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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 nuc1ear structure input is 
most probaЬly responsiЬle for the main discrepancies of the re­
cent calculations / З , 4/ of the I б Q(y ,11) 16 N (bound) reaction with 
data. Since the argument applies to other light nuclei as well, 
it seems worth presenting it at а greater length here. 

Starting with the multiple scattering theory one can mani ­
pulate / 2/ the DWIA partial-wave photoproduction amplitude into 
the form 

j j i к L17 
~по (L 17 , q ; Ly, kЛ) = V nO (L 17 , q; Ly• kЛ ) е соs(к L ) , 
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( 1) 

where V~ 0 is the partial plane-wave photoproduction amplitude 
and к L = 8~ + oL stands for the Coulomb and strong phase- shifts 
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of the 11 -nucleus scattering. L17 (q) and Ly (k) are angular 
momenta (momenta) of the pion and photon-respectively, j is the 
tot a l momentum. We shall use Q = k -q for the momentum transfer. 
The derivation of (\) 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 121,and it 
seems that the method of ref. / 2/ provides us with а realistic 
pion f,hotoproduction amplitude . The calculations performed for 
the 1 С and 160 targets show а good agreement with the data at 
Т 17 <: 30 MeV. 

In terms of (\) the integral pion photoproduction cross sec­
tion reads / 2/ 

q 1 2 ' 1 
ano = - -- I J + ~ j · 2 2k 2J

0
+1 Л L L. 2L~- j nO(L 17 ,q;L ,kЛ) J , 

17 у1 у у 

where Jo is the total momentum of the nuclear initial state. 
For the dif f erent ial cros s section one finds 

© Объединенный институт 
'Ьe,hlliн .. ·-·· • .. ' •. t:rИJ)' 

я~~~~_дqa.lfl{}lmnr.d&&нa, 
rt=.ЫE. н~. , •. "' "" · -:~ (4 ' tg't'n;;zi l W ; '- l 1 1..- t ~ 

. ---~~-.,----... .-. 

1983 . 

(2) 

l 



dano 

d{} 

q __ 1__ I 
2k 2J0 + 1 Л МоМn 

I 
L 11 L yj 

[
L 17 Jn j l[L y Jo j j 
М 17 M 0 J Л Мо m 

. 2 
х YL м ( П ... ) ~010 (L 17 ,q ; L y ,kЛ) i 

1Т 1Т q 

with [ : : : ] for the Clebsch-Gordan coefficients and УLм( П ) 
for t he spherical harmonics. 

(3) 

То demonstrate our point, we have calculated the amplitude 
of eq. (1) using two popular parametr izations / 7,8 / of the 
transition densities which both describe correctly the avai l ab l e 
(е, е') data. The corresponding differential cross sections are 
plotted in f igs. 1 and 2 *. One notices immediately that the 
two sets of results diff er very considerably for Q > 1.0 f m" 1• 

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
si ties. Though t he integrated characteristic is slightly less 
sens i tive to t he i mput, t he difference of t he two result s amount s 
t ypical l y to 50% . 

Let us now di s cus s the possible origin of the diffe rences 
j us t observed. It i s clear that the nuclear transition densities 
which were inconsistent with the electromagnetic data woul d Ье 
meaningless for t he photoproduction work. It appёars, however, 
t hat such а l imitat ion is actually rather weak: the (е, е') data 
are norma lly (i) limited to t he moment um transfers smal ler t han 
thos e t ypical for the phot oproduction process, (ii) not separa­
ted wi t h r espect to their l ongitud i nal and transverse parts, and 
(ii i) composed of cont ributions of s everal nuclear level s of 
different spins. (The 12 С(е, е ') reaction is а rare exception, i n­
deed, where rather compl e t e and well separated data exist f or 
several transitions). 

Proceeding to t he ca se of А = 16 nuclei we shall describe the 
two densities used. Donelly and Walecka / 7/ have shown t hat Ьу 
admixing the particle-hole (1 h w) conf igur a t i ons v i a r esidual 
i nteraction one r eproduce s the elect r omagnet i c f or m f actors f or 
the Т = 1 state s i n 16 О pr ovided that certai n r eduction factor s 
are i ntroduced which simulate the effects of mo r e compl icated 

*Re sul ts of some earlier calcul a t i ons (e.g . , refs./5,6/ ) per­
fo r med with t he Helm-mode l densitie s differ considerabl y f r om 
ours . There the "pro ton- size f actor" (1 + Q2/ 0.71)-2 whi ch i s indeed 
а part of the e l ementary e lectr on-nuc leon amplitude (rather 
than the nuclear one) has erroneous ly not been ext rac t ed 
before using t he corre spondi ng densi t y in t he photoproduction 
work. 
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10 : ~Fi g.l. Pion angular distributions at 
1 6o!r,11·)16N(Ьound) ~ k = 200 MeV. The solid curve is cal-

