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1 . I ntroduction 

The interactions of photons wi th nuclei a t E0=(0. 2 - 1) 

GeV take place via excitat i on of baryon resona nces . The t heo­

retical consideration of the ph ot on-nucleus process is compli~ 

cated by the need to t ake into a cc ount the inter a ctions of 

excited baryon resonances with the nucleus. Therefore, at pre-

sent there is not any distinct predict i on de s cribing the be-

haviour of total cross section of pion photofroduction in this 

energy range. 

In the A -resonance region there exist various theore­

tical approaches to the pion photoproduction. In ref. [1] th~ 

pion photoproducti ons with nucl ei are treat ed as photoproduc­

tions with quasifree nucleons allowing for the corrections 

due to the variation of propagator in t he nuclear medium and 

the interaction of A -isobars and pious wi th nucleons i n the 

final state. In refs.[2-4] t he coherent scattering of photons 

and pions and the S\ 0 

-photoproductiozi. are discussed as a uni-

fied process in the isobar doorway model. Such a discussion 

yields some information on the amplitude of the A -isobar 
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interaction with nucleons. The coherent g\'
0

- phot oproduc ti on 

is a l so discussed for the inves tigation of pion wave function 

:in the nu cleuf; of dist orted wave inpul s e approximation - Di'/IA). 

"t present there •:tre papers [5-9] deal inr; with 91± -ph otopro­

ductioll v;l t h nucl c·ons aml light nucl ei , ST 0 

-photoproduction 

with nucl eons , incoherent photoproduction with t h e nucleus . I n 

this paper \ 'l e J:epor l the fi rat time the duta on the tot ul 

ohotoproduction cross s ecti on on the nuclei Be, 0, C i n the 

ennr0y .run?·e (0 .25 - 1)GeV. 

'J.'11" avui lable data on incoherent pion photoproduction 5 ' 9 

a nti t otn1 hadron photoproduction cross section allow to inves ­

t .i ,_;ute -~he coherent ~T 0 -photo.oroduction and the nucleus photo-

disintegration pr ocess . 

2. Experiment a l setup 

The measurements are carried out on the extract ed elect-

t'on b1am of the Yerevan synchrotron. In order to obtain mono-

:hromatic photons we have used the tagged phot ons method. The 

.iiaeram of the tagged ~hoton beam obtaining is presented in 

~·ie;. 1 •. The collimated beam of electrons with the intensity 

"" ( O. 5 - 1) · 1 o5 e - per second produces on a radiator w.i.th 

the thickness 0.021X
0 

(X
0 

is the radiation length) ,._,,. 0.3·10
1
i 

bremsstrahlung photons per second tagged i n the energy range 

0.25 - 1 GeV. 

Ing fig. 2 the experimental setup is presented which may 

be conventionally divided into two parts. The first one, con­

ui stihg of an energy-analyzing magnet M, a radiator R, a tag-

4 

gin.g system scintillation hodoscope T , a shower cou..'1tei: ::JC 

and a quuntometer Q is desigllcd for the fori.mtion and detec -

tion of tagged photon beam. 'l'he sec ond part, consisting of u 

detector lfD overlapping the solid angle ~ 491 , a tar get m 

and a number of veto counters ,J:, is used for the detection of 
!IT 0 
'.'JI -photoproduction events. 

The tagging system hodoscope represents 16 channel s of 

three rows (~:, T 1 , T'') of scintill ation counters used in coin­

cidence with each other. The main beum of elec t rons nonln+.ere.ct-

ed in the radiator R stri kes the quantometcr Q, by v:ho::ie read-

ings we c ont r ol t he e lec tron bernu i ntensity. 

The description of the shom·r counter with the ef l'ec't i vro 

u reu. (30 x JO)cm2 und the thickness 20 A.
0 

is give.1 jn ref . [1 (} 
The 4gr - detector l!D is composed of fi ve groupn of ucintil ­

lation counters surrounding the t urget m. Each group repr e -

fients a ~ -telescope of four 2 cm scintillation counters with 

u 0 . 8 cm lead l a yer sandwiched in the first tVTo com1teru . 'l'he 

fifth group of count ers located acros::; the ~ -beo.m has u '10le 

12 cm in diameter for the passage of both the photons nonintcr­

acted in the target and the main part of elect.r·on-posi tron 

pairs produced in the target. The veto count e r s X
1 

+ ;;:4 '.tre 

designed for disca r din g the trident e vents i n rauialor uud fo1 

suppre<Jsion of the beam "ha lo". The sci.n:til lution roounter "x" 

(10x16)cm2 , loca tecl before tho uhowcr coun~ct ' ;;c OJ t a direcl 

Q' -bearn, has been used for some contro l meusurr lli ';i1li: . 

