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SUMMARY 

We have investigated the diffractive and Coulomb� 
dissociation of pions and kaons from nuclear targets.� 
The experiment was performed in the M-l beam line of� 
the Meson Area of Fermilab. Data were obtained at� 
156 GeV/c and at 260 GeV/c. We report a measurement� 
of the radiative width of the p-, and first estimates� 
of the radiative widths of the X~(890)- and A;.� 

We are reporting on our study of coherent dis­�
sociation of pions and kaons into their corresponding� 
vector and tensor mesons in the Coulomb field of� 
nuclear targets. In particular, we use the Primakoff� 
effect in the reaction 'If-A -+ p-A to extract the radia­�
tive width r( p- -+ 'If-y) 1.� 

An outstanding problem in this field has been the 
small value of 35 ±10 keV measured for f( p- -+ 'If-y) 2 

• 

If we interpret the reaction p- .... 'If-y in terms of' a 
quark model, then the decay process can be reyarded as Fig. 1. Schematic of the high-resolution. forward 
a radiative transition from a 35 1 state to a So state spectrometer for Experiment E272. 
of the qq system. Transitions of this kind can be cal­
culated to 'yield relations between various radiative The incident bea'!! was tagged using three Cerenkcv 
widths. For example, assuming ideal singlet-octet counters, and the incident angles were determined to 
mixing for the vector-meson nonet, the radiative trans­ ±.O] mrad with two sets of proportional chambers 
itions of the WO and p- can be related to yield located upstream of the target. 
f( p- -+ 'If-y )/r( uP -+ -rrO-() '" 1/9. 3 Using the direct~ 
measured widt.h of 880 ± 60� KeV for the decay -+wOy, 4 The target was surrounded by lead-scintillator(&I 

yields au experimental ratio 1/25 for the p to (&I veto counters to enhance the coherent contribution to 
radiative width., rather than the value of 1/9. the trigger. The target and veto counters were con­

tained within an evacuated box which was directly con­
Backgrounds from strong-exchange processes (in nected to a 6m. long decay pipe. This enabled us ~o 

particular IJl exchange) complicate the analysis of the trigger on ''Vee'' decays in the vacuum region and pro­
p- production data. However, as the energy of the vided a clean sample of K-'" rr-'II'° events which \ve used 
incident beam is increased the analysis becomes to monitor the performance of our apparatus, and to 
cleaner because the Primakoff cross section increases establish the normalization for our measurement of 
a.s tnp, wherea.s the strong process falls as lip. The cross sections. 
previous measurement of r( p- +'If-y) was obtained at 23 
GeV/c, where strong exchange is important. We have Figure 2 provides an indication of the resolution 
perforoed our experiment at 156 GeV/c and 260 GeV/c of our spectrometer at 156 CeV/c. The data are I'rol!! 
where the Primakoff process dominates p- production at K- decays accumulated during runs using a lead target 
small momentum transfers.� that was 0.28 radiation lengths thick. 

Figure 1 displays schematically the high-resolU­ A typical 'II'-'lf0 mass distribution for our data is 
tion forward spectrometer which we have set up in the shown in Fig. 3. For these data we required that the 
Ml beamline at Fermilab. Charged-particle trajectories reconstructed production vertex be at the target posi­
are measured with arrays of drift chambers located on tion, the total energy be equal to the beam energy. and 
either side of an analyzing magnet that provides a the mass of the two detected photons be equal to the 
1 GeV/c transverse impulse. The resolution of the nO mass. The 'If-'lf0 mass distribution is clearly domi­
c~bers is ±200~. Energies and positions of photons nated by the p- meson. The acceptance of the equipment 
are measured by ~ lead-liquid argon shower detector, as a function of mass is indicated by the smooth curve 
which has positional resolution of better than ±l mm and is typically about 60%. 
and an energy resolution AE/E of about ±l3%11E. 

