spectra F.. f L J of "hole" exci tationa and their widths 
r.. ft) With experimental data on the reactions oi' quasi -elastic 

!mocking out of nucleons2> • In undell'atanding the mecban18t'l 
of the latter much p:rog2'8es baa been achieved in the past ye-
ara.3 >. 1'he total binding energies o:r nuclei 016, ca4°. and 
w158 calculated by :toimula (1) agree with experiment •ithin 
10%. If one ex.panda (1) in powers 0£ A then :for the total 
energy an expression is obtained analogous to the Weizsacker 
relation that once •68in gives ev1dence in favour of the pzro-
poeed approach. 

1. F.A.Garaev, G.11.Vagradov• JDJB-pl.'Wpr.i.nt .P4-6597, Dubna,l.975• 
2. G .. Jacob,fil.A.J.Marl.a.Rev.llod.Phya., 45 (1973) 6. 
3. V. V .Gorchakov, G.M. Vagradov • X:ratlde Soobehchem,ya po Fisike, 

v.6 (1970) 26. v.a (1970) 661 
D.LLGnea and R.ldppe1'heide,Nucl..~a • .AJ.50 (1970) 4491 
D.S.Xo1tllll,!hya.Rev, 22, (1974) 484. 



VIII. 4 

DBCAY CHARACTERleftCS OP 1.'ff& S'T'A'l't6 .qp GI ANT 
lllPOI& ltltSOHANC& ON IS02'0PES 58NI -- -.. 

S.S. ........... LlV' .. ~. V.G. ~ O.P~ 
V.V. Y....._ov 

tp ...... Nucle• l?tfl'._Moec:GW stela U..,.._ 
Me•o- UT~ USSR. 

The ••mle-.duetoe rt..UiOdli .,. ~ to m...-. the phate 
,_,._ •pedaa at tMN"erel £~~ ,_.SS,. ~ 60Nl(!MINI -S&.0. 

t9.C\ a.o. a.o. aa.o. 2...._ n.o. antt n.o Me¥\ 60• • aT.a. a.-.s. 
a&.e. M.0. -.o, ...... 3&0 MeV) .mt ._ ,,._,, _ _, ......,..,.. U. 
.., ............ .....,. ., 58ta and eo,. 1eve1::;, The .., ........ 

........ ., ..... ••• ••11•ttdllte ..... cllleay or e. -.111 locdad a..., RMI•• ..,.... ol ••a•a11 .. .....,.._ ....... .,_. ............ 
'rtw j9ll'll ....,_. .,, ._ apa:ab• mid ttae phll1p1 Blan c•••• 
............. per Meet Ml•• .. ca ..... lo b9 ld•tOSedt A con-
.. cl111ble .-..... el the 60Nt nuc-.. ...... dltcay apeella haa 

bellft fotdlcl ia the ..... ,, ,.._ £'l" .... MeV .. CSOMpared to the 
~ ........ ~ mm ..... .a E~ • S?.5 • 1.e.a l\1eV "E'°( 59eo) 
,... LO MeV1 E ~ • 1.9..5-aa.O :v1.v •IV .-.o M••• £ ~ • aa.o.as.o 1\ ev 
-."'LO J\1eV. "l'be ..... elf........,. .... .,...._ In U. Wal photo-

................ ..._.. .... Ina•••- abftaf,l8y In ttw •MN"IW 

..... ~,..ao.o M9V. SltttllR ........ haa been fOwMI out fer ht 
58NJ la 1llape .a w..... ,.., sa and "" a• MeV. a ..... been ..... 
.......... ttlllll In .... ., ...,.. a1 68Na anct ao,_ ~ a.v.i 

-*n ~ ..... ......., g ( C:O) .... .,... lo 1M a-3 MeY In --=•-
ol E ~(-9C.). a._. bMn .,_.n thlll the- ........ may be due 

lo the eh9ll .._.. du ... ._ decay Of ....... ' tt .... Of 58NI 
and eoN.l -...w wo1lvt1d w8h e:alt1tln ClOl"Ma.- al theee 

........ TM cMa....-. In E~'l?Co) aftd E• (59Co) la ............ d 

.............. Of .. .., ...... .._ ., '!'..,. ...... ln .. 

dlpale -.- ...._ Jn cw ar 88Nt(/'v o.a .......,. to2 ) than 
eo in._ el M (,..., 0.341). 