The e l ectronic locic circuit :Ls preuen te<i in fit;. J. 
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J. Measurement technique 

Measurements are carried out f'or beryllium, carbon and 

rnr Lc r t ar gets with the diameter 5 cm and thickness 0.1X
0

• 

. ~ n oTder to detect 91°-mesons ·against the background of' 

; lt;· ,.,., .1 11adrons in the target, the first r ow of' the 4] -detec·­

Loi.· eoWlters, as is seen from fig. 3, is connect ed in veto wi th 

the remaining rows. Such a method excludes the possibility of 

detecting the incoherent 91° -meson production process with pro-
' . ) ton accompaniment 6,ncloA-ATIP. Thus, we measure the total 

5IT"
0 

-photoproduction cross section as a sum of total cross sec­

tion of coherent g\
0 

-photoproduction on nuclei and the total 

cross section of incoherent 51°-photoproduction with neutron 

accompaniment. ' • 
6 :: 6 IY'A - fl5\ 0

) + E). I l<'{-1 - A
1

:if
0 n) 

. ~0~ coh\U ~nc \ u 

We measure ~he number of produced9T~mesons per pho t on hit­

ting the target. It corresponds to the ratio of the coincidence 

of logical signals from one of' the tagging system channels and 

4'.if-'-detector at the absence of signals from the shower counter 

and veto counters to the number of' photons. The number of pho­

tons ·is measured by the coincidence of logical signals f:rom one 

of the channels of tagging system and shower counter. 

Du.ting the experiment the shower counter inefficiency is 

~egularly measured as a ratio of the signals coincidence of one 

of the tagging system channels and detector "x" (see fig. 2) 

at the absence of a signal from the shower counter to the tri­

ple coincidence of signals from the shower counter, counter "x" 

6 

md one of the tagging system channels. 

. A certain portion of electron~·posi tron pairs produced at 

,arge angles, due to the inefficiency -of the 4gf ""'.detector vetc . 

counters ( "-' 5%) will be detected by the 4gf -de.tee tor, simulat.:, 

ing the case of 91° -photoproduotion. We determine the number . ·· 

of such cases per photon as a tri ple coincidence of logical · 

signals from the 11hower counter, 49T..:detector and one of -the 

tagging system channels. Such a measurement, taking into ac­

count the shower counter inefficiency, makes it possible to es~ 

timate the portion of electromagnetic cases detected along 

with the real number of ~o -photoproduction cases .• · 

All measurements are carried out both with and without 

targets of 9Be, 12c, H20. During the experiment the level of . 

accidental coincidences . was regularly measured by •introducing·· . 

an additional delay ("" 120 nsec) in the atro.biilg signal {see · 
fig. 3). 

,. 

· 4. D•ta an,~ysill ·:.· .. :· ·. 
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where M is the number of photons producing gf~~m,e~on~i N 
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i?;et. nucl,ei per unit area. · · . . ·· · . ·. . .·:- · · .. 
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. 1. n -beam attenuation i n air and targets. The correction 

determined by i t is (1 - 1.5)% and (5 - 7)%, respectively. 

2. Inefficiency of the order (2 - 3)% of photons detection 

by a shower counter . 
0 

3, The contri~ution of.91 -mesons, discarded by the shower 

counter, is (1 - 4)% versus photon energy. 

4. The total efficiency of 4] -detector scintillation coun· 

ters is 90%. 

