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It has been shown recently/1:2/ that definite refinements
like the correct treatment of the momentum-dependent terms of
the elementary amplitude, pion multiple rescattering and the
gauge invariance of the nuclear photoproduction amplitude are
necessary to ensure the reliability of the theoretical model of
the pion photoproduction off nuclei. In the present letter we
would like to demonstrate that the nuclear structure input is
most probably responsible for the main discrepancies of the re-
cent calculations/3:4/ of the 160(y,n)!1N (bound) reaction with
data. Since the argument applies to other light nuclei as well,

it seems worth presenting it at a greater length here.

Starting with the multiple scattering theory one can mani-
pulate /?/ the DWIA partial-wave photoproduction amplitude into
the form
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where Vdo is the partial plane-wave photoproduction amplitude
and S5 8L '*31, stands for the Coulomb and strong phase-shifts

of the #-nucleus scattering. (q) and L, (k) are angular
momenta (momenta) of the pion and photon-respectlvely, j is the
total momentum. We shall use @ = k —q for the momentum transfer.
The derivation of (1) is described in detail in our earlier pa-
per/2/. The construction obeys the requirements of the relativis-
tic and gauge invariance and takes into account the nucleon Fer-
‘mi motion. These effects appear numerically important/2/ and it
seems that the method of ref./?/ provides us with a realistic
pion ?hotoproductlon amplitude. The calculations performed for
the '“C and 160 targets show a good agreement with the data at
T, > 30 MeV,

In terms of (1) the integral pion photoproduction cross sec-
tion reads/?/
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where Jy is the total momentum of the nuclear initial state.
For the differential cross section one finds
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with [: ::] for the Clebsch-Gordan coefficients and Y; \(Q)
for the spherical harmonics.

To demonstrate our point, we have calculated the amplitude
of eq. (1) using two popular parametrizations/7.8/ of the
transition densities which both describe correctly the available
(e, e’)data. The corresponding differential cross sections are
plotted in figs. 1 and 2*, One notices immediately that the
two sets of results differ very considerably for Q >'1,0 fm-l.
We have observed the same dramatic difference also for the larger
pion angles not shown in fig.2. Using eq. (2) the total cross
sections were calculated for the two sets of the transition den-
sities. Though the integrated characteristic is slightly less
sensitive to the imput, the difference of the two results amounts
typically to 50%.

Let us now discuss the possible origin of the differences
just observed. It is clear that the nuclear transition densities
which were inconsistent with the electromagnetic data would be
meaningless for the photoproduction work. It appears, however,
that such a limitation is actually rather weak: the (e, e’) data
are normally (i) limited to the momentum transfers smaller than
those typical for the photoproduction process, (ii) not separa-
ted with respect to their longitudinal and transverse parts, and
(1ii) composed of contributions of several nuclear levels of
different spins. (The 1ZC(e.e') reaction is a rare exception, in-
deed, where rather complete and well separated data exist for
several transitions).

Proceeding to the case of A =168 nuclei we shall describe the
two densities used. Donelly and Walecka’”/ have shown that by
admixing the particle-hole (l1hw) configurations via residua%
interaction one reproduces the electromagnetic form factors for
the T=1 states in 1*0 provided that certain reduction factors
are introduced which simulate the effects of more complicated

*Results of some earlier calculations (e.g., refs./5.6/ )_per—
formed with the Helm-model densities differ considerably from
ours. There the '"proton-size factor"(1+.Q2AL71f2which is indeed
a part of the elementary electron-nucleon amplitude (rather
than the nuclear one) has erroneously not been extracted

before using the corresponding density in the photoproduction
work.
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— T ' 4Fig.1. Pion angular distributions at
16o(x,w)ﬁN(bomd) k = 200 MeV. The solid curve is cal-
kpap= 200MeV culation with shell-model densi-
ties’/?/, for the dashed curve the
Helm-model densities’/3/ were used.
_______ % f———T___ Experimental data are from Yamazaki
: i et al.”?.
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Fig.2. Energy dependence of the
differential cross-sections of
the 190(y,#* )I5N (bound) reac-
tions. Calculations as in fi§.l.
Data are from Bosted et al./ 0/
(dots) and from Yamazaki et
al.”% (open circles). The
corresponding ranges of the
momentum transfer are

ds/do (}Nb/sr)
=

o
pare

0.7<Q<1.4 fm! (@ = 45°) L
and 1.2<c@<2.5fm! (g = 200 230 260 290 320 350
= 90°) for 200 <k< 380 MeV. Keag MeV)

configurations left out of the model space. The same data, name-
ly, the form factors :