L a.&. ~. el al. sov. Nucl.Php..IJ.(1.970)'85 
a.. a. ~ s. FctlR•••• c.... .J. Pbya...tl{196?)3US. 
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VIII. 6 

EPFECTIVE HAl\.'iJL'rONJAH' AND ANGULAR 
CORRELATION: IN RAl.tA'l'IVE l-"ION CAPTURE 

G. Ya. l<.otenm4ft end v.P. F>opov 
............ af Nuclear Ph)'lllcat MOllCOW SW. 1Jnlvenlly 

1v;09COW 11.?U,.. us~:a 

We have mv..tAaa&ec:t the lnauence Of the elfeetlve 
llamlllonten cl the radiative pion eapture on the followln& ~ 
......_, (I) Ow fUnctlm'l Of angular CGll•hllon b.tween the prim_.,. 

end 84ICGftdary ( nuc:.1eer) (/ ....... ~¥( e) • 1. + Aa~ 2 ( coe 0 )+ .. J 
(II) .......... dWftbullen w(•)• 1 • u 2 ir20P 2(coe e) and....,. 
PoiUl•llllon n (8)• C3'1'30ean2e/W(8) o1 ... Pltmmy )' ..........,.n 
........,.. en ~ of the wbaal ~ of the plan beiGl'e 
CApluf'• ( ............ lo 0Mt ..um.te.1 Iha aUgnrB9111 of tht pion 

p ..... T 20 may be -..a • 0.5 ). some ...... at our calculeUone 

,_. aw pa.. ~ trom ~ an 12c to the bound •••• ot 
&an -. given below. Our va&uea ic;r the ellGcUve •1e1-n&.aonian 
cOfllltallla ( ~ .. 8 end IV) are tak4'ft from tabla a. Nl.2• 

Nu:el•• mall'&x ....,...._ w ... calculaled an ttae a.......ueect a;.am-
3 

model • 

Aa 
l3 a 

Ca 

'l'ren:••on 

o• ~ 1• __,. f' 

o•-+1• 
o•~1· 

0¥-..l't 
o•~r 

•L 0. y... i<011191'1maftt 

I • IVV 

• 0.05 0.18 0.19 

-o.s.a -0.01 -s.o 
-0.41 -0.14 -0.12 

1 :a .. .0.50 .o.CSi'. 
0.30 0.43 0.'4 

Yadema)ra Fltdk'8.No."6( 19?5) 
a. G.Ya. k...aman and R.A. El'Gf'l1zh)"&l'I. Proc. of 8th Winter 

School LIY&F, pUt U. p.402 • Len&naref.\ 1973. 
3. H. UbeNll et al. Phy&.Rev&.f.. 1911, 1972. 
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'l'O 'l'Hlt "l'HltOR'Y OF 9'JASISLASTIC J<NOCK-OU'I' OF 
NUCLBAll cw~··.'l'ERF 

v. v. nalaahov and Y.N. Mlle9\r 
ln9tltute Of Nualeal' Ph)'alc.. Moacaw &We U11lvenfty. 

Mo.cow ll '7U4a UFSR • 

VIII. 7 

A new approach /1.2/ to the coneldendlon Of U. ••l....Uc 
knoa......a o1 cornplea ,,_.... •• from nuclei baaed on the mlcr9-