5. We have calculated by the Monte Carlo mathod: 

a) the contribution of multiple bremsstrahlung processes 

in the radiator with the thickness 0.021X
0 

for a 100 MeV 

threshold of photon detected by a shower counter. The correc­

tion due to it is (2 - 6)% versus photon energy. 

b) the efficiency'of 91"
0 

-meson detection allowing for th~ 

4'.ii -detector geometrical efficiency and photons conversion ef-. 

ficiency for a 0.8 cm thickness of the lead layer in the de­

tector (see fig. 2) VerSUS n -quanta energy and '.ITO -meson an­

gular distribution. The calculated value of efficiency is 

(60 - 90)% for E({ = (0.25 - 1) GeV. 

6. The contribution of the inefficiency ("-' 5%) of the first 

row ·of 451 -detector counters allowing to detect a certain por­

tion of cases of the charged hadron photoproduction. 

The . values ofg\
0

-production . cross sections, calculated 

by the measured values of the number of cases ofgf
0
-meson 

production per photon hitting the target, allowing for mea-· 

surements and above corrections for the targets of 9Be, 
12c, 

160 in the tagged photon energy range (250 - 1000) MeV, are 

presented in Table 1. 

8 

5. Discussion of results 

·Energy dependences of the total 9f 0-photoproduction cr osf 

sect ion on t he nuclei 9Be , 12c, 160 are presented in fi gs.4, 

5 ,6, respec t ivel y. 

I n f ig. 4, along with our experimental results, f or com­

parison are al s o presented t he data on !if 0 -photoproduction 

calcul ated by the val ues of total hadron photoproduct ion cross 

section and total charged hadron photoproduction cross s ect ion 

t aken from [11] • For the comparison with theoret ical predic­

tions we have determined the coherent part of 5\
0
-meson pho­

toproduction. During the calculations, along with the 9!
0

-

photoproduction cross sections obtai ned by us, we have also 

used the values of incoherent pion photoproduction with pro­

ton accompaniment (5] and the ratio of the cross sections of 

charged pions photoproduction on 12c [9]. Similar calculations 

are carried out also for 160 with an assumption that the in­

coherent pion photoproduction cross section !or· 
16

0 and 
12c 

makes the same percentage of total cross sections of hadron 

photproduction on 160 and 12c. In figs. 7 and 8 thes e re­

sults are presented toget her with t heoretical predictions [
12

•
2
] 

of coher ent 3\ 0
-phot oproducti on energy dependences. The use 

of t otal cross sec tions of charged pions phot oproduction [ 5] 

a s well as of measured hadron and 3T 0

-photopr oduction total 

cross sect i ons a l lowed to calculate the nuclear phot odi s int eg 

rat ion cross section for 12c. The comparison of t his cr oss 

section with t he equation: 
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Nt: ""x 
6= LA 6d 

ex 
.where 6Q is the meson exchange part of the deuteron photodis1 

~ integration cross section, N' t. are the number of neutrons 

I~ I ~I I 
O"\ 

and protons. in nucleus, A = N + t. makes 1 t possible to determin~ 
I!'\ "' 0 

0 "' I!'\ . I I 

°' . . 0 

the Levinger factor L, At E~= 250 t 60 MeV and 320 t JO MeV 
+I 0 0 +I 

we have obtained for carbon L = 15,7 t 1.9 and 11.7 t 1.4 res• 

1~ I ~.I 
t-

pectively, which coincides well with L presented in ref. 13 • 
..... ..... ..... 

0 '<t LC\ 

~. 
. 
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Fig. 1 Diagram of the arrangement of the electron channel ma~-

netic elements. 
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Fig. 2 Diagram of the arrangement of experimental setup. 
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Fig. 3 Electronic logic circuits. 
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Fig. 4 Energy dependence of the total cross section of 91°­
photoproduction for beryllium. 
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Fig. 5 Energy dependence of the total cross section of !Jf 0
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photop!oduction for carbon. 
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photoproduction for oxygen. 
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Fig. 7 Total coherent g\
0

-pho-l;oproduction cross section for 

carbon versus photon energy. 

- - - plane wave impulse approximation (PWIA) 

- ·- • - dis ·torted wave impulse approach ( DWIA) 

- --- "isobar doorm'1y" approximation calculation. 

The shaded region corresponds to the results of this 

paper. Theoretical curves are taken from ref. ~2]. 
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t he ore t i cal c urves to ref. [2] . 'rhe shaded rcr;inn C<Jr-

1·esp on d:; ~o t h e r csul ts obtained i n t hi s Jl l'pcr . 
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