:n ~ kLAв·200МeV culation with shell-model densi-i 1 ties 171, for the das_hed curve the 
ё 1.0 i Helm-model densities 181 were used. 
! ~~ f - Experimental data are from Yamazaki 

_/ --------- f et al. 19
1. 
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Fig.2. Energy dependence of the 
differential cross-sections of 
the 16О( у ,77+ ) 16N (bound) reac­
tions. Calculations as in fi~. 1. 
Data are from Bosted et al. / О/ 
(do t s) and from Yamazaki et 
al. 191 (open circles). The 
corresponding ranges of the 
momentum transfer are 
0.7 < Q < I.4 fm· 1 ( () = 45 °) 
and 1.2 < Q <2.5 fm· 1 ( () 

= 90° ) for 200 < k< 380 MeV. 
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conf igurations left out of the model space. The same data, name­
ly, the form factors 

2 1 2 1 - 1 2 2 
F (Q)=[ 2 + tg ("28)] FL(Q )+ Fт(Q) (4) 

(with self-explaining notation) for the 21 and 3! levels at 
Q < 1 fm" 1 and the unresolved form factor for the "14 MeV comp­
lex" (1!, 2}, 3}) at О < Q < 3 fm· 1, have been successfully fitted 
also Ьу the generalized Helm-model in ref. 111. The quality of the 
fit is very good i n both the cases (see refs. / 7,8/ ). The two 
parametrizations result, however, in very dif f erent individual 
form f actor s in the r eg ion Q > 1 f m" 1. One of the features is 
demonstrated in fig.3: The importance of the longitudinal and 
transverse contr i butions to the 3) form factor is reversed in the 
two parametrizations. Besides, we have also observed that а smal­
ler 3} contribution to the "14 HeV complex" (at Q > 1.5 fm" 1 ) 
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Fig.3. Tota1, 1ongitudina1 and 
transverse form factors of the 
31 ( 'J' = 1) 1eve1 in 160 ca1cu1ated 
with the she11-mode1/ 7/ (fu11 1ine) 
and Не 1m-mode 118/ (broken 1 ine) 
transition densities. For the data 
see ref. / 8/ . 

ca1cu1ated in ref. / 7/ is counter­
ba1anced Ьу the 1arger 11 and 
21 ' terms. At the same time in the 
He1m-mode1 the composition of the 
comp1ex is based on the strong 3\ 
contribution. These features are 
undistinguishaЫe in the avai1aЫe 
(е, е') data. The photoproduction 
reaction se1ective1y accentuates 
the higher-spin 1eve1s (3{ in this 
case), and, due to the resonance 
character of the non-spin-f1ip 
(у,") amp1itude, Ыows up the dif­
ferences in the 1ongitudina1 part 
of the transition densities shown 
in fig.3. This exp1ains qua1ita-

O 05 1,0 15 2.0 2.5 Q(fm ) tive1y and quantitative1y the re-
su1ts disp1ayed in figs. 1 and 2. 

If а decision is to Ье made between the two densities, we 
wou1d prefer the microscopica11y-oriented fit Ьу Donne11y and 
co11aborators. The comparison of theoretica1 and experimen­
ta1 19,lO/ differentia1 cross-sections performed in figs.l and 2 
supports strong1y this choice. 

In conc1usion one notes that the nuc1ear structure input 
of the pion photoproduction nuc1ear ca1cu1ation deserves much 
deeper attention than it was genera11y be1ieved. The constraint 
Ьу the avai1aЫe e1ectromagnetic data is indeed conditio sine 
qua non, sti11 not sufficient to guarantee the success of the 
work. Indeed, new (е, е') data measured for а broad Q -range for 
severa1 1ight nuc1ei wou1d he1p much in understanding the photo­
production reaction if FL and Fт components are separa ted. 
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Современные ( е, е ' )данные в большинстве случаев не nозволяют однозначно 
оnределить ядерные nереходные nлотности, что nроявляется nри исследовании 
других nроцес сов. В качестве nримера рассмотрена реакция 1 6О(у," + ) 16N 
/св.сост . / для двух наборов ядерных матричных элементов. Существующая 
неодноэначность позволяет нам устранить разноглас ия с данными по фоторож­
дению , имеющиеся в расчетах других авторов . Для nрояснения ситуации необ­
ходимы новые эксперименты по исследованию неуnругого электронного рассея­
ния на ядра х . 

Работа выполнена в Лаборатории т еор е тической физики ОИЯН . 
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The ava i laЫe (е , е ' ) data in most case s constrain just weakly the 
nuclear transition densities. As ал exampl e we have analysed the 
1 6 О( у , " +) 

16
N (bound) reaction us ing t wo sets of nuclear matrix elements both 

consistent with the electromagnetic constraint . The freedom left a11ows us 
to account fu11y for the disagreement of recent photoproduction ca1cu1ations 
with data . New precise electron scattering experiments are needed to eluci ­
date the situation. 

The investigat ion has been performed at the Laboratory of Theoret ical 
Physics, JINR . 
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