acople deaaiptlen el • .........._ Of tnelctef11 particle• wma nucW 
tnctuc.. Oll9 to NVitle Uw conventional ldttaa aMlul the relatlon-
•hlp b.tween theee proc..... end the ...... of nucleon ca11eter-
1na In nucleL 'T'M conceJIMon of the .. •ell+• ,..mbera Of rucleon 
• .._. In nuclel - .............. e~ca of nuclei la ,,... 
•ufllalent for the dettCl'lpllen Of the- Nacttona. In tMae ........ 
en lmpottant end .a.n d8mlnarll pa.rt la played b7 the mechanlarna 
al ~wm.Uen In the very PfOCea• aC lnle..celon between an 
lnclclenl pal4lcle and a ruclaon 8f'OUP ln nuc&eA. ln whltsh cr.uanNm 
numbel'a el ,.....,... tnaUon of thl• 8"NP ... ....,... 'l'he c...,. 
btbullon of theae mec..,...ma d4tpenda on bcllh atruetuNl p•et.aw· 
...,.. .. el nuclef and ldncl Of tnehtenl puUctlet1t thell' elWl'flYt 
~en .,.._. el ee .. •Nd end knockeca-ou& .,.,ucae. A ape. 

dflc cohe..,. ( ........UV.) effect Clf au.te..,Ol'INllon ln the 

reaeuw ( f •pct)• ( p,p ol ) etc.. - a reaull of eubtMCIWfl'll com-
.aw el an lneldellt hacllrOn with all ,.....oua Of thtt ••.,..•Poftd-.,. .,_.p la lt~ ........... 

'The paper...,. ............ aC ce.le• .... on• for the ...... 
UOna al ...ae1a.uc knoclll out of cetnplex putlde• by .a..ctw--. 
P"ll•na and !Jr ...... .,.. c. a number Of nuclel. 

S. v. v. Balaehov and V.N. ~. .AJl-.Unlon Conl. tlJf\tClear 
aaetlona al Mah En•fll,l-•, Ab......_ of c.,...b1.IM.,.. p.20. 
1!'htll.a. 1na. 

I.. V.Y • ........_, .- V.N. Mlleft't ......_...., .. (te be ~). 



-T'Wo..&ffP MECHAMISM OP 'l'HB NUCl&AR 
EX.Cl'rA'ftON IN COHrtRENT PAR"ftCLS PRODUC'l'ION 

Y.Y. Ba'nr'-"'. v.i.. K•IKU&h .... Y..N. Mllee¥ 
........ ol ....... AIJ ..... MWOW StlH unn...nlty 

!·11eeoew S.J.?S:U. USSR 

VIII. 8 

.. __.s. .............. ., ................ a.v.a -·-In 
colWI•• p ... D ............. (•• Ji. ~3Jr ) .............. TM 
........... .. ...... ,,_ .. ... ...... llll'vwlll Jn ... ... ••••• - ( .:r ):r' ) 
.- (.lJ3X)..,.. ..._to ...... • tn lnela.-. ••IA•l'lnll the 
dUlln .... W ... p ........._ Cflf ................... la ecea npMllled 

by ...................... Ind ................. ,, ........ in ..... 

.... ...... - .... ....,_.... la acidic& in ........... ............ 
The ctmral11d•• I•._• el ... two ........ ......_ la ttllll no 
_. •• .-.,._NI l1ua ..... ....._ th9 .:a ol pllltlal1 ,,...._.. 
...., the ........... ta -aDed ..... .,.,_.. w .._ Ille .cl el coherent 

,...... .... _ - ....... n.lullc .......................... ...... 
cluGed ....................... ~ ......... ~ 

......... to aar••• ..... ally ......... ., ............ ltal•••n 

._ ....,.... ~ .._. ..... tn the ........ s.2c( .r ,x' ) 
12c (a• .o) ...s &ac( Jr, 3Jt' ( 12c( 2•.o). 'l'ht ,.. ••• ,. pap• an. 
•••a••P•-our~ al N•Dllona (.Jr, I' ) and (J) 3,£ ) 
for a ....................... Uc to aoa.Pb. '!'M Nlatlon bolitw-.n 
w . .- two ••P .. ...._.._ la atu .. d ........... an U. tawle 
tlon muWpala •t• ...... .,. •••· el produced • .,....m and -.mAc 
....... Gf l'IUClwll. ~ c:lllla Oft the ( Jl J J[ I 0 ) and 

( J{' 3Jtj' ) ..................... olllallWd ................ 

...... r CGl'lll'lllon ......... In the,. ...... 