The absolute reconstruction efficiency for rro 
mesons in the liquid argon calorimeter is uncertain 
to about ±]J %. \"e have consequently normalized our 
production cross sections to the observed K- "'if-nO 

~ *Research supported by� the U.S. Department of Energy, decays that we accumulate along with our data. BecauseThe National Science FOlIDdation and the Universities 
a l£O from the decay of a K- has characteristics veryif tunnesota and Rochester. similar to that of a 'If0 from the decay of a p-, nor­'Presently at Fermi National Accelerator Laboratory. 
malizing to K- decays eliminates this and many othert Presently at Brookhaven Natior~l Laboratory. 
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Fig. 2. Resolution studies at 156 GeV/c, using K- de­
cays from data with a lead target of 0.28 radiation 
lengths. 
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Fig. 3. TYPical two-pion mass spectrum for events 
satisfying total energy, target verte~ and nO-mass 
cuts. The MOnte Carlo generated acceptance is indi­
cated by the solid curve. The data are for 260 GeV/c 
n- mesons incident on a lead target. 

systecatic problems. To check that our procedure is 
valid we have examined the ratio of the p- yield to 
the I\'" iT-nO yield as a function of the helicity de­
cay angle of the iT-nO system. The results are shown 
in Fig. 4 for data for three different targets. These 
plots have been corrected for background (target empty) 
and for the K-/p- relative geometrical acceptance. Be­
cause K- mesons decay isotropically, a characteristic 
sin2e dependence is expected in Fig. 4 due to the M-l 
nature of p- production. This is indeed what is ob­
served in the data. 
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Fig. 4. Ratio of helicity decay-angle distributions 
for iT-iTo systems to r"'rwO decays. The dashed curves 
show the sln2e1T_dependence expected for p- mesons. 

As a further check of our nol"it'alization procedure { 
we compared our data for pPb "'pll'°Pb to that expected ....",.,' 
for Primakoff productiorr on the basis of the-reaction"" 
yP ... P1fo • The pnO mass spectrum, normalized to K- de­
cays, is shown in Fig. 5; the solid line shows the 
cross section expected from the Primakoff contribution 
(mainly 6(1236» on the basis of recent photoproduction 
data 5 

• Below 1.25 GeVagreement with. the data is good 
to better than 5%. Our data show an e~cess in the high 
mass region which can be qua1itatively understood in 
terms of strong diffractive production of pwO systems 
in the I =~ state. 

40 

p Pb _� p ..' PI> 

~(f	 156 GOY!_ 
dM 1< 0.001 Ge.2 

zo )� .. ..� 
• ..•••.~ ..• 

12 1.3 

MASS p1t' 

Fig. 5. p1fo mass spectrum for coherent A+ production 
on lead. The solid line shows the prediction for 

/
Primakoff production based on recent photoproduction -..J(data (Ref. 5) • 
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With these tests satisfied, we are confident 
that we can proceed to extract the radiative width of 
the p- from our data. If p- production were purely 
electromagnetic the cross section would be determined 
by the Coulomb amplitude Fc : 

2 2
d 0EM_ 2_ z2a t-tmin IFEJt)I 2� 
----,--IFcl --:rr--:z- if 2 °i~)' (1)�
dtdM""' t-I!l.rf 

where a is the fine structure constant, Z the nuclear 
charge, .and M the mass of the dipion system. The 
square of the minimum four-momentum transfer is tm ' 
and FFJi. t) is the electromagnetic form factor for tRe 
nucleus(including absorption). 

2 6'11' II I 12Oy(~) = _2 2.2 T(Y'Il' + 'IT'11') (2) 
(14 -m'l1') 

is the cross section for the reaction Y'Il' + 'IT'11' • We 
assume that the T-matrix has the form of a p-wave 
Breit-Wigner resonance: 

+ 2 _ ~rY'l1'(ll)r'l1''I1'(Il)
 
IT(Y'Il' 'IT'11')1 - (t.f _J)2 .M2r <J.t>� 

o 0 'IT'11' 

where r'l1''I1' and rY'll' are the mass-dependent full and 
radiative widths, and Me is the mass at resonance. 

We have used different phenomenological forms for 
the partial widths, such as: 

q32qo
2 

r = r ~ 2 2 
'IT'11' Oq~Clc.q (4) 

J 2k2 2 2i r =r k 0 r k 0� 
Y'Il' yo k3 k2 • k2 ' yo i1 k2 • k2� 

o 0 0 0 

In these expressions q and k are the momenta in the 
rest frame of the 'IT'11' and Y'Il' system respectively. Values 
at resonance are subscripted with a zero. We find that, 
although fits of different forms to the data differ in 
the X2 , the various forms do not markedly affect the 
values of the parameters at resonance. Two such fits 
to the p mass spectrum are shown in Fig. 6, where the 
arrows indicate the region over which the fits were 
performed. The best fit yields M,., = 776 ± 4 MeV and 
ro = 149 ±$ MeV, in good agreement with the accepted 
values" • 

The w-exchange contribution to p- production can 
be parameterized as: 

(5 ) 

where A is the atomic mass number, Cs gives the normal­
ization for production on a single nucleon, and FH(t) 
is the hadronic form factor for the nucleus. 

