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ABSTRACT 

~ RETURN TO fERMI lIBi\ARY 

The inclusive (7r, 1]) reaction is studied in the framework of a momenm"m spa.ce 

DWIA model. It is assumed that the reaction proceeds via quasifree single-nucleon 

knockout, mediated by formation of an N(1535) resonance. Medium corrections for 

the intermediate N* are taken into account. Cross sections are calculated for (7r+, 1/) 

inclusive reactions on 12 C and compared with experiment and with existing theoretical 

calculations; quantitative agreenlent is obtained with experimental data. 
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Nuclear interactions of the 17 meson have been the subject of several recent. 

investigations [1-4]. The 17 meson appears to have a significantly stronger coupling 

to the N(1535) than to any other baryon [5,6]. Thus observation of 17 production in 

nuclei can give us information on the production and propagation of the N(1535) in the 

nucleus. Since the N(1535) is an isospin 1/2 baryon, observation of the err, 17) process 

in nuclei allows us to look at formation of B.n intermediate baryon resonance which 

is not perturbed by the [generally dominant] phenomenon of intermediate ~(1232) 

production. Finally, there has been speculation that nuclear bound states of the 17 may 

exist [2J. 

There is now data on the inclusive (71"+ , 17) process on nuclear targets [4]. There have 

been two previous theoretical calculations of this process, one an internuclear cascade 

calculation by Gibbs and Kaufman [7J and the second a DWIA calculation by Kohno 

and Tanabe [3]. While both calculations give qualitative agreement with some features 

of the experimental data, neither is able to reproduce the whole experimental spectrunl. 

In this letter we show that a distorted wave impulse approximation calculation of the 

inclusive (71",17) spectrum can give good quantitative agreement with the experimental 

data. We compare and contrast our results with the Gibbs-I{aufman and Kohno

Tanabe results. 

Calculation of inclusive cross sections involves a sum over all unobserved final 

states populated in the reaction. To make our calculation feasible, we assume that 

the dominant process in (71"+,17) reactions is resonant excitation of a neutron by a 7r+ 

to a N(1535) state followed by quasifree decay of the nucleon resonance to a free 17 and 

proton. Therefore we consider only one particle-one hole final states of the nuclear 

system. The final state nucleon-nucleus interactions are treated as in quasifree (p, p') 

inclusive reactions [8]. We also neglect the small kinetic energy of the recoil nucleus in 

this reaction. With these approximations the inclusive cross sections can be written in 

the form 

In Eq. (1), E'~N,ji are the final nucleon total energy, kinetic energy and momentum. 
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These are related by 

where m is the nucleon mass. In Eq. (1), k:' and if are the pion and 17-meson momenta.. 

respectively; Nnl is the degeneracy of neutrons in the shell with quantum numbers 

{n, I} [i.e., Noo == 2 and NOl == 4 for carbon]. 

The quantity T 1rfJ in Eq. (1) corresponds to the transition matrix for the process 

7r(k:') + A -+ 17(q) + {N,A - 1}. We evaluate this in distorted wave impulse 

approximation [DWIA] in momentum space where the amplitude can be written 

The first term in Eq. (2) corresponds to pion-induced 17 production with no distortion 

of the incident pion [but including distortion of the outgoing nucleon]; the second term 

includes the effects of incident pion rescattering. Note that processes which involve 

either nuclear rescattering of the 17 after it is formed, or intermediate conversion of the 

17 back to a pion, are included in the term 1'1r'1 in Eq. (2). 