< <fl. , 3.Ji r > .... ...... ... . 
v. V. "alaahav'• Y.L. 
t!B (1976)130 

metrb: and 

) erad 
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VIII. 9 

PROPAGA'ftON OP UNS"l'A.81.E HADROMC SY&T&M 
'ftlROVGH NUCJ&AR MA'ftBR IH COH&RCN'r PRODUCTION 

PROCES&&S 
v.a.. K•••dlch 

........... Mllcl•• ,...,.... .. M••eaw st1I• Ufth••-
M•as-.USSR. 

PN11 .... an el ..-pound ,_..,. (Dna, .... s.a) u .. •h 
nur..._ le••••• tl9pM.,.. en e. n•tu:•• al 1n1 • .-.. taaew .... 
ha•1n aa111 ....... E __ ,.. a. ............. wlWft e. ...... al two 
p.,.el•• ,_ ...... - hlalb- _.. ...,.... a.,- a _. el ••• ODI' • ..,. •m ...... 'ftte .._. ef a...- 4111 • • m'wt••tt appa ... ... .. .., ...... I)., .... ..., .... (• ...... , Ill .... .... 
- ........................... ..,, ................... 2. 
'l'lw ..actdllall tawnmau •t••• .. ch•• .. ._.,. ... , 1•a1 .. on 
by ._ 0••••1- clep111ll1naa wNeb ...,. Ith ., laean U94ld by 

........... S4lt .......... ·-· .......... - ......... - In 

._ V.. Maia •ad1t1~ ..... b1lllillla ..... we Wt llaa• ..._. la ._ --··-· ........... ---··--............ ., 
halll9lp19"1111d. 

PwP ..... "iJ"D•11• el "too ( "l.o ~ R. R 1Pt .. • Sii• ..... '?:o 
la ..... Ill ......... lf) D .,.. •• i. I _..,. ala• ...... lft 

•1111 ca Ill...._ - ... ..._a -••• .ta. flf tt.e -p•ude ••Ire Oii ....... .,.,. ....... "o ( 'L'o<< a) .... p11Jllll 
.......... ,,,,.., ........... ,.... ......... 11 .............. ... 
,.~ ...... 11,1-. ................. , .................. . ......... .. .... ............ .. ... , ................ .. 
1. .. ,,.. .................... )ff. 
a. k. G ta ta ... Asta ~P1l1fila> .UCHTa)T-. 
a. G. B1D1 ... PN11 ..... 11..a ............... - MSC fMll Ina 

....... 4&'1k: ... ..., .. 
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VIII .11 

moiw•• ~- D.aetioal U4 -edllaUl ~dea • 

...... im. 
B.J1. ~. I.A. DukbOV'sko'.J'• v.s. J'edoreta, a.P. ltrtl'llenko'Ya, 
V • Y. K'Gllkn • I.A. lladkevlO. V. V. llshkurno 

" SWiq ~ the reaOUOllJC.,.d..,p+:»-+ n. wl"11 J.azige llOJllCli:ua 
~-in 1M14es -•intend f.lia 1,25 to 2,6'f Gn/o.• 

~. 

DitteMD.illal ones aeotlon ( DOS ) te ime reania 
~-+d-. P+.:n--tvt at•·••• -1• ~ 180 1D -- iata-

w.l h9a I,25 ito 2,611- Gn/o ia ........i. De mea8UN4 TBl••• 
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G.D.Alk.hazov, s.L.Beloatot.ok;y, o.A.DomotJenkoV', 
Yu.V.Dotaentto. Jl-.P,~ A~ •. A.SObuV8'Y1 

a-1 A.A. VOftbNOV 

fte 41tte..U.a1 U088 eactlom Gt 1 Ge'f ~ elasU.9 
actd;t;er.blg 113 11B.12.1Jc. alsi.,J.2•-""s,-"1:. aal ., 1sof;opes 
have beea •MU84. U8lag Gl...,,_ mJ:t;~ ~ 8Dd 