These two processes can interfere, and we can write 
the cross section in the form 

(6) 

where • is the relative phase of the Coulomb and strong 
amplitudes. The parameters ryO ' Cs and ~ were varied 
in a fit of the data to the above expression. The fits 
are shown in Fig. 7 for three targets, and the result­
ing parameters for several typical fits are given in 
Table I. 
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Fig. 6. 'I1'-wa mass spectrum for coherent p- data on 
lead, at small momentum transfers. Fits to the spec­
trum were performed using the data between the inci­
cated arrows; various forms were assumed for the param­
eterization of partial widths. Two such fits are 
plotted here and the best fit yields Me =776 ± 4 MeV and 
r0 =149 ±8 MeV for the mass and width of a p-wave p­
line shape. 
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Fig. 7. t~distributions for coherent p production on 
Ph, Cu, ~~d C targets at 156 GeV!c. The dashed lines 
are fits of the data to equation (6). 

For each target we find two solutions that differ 
mainly in the value for the phase ~ and Cs' 6 If we 
combine data from all targets we obtain the results 
given in the third set of entries in Table 1. In ad­
dition to statistical errors from the fit, we estimate 
a systematic error of ±7 keV on ryO due to uncertainty 
in our normalization procedure. From our fits we con­

.clude that rp+'Il'y=63±7 keV. 
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Table I. Typical Results of Fits to t-Distributions at 156 GeV/c 

Lead 

Solution I 

70 ± 3 

Solution II 

62 ± 3 

Copper 

SOlution I Solution II 

62 ± 5 59 ± 4 

All Targets 

Solution I SOlution II 

65 ± 2 61 ± 2 

0.4 :!: 0.2 

68 ± 25 

1.2 

1.9 ± 0.6 

-90 ± 15 

1.4 

0.7 ± 0.2 

41 ± 25 

1.0 

1.0 ± 0.2 

-63 ± 20 

1.0 

0.76 ± 0.06 

52 ± 11 

1.3 

0.84 ± 0.08 

-52 ± 12 

1.3 

(a) Errors are statistical; the systematic uncertainty is ±7 KeV. 

In addition to the p measurement, we have prelim­
inary data on several states of higher mass. Figure 8 
shows the signal for coherent K*(890) production, com­
bining both K*- -+- K-'!T° and K*- -+- K°'!T- decay modes. EVi­ 20 
dence for A2 -+- '!T-n is shown in Fi~. 9. We observe a 
sharp forward Coulomb ~eak in the t-distribution and 
the characteristic sin acosta angular distribution ex­ 40, 

pected for the decays of electromagnetically produced 
A2 mesons. Finally, Fig. 10 shows the first clear 
evidence for Coulomb production of the \. 
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16� Fig. 9. Data from an analysis of coherent A2 produc­
tion. a) n signal from yy mass combinations. b) A2 

8� signal in the n-n mode. c) The t-distribution for 
coherent A2production. d) Polar decay-angle distri­

bution of the n- from Ai decay, for t < 0.0025 GeV2 

0.001 0.002 IGeV t
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Table II. Surnmaryof latest results from Experiment 
Fig. 8. Data from an analysis of coherent K*-(890) E272. 
production. a) rr+'!T- mass from KS -+- '!T+rr- decays from Process f (KeV)yo
K*( 890) -+- K~'!T. b) Combined mass spectrum from K-no and 

p- -+- 'II'-y 63 ± 7 
~n- decay modes. c) t-distribution for coherent 

K*(890)- -+- X-y 40 ± 15K*-(890) events. A2 -+- rr-y 450 :!: 100 
In conclusion, we summarize in Table II our mea­

surements of the radiative widths of vector and tensor ~ -+- n-y observed 
mesons. 
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Fig. 10. t-distribution for ~-~+~- systems with an 
invariant mass between .80 GeV and 1. 5 GeV, produced 
on a lead target. Only a fraction of the Coulomb 

~	 peak at small t (~ 0.001 GeV2 
) can be attributed to

Ai production. 
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