The first term in Eq. (2) has the form 

(3) 


In Eq. (3) F represents the final nuclear state {<Pp<PA-l} and w is the invariant energy 

of the 17N system. We represent the nuclear states through the standard single-particle 

shell model. For the elementary t-matrix for the process 7r + N -+ 17 + N we use the 

form proposed by Bhalerao and Liu [1], 

(4) 

In Eq. (4) we use the coupling constants 9N.N1r == 1.301 and 9N-N'1 == 0.769. 
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Following Bhalerao and Liu we define isobar form factors by h(p) = A2/(A2 _ p2), 

where A = 1200 MeVIc. For the N N7r vertex we used form factors from Ref. [9] of the 

form h1r (k,w) = (A2 - m;)/(A2 + w2 - IkI 2 ). The quantity ~N. = Re~N. + ilm~N. is 

the N* self energy in the nuclear medium; Re~N. corresponds to medium corrections 

which lead to a shift in the position of the N* resonance in the nucleus, and Im~N. 

leads to nuclear medium effects on the resonant width. Since there is no experimental 

information on the free N N* interaction which would lead to a microscopic basis for 

evaluating Re~N·' we have assumed that Re~N· = VN* = -50 MeV, following Ref. 

[10]. 

We estimate the imaginary part of the N*" self energy using information about 

the partial widths for free N* decay and standard many-body techniques utilizing tht' 

Cutkosky rules [11]. Details of such calculations are given in Refs. [10,12]. In this 

paper we will review the main features of such calculations. We evaluate contributions 

from amplitudes corresponding to nuclear Pauli effects, as shown ill Fig. l(a), and 

contributions from N* N -+ N N decay channels, shown sch.ematically in Fig. l(b-c). 

The imaginary parts of these amplitudes are related to the partial widths in the deca.y 

channels by the relationship r 12 = -Im~. In turn Im~ can be obtained by using the 

Cutkosky rules for the self-energy amplitudes shown schematically in Fig. 1, i.e. making 

the substitutions ~ -+ 2iIm~, G(q) ~ 2i8(qO)ImU(q), D(q) ~ 2iImD(q), UN(q) -t 

2i8(qO)ImUN(q). Here G(q) and D(q) are nucleon and meson propagators, respectively. 

and UN( q) is the Lindhard function [13] describing the propagation of a particle-hole 

excitation in the nuclear medium. In the Fermi Gas approximation it can be shown 

[12] that the Lindhard function has the form 

(5) 


For Pauli blocking effects on the nucleon propagator we use the form [13] 

(6) 
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where VN is the nucleon single particle potential and 

Pp(q)={: 

is the occupation number for a particle-hole state. 

The amplitude T1nr' describing pion-nucleus rescattering in the initial state was 

assumed to have the following form: 

T1r'1r" = Tall F(k, k'; E) (7) 

In Eq. (7) the term Tall is the fully on-shell pion rescattering amplitude, and the factor 

F(k, k'; E) defines its off-shell extension. We aSSUlne the function F(k, k'j E) has H 

separable form 

F(k k"E) = v(k)v(k') 
" v(ks )2 

where v( k) = (1 + ak2)-2, a = 0.224 fm2. The on-shell scattering ampli~ude T08 in 

Eq. (7) was calculated using Glauber approximation [14]. j 
In Fig. 2 we show the (11",1]) inclusive cross sections, in j.Lb/MeV-sr, vs. the 1] kinetic 

energy in MeV, for pion lab momentum 680 MeV / c. Experimental points are those of 

Peng et al. [4J. The data includes angles from 0 S 8." S 30°, so we have averaged our 

theoretical calculation over the same angular region. As can be seen, our theoretical 

curve gives good quantitative agreement with the experimental data. The solid curv{' 

in Fig. 2 shows the result using our full calculation, which estimates the width of the 

N* in the medium for decay into one or two mesons; the dashed curve gives the result. 

assuming the free width for the N*. 

In Fig. 3 we show the results of earlier theoretical calculations. The histogram is the 

internuclear cascade [INC] calculation of Gibbs and Kaufman [7], and the solid curve 

is the DWIA calculation of Kohno and Tanabe [3J. The INC result is good at large 17 

energies but too low at small"., KE. This could be expected from the classical nature of 

the INC calculation; for small "., kinetic energies, the wavelength corresponding to the 

5 



I 

17 will be of the order of the nuclear radius. Therefore, we would not expect a classical 

calculation such as the cascade model to give accurate values for 11 production at 10\\' 

11 kinetic energies. The DWIA calculation of Kohno and Tanabe gives good agreement, 

with the shape of the experimental spectrum but is roughly a factor of two below the 

data. It is likely that this can be traced to the description of the 7r_12 C initial state 

rescattering chosen by Kohno and Tanabe. 