MS ft.tfdag pnotdme• *118. aaalveia t4 1the dlSa paod.c1e4 'tlbe 
p ....... ot ......... ~ ~ - atal-
1'UaeOS.ona. a. ~ cU.aUUma1- 1-iag •alrea ~ -.. eleot;-
ecm aoattuJag data, t11e tiabi'btlt;1- d tib8 ~ ill -. 
iaotopla have b••• a.wnt-4. n.g.1 ·0Glllpl1letl tme BUS ndU ~ 
t;a. • , ... - ... 4i~ ... Fig.2 ·-.. ;p90tloa 
aa4 ...._ ea:.cruve ~ .? Ci> whielt Ulat iat;o 
acoOIJIJ& i;1'.Jll .tialte &bes ~ -. ~ -. 4:.lUea_,. betllmw:a 
aeut;na ~ 1a 40ca ..i 48ca 1Mt;opte 'beiag 811P••I•••• 
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VIII.14 

llEAS OF 12<: '7t ~, :n. ff) 11c CRCE..<>-sEC'.rIOE 
Ilf BE lmGIOlf OJ' (.;/2 }/2) llliSONANCE 

L.ll.Batiat, V .D. VJ. .... V .P.Jtoptev,M.ll.Makaov • 
A..A •. Naben ~haoV, v .v •*11'Ubin. G.z ... Obrant, v. v .r>arantaev • 

and G.V.SOberbakoY 

~v· Partj.cJ,e 6, 
0-/6+ mb 

100 :n.- 41.6 ; 3.7 1.20 ! 0.08 Jl.+ 34.6 - 2.6 
130 n- 60.2 ± 5.0 1.40 .t O.OG Jl+ 42.9 ! 3.1 
150 :n- 65.S :! 4.? 1-.4? t o.os JL+ 44.6 ! ~ 
180 jl.- ?1.0 .t s.o 1_,.57 !. o.o:; n• 45.3 ! 3.0 
210 :n- 74.5 ! 5.5 1. 74 :t o.os :n.• "2.S ! 3.2 
245 :fl.- 66.S ! 4.7 1.71 ! 0.06 :n• }'/.6 ! 2.'l 
295 x- 52.1 ! jc.6 1.10 ! o.Ofl n• 30.7 ! 2.1 
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NOTE ON THE OPTICAL POTI!M'IAL FOR PIOB-WCLEUS 
SCATTERING IN ( ) 1 ) ) RESONANCE RBGIOB. 

A.v.stepaaoY. 

VIII.15 

Th• exprees1on tor the optteal potential 1e 4e-
rived ~Or the d•aiption O'I piOD411'1UCleue 1ntoaotion 
1n (3,3) reeonan.ee region. Thia potential la giY• in 

terms of pion-nueleon croaa aMtion and 4Jnamlcal nu• 
lear form taetor. 



VIII.16 

THE DVESTIG.M!IOB OJ' MAGBHfIC ll>lllm!S o:r '9x A1fl) ~1 llUCLEI 

IB n:LA.STIC ~ SCATTERIBG 

v .P.LikbacheY, lf.G.Ataaa'ew, A.AJl•a•b.kalo, G.A.SaY1talt1~ 

8lld Y • .11.KhvaatunoY 

A Taluable ~ormatioa on nuclear aagn.etic aoaeat;a can 
be obtaiaed :troa data oa magaetic scattering ta the liaited 

regioa o:t q or na :tr ... A aneral. q Yal.ues ~,2].Ia this paper 

we in'Yeatigatecl tlle aapet1c elaatic elect;ra. scat;teriag :troa 

39x a11d 4~1 auclei in t;Ae regioa o:t ti.le seooad dittractiOJl 

miDinnm of the aoaopol.e elastic oroaa-aecticm.Tae apeim.ata 

were per.torsed at iaold•t eleotzoa energies up to 300 llev 

with the XbaJ.-Jrov :LU-300 eleotzioa l.iaao .!?he a;periaent;al ia-

stal.iatioa waa clescn'bed. ia ~.[}].Three spect.ra were aeaau-
red :tor each Yalu of th8 aoaeat'aa traaafer at di:ttereat iaoi-