F“’(o)=[-;-+tg2(-;—en" F2(Q) + F3(Q) )

(with self-explaining notation) for the 2; and 37 levels at

Q <1 fm"! and the unresolved form factor for the "14 MeV comp-
lex" (17, 27, 37) at 0<Q <3 fm-!, have been successfully fitted
also by the generalized Helm-model in ref./!/. The quality of the
fit is very good in both the cases (see refs.’78/ ). The two
parametrizations result, however, in very different individual
form factors in the region Q > 1 fm~!. One of the features is
demonstrated in fig.3: The importance of the longitudinal and
transverse contributions to the 37 form factor is reversed in the
two parametrizations. Besides, we have also observed that a smal-
ler 3] contribution to the "14 MeV complex" (at Q >1.5 fm-! )
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Fig.3. Total, longitudinal and
transverse form factors of the
37(T= 1) level in !0 calculated
with the shell-model’?/ (full line)
and Helm-model’8/ (broken line)
transition densities. For the data
see ref.’8/.

calculated in ref.’”/ is counter-
balanced by the larger 17 and
27 terms. At the same time in the
Helm-model the composition of the
complex is based on the strong 37
contribution. These features are
undistinguishable in the available
(e, e’)data. The photoproduction
reaction selectively accentuates
the higher-spin levels (3; in this
case), and, due to the resonance
character of the non-spin-flip
(y,n) amplitude, blows up the dif-
ferences in the longitudinal part
of the transition densities shown
in fig.3. This explains qualita-
tively and quantitatively the re-~
sults displayed in figs. | and 2.

If a decision is to be made between the two densities, we
would prefer the microscopically-oriented fit by Donnelly and
collaborators. The comparison of theoretical and experimen-
tal/%10/ differential cross-sections performed in figs.l and 2
supports strongly this choice.

In conclusion one notes that the nuclear structure input
of the pion photoproduction nuclear calculation deserves much
deeper attention than it was generally believed. The constraint
by the available electromagnetic data is indeed conditio sine
qua non, still not sufficient to guarantee the success of the
work. Indeed, new (e, e¢’) data measured for a broad Q-range for
several light nuclei would help much in understanding the photo-
production reaction if Fp and Fy components are separated.
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dpamman P.A,, Mutpo M., Kamanos C.C. ; E4-83-296
HYyBCTBMTENLHOCTD NPOUECCA (POTOPOMAEHWUR NMOHOB ;
K BuGOPY AAepHbIX NepexogHuX NMoTHOCTed

Coepemennbie (e, e’)gaHHbe B GonbwMHCTBE Cfiyyaee He NO3BONAKT OBHO3HAUHO
ONPEAENUTL AQEPHWE NEPEexXOAHHE NNOTHOCTM, 4TO NPOABNARETCA MPW MCCNEROBaHMM
Apyrux npoyeccos. B kauecTee npumepa paccMoTpeHa peakuua ’GO(y,n+)'6N
/cs.coct./ pna geyx HaGopos RAEPHBIX MATPUUHLIX 3neMenTOoB. CywecTeyowan
HEOAHO3HAUHOCTL NO3BONAET HAM YCTPaHUTb Pa3HOrNACMA C AAHHLIMK MO doTopok-
AEHWID, UMEWMECA B pacueTax Apyrux asTopos. [INA NPOACHEHWA CHTyauum Heol-
XOQHMH HOBHE IKCNEPUMEHTH MO UCCNEAOBAHUID HEYNPYIrOrO 2NeKTPOHHOrO PACCen-
HUA Ha Agpax.

Pabota ewnonuena & flaGopatopum TeopeTudeckon Ousuku OUAK.
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Pion Photoproduction Off Nuclei:
A Sensitive Test of the Nuclear Tramsition Densities

The available (e,e’)data in most cases constrain just weakly the
nuclear transition densities. As an example we have analysed the
50(y, #*) 1N (bound) reaction using two sets of nuclear matrix elements both
consistent with the electromagnetic constraint. The freedom left allows us
to account fully for the disagreement of recent photoproduction calculations
with data. New precise electron scattering experiments are needed to eluci-
date the situation.

The investigation has been performed at the Laboratory of Theoretical
Physics, JINR.
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