The (7r, 17) process is unusual in that the transition amplitude 7r + N ~ 17 + N 

is small while the pion-nucleus scattering is comparatively very large. As a result, 

it is necessary that the multiple scattering of the incident pion with the nucleus be . 

accounted for. Kohno and Tanabe describe the initial state rescattering through an 

optical potential of the form tp. For k1C' = 800 MeVI c a similar calculation [15] for 7r 

scattering on 12C produces results which underestimate forward pion scattering datn 

[16] by about 40%. Therefore, the calculation of Kohno and Tanabe might be expected 

to underpredict the inclusive cross sections [which are averaged over forward angles] by 

about this amount. The Glauber model which we have used for pion rescattering gives 

a better prediction for pion scattering data [16] on 12C for angles less than 25°. Such a 

model appears to better describe the multiple scattering of the pion from the nucleus 

in the forward direction. 

There is one additional qualitative difference between our calculation and that of 

Kohno and Tanabe. These authors include a complete set of proton states in calculating 

their strength function for the inclusive reaction. For 12C, this basis includes the 

unoccupied OPI/2 bound single-particle orbital. Kohno and Tanabe calculate transitions 

to this discrete state, which is then smeared by assuming a Lorentzian shape. We have 

not included this state, which produces the sharp peak at the highest 17 KE in Fig. 3. 

In our calculation the interaction of the outgoing nucleon with the residual nucleus 

is calculated from an optical potential whose real and imaginary parts are fit to elastic 

scattering. In this inclusive reaction, one should in principle sum over all possible states 

of the residual nucleus, including those inelastic states which give rise to the bulk of 

the imaginary nucleon-nucleus potential. Our calculation assumes that the dominant 

process is quasifree scattering of the nucleon from the residual nucleus, and that the 
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optical potential gives a reasonable guess at the effective potential for all such states. 

Inclusion of all excited nuclear states would require very elaborate computation. To 

estimate the magnitude of the effects of the final-state interactions of the nucleon, Wf' 

recalculated the (1r, 11) cross sections when the imaginary part of the nucleon-nucleus 

optical potential was set to zero; our calculated cross sections then increased by 35%. 

In conclusion, it now appears that we can quantitatively calculate the inclusive 

(1r, 11) reaction on nuclei. In this work we have used a Glauber calculation for the pion 

rescattering terms, and we have assumed that the 11 meson interacts with the nucleus 

only through formation of an intermediate N*(1535) resonance. The treatment of the 

N* self-energy was rather simplistic; we are presently implementing a more microscopi<

picture of the nuclear interactions of this resonant state in nuclei. This model can then 

be extended to other nuclei and also as input to exclusive (1r, 11) reactions. This work 

will be reported in a subsequent study. 

The authors wish to thank Dr~ L-C. Liu for enlightening discussions, and Dr. R. 

Mach for the pion rescattering Glauber code. This research was supported in part by 

the U. S. National Science Foundation under contract NSF-PHY91-08036. 
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Figure Captions 


1. 	Diagrammatic representation of self-energy contributions from various processes 

in the nucleus. (a) Pauli blocking contribution to N* width; (b) one-meson (7r 

or 17) decay of N* in nucleus; (c) two-pion decay of N*. 

2. 	 (7r+, 17) inclusive cross sections on 12 C target at pz.:b = 680 MeV/c. Inclusive cross 

sections, in J.Lb/MeV-sr, vs. 17 kinetic energy in MeV. The data are from Ref. [41· 

Solid curve: full results. Dashed curve: calculations using free N*(1535) width. 

3. 	 (7r+, 17) inclusive cross sections on I2C target. Notation is that of Fig. 2. His

togram: INC calculations of Ref. [7]; solid curve: DWIA calculation of Ref. [3]. 

Data are from Ref. [4]. 
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