d•t 81lugies aad acatterbg ugl.ea.u.Jdng a plot; of the total 

to.m:tac1»r agaiaat; 1zt.t;,gl ~we cotal.d aeparat;e electric aacl aag-

a.etio contribu.tioaa.The ol>i;aiaed Bllglleiiio :tol3daotan were 

cOllpared with aiagle particl.e aocle1 oaloul.atioaa.The following 

aap.et1o -.-t Talw ••• e'.bt;aila.ecla 

ie<'~>=Co.4910.05) -r-t:2 ' 11?(~1.)•.(?'tOt.1~) -·./> 

1.a.c.Lt.. I.Siok, J .D.Waleclra ad G.E.Walker. Plqa.l.e"· 
'211.'11.1910 I 

2 .L..Lapiku,A.B.L.llieper.lak ad &.Bue Ba.cl .Plqa.J.20,,609., 197,; 
3 .-.G • .At-• w et al.,'lad..:ria.5.-'18• 196? • 
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VIII .17 

PRO'l<.11 Im:EGY DEP~DmCB OF 'fHE Ce.e'p) REAC~IOB 
CROSS Sll:Tltm FOR 2u.4iie AifD 6x.i JIUCLEI 

Yu.P.Antouf'iev9 V.L • .A.granovich.s.v.Dement1t. 
V.S.Kuzmenko.Y.I.Ogurtsov and P.V.SOrokin 
(The Kharkov ~sical ~echnical Institute,lharkov.USSR) 

A dependence of (e,e•p) reaction czoss sections on the 

knocked out proton energy TP was investigated to determine 
the role of the :t1nal state interaction (:FSI}.file experiments 
were per:tozmed at the lharkov electron l!nac at incident 
electron energies of 800 and 1200 JleV for ~p= ,5.45,56,75,82, 
106,12.5 and 155 lleY.1'he apparatus was as that 1n the work [1]. 
The momentum of a recoil nucleus A-1 was chosen to be i>r.50Jle'V. 

The results of the exi>eriaents have shown that ratios of the 
measured cross sections to those oalculated 1n the PWli 

increase at ~P < 80MeY,being almost constant at~'> 80lleY. 

Ou.-r data :tor 2H agree with those 1n the 2a(p,2p)n reac-
tion [2] and the FSI calculations.~ ratio dependences on ~ 
:tor lf:ae and 6.r.i are qua1itatlve~ the same. 

Re:terences 
1. Yu.P.Antou:tiev et al.Pis'ma v ZJ:mrn.El:p.1 ~r.Piz., 

.iQ,501(1973). 
2. R.D.Baraz and T.K.Lim.~s.aev.Lett • ..ll,1263(1973). 



VIII .18 

TOTAL HADRONIC PHOTOABSORPl'ION CROSS-SECTIONS OY NUCLEI 
FOR PHO'.rONS WITH ENERGIES 150-500 .MeV 

V.G.Vlasenko, V.A.Goldstein, A.V.Mitrofanova, V.I.Noga, 
Yu.N.Ranyuk, V.I.Startsev, P.V.Sorokin, Yu.N.Telegin • 

The Kharkov Physical Technical Institute, Kharkov, U.S.S.R. 

Total had.ronic photoabsorption oross-sections to the 
present time are measured only for photons in th.a energy 
ranges up to 150 MeV and over 1.5 Gev. We have measured the 
total cross-sections of a number of nuclei (C,Al,Ni,Mo,W) 
for photons with energies E. = 150-~00 MeV. The measure -
ments have been made for the virtual photons by means of 
the inelastic electron scattering method for the small 4-mo-
mentum transfers (q2= 0.04 - 0.1 ( ~ )2• The scattering 
angle was 14°, the initial electronc energy E=O.B-1.4 Gev. 
The elastic and quasielastic radiation tails were subtrac -
ted from the inelastic scattering spectrum, the cross-sec -
tions in the photon points were determined by the extrapo -
lation procedure. The statistical accuracy of the cross-sec-
tions is 10%; the cross-sections have resonant shape. The7 
are by ;0-50% higher than the sum of the free nucleon pho -
toproton total cross-sections, that may be e:xplainP.d by the 
r"luster contribution. 

*U.S. GOVERNMENT PRINTING OFFICE: 1975-677-343/15 
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