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Measurements of total hadronic photoproduction cross section in nuclei 

in the energy range (2-180} GeV [1] corroborated the hadronic properties 

of the photon interaction with matter. befng one of the main arguments in 

favour of the vector dominance model. The study of the hadron photoproduc­

tion tn nuclei in the photon energy range {0.25-2) GeV is interesting for 

in this range the interaction of photons with nuclei occurs due to excita­

tion of bound nucleons in nuclei and formation of bar,on resonance states. 

The investigations of total cross sections in b. resonance en·ergy region 

allow. one to get 1nfonnation on 6 N interaction [2] . The values of to­

tal cr'?ss sections in the energy range (0.5-2) GeV·supplement the available 

results in low [3) and high (1) energy regions.· That Will permit one to 

control the sum rule of Gell-Mann - Goldberger_- Thirfing [4] as well as ob­

tain infornet1on on lN interaction behaviour for the region of 

~ 1000 GeV ts] . These results penn1t one to derive infonnation also 

on nuclei stat1c characteristics. such as the electric and magnetic polar1-

zab11fty of nuclei and so on [6] . 
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The values of photoabsorption total cross sections in l:i and Be nuclei 

in the .energy region up to 350 MeV are obtained at Mainz £7) by the beam 

attenuation method. Total cross sections in H, 0, He, C, Al~ Ni, Mo, W 
( 

nuclei in the energy region from the pion production threshold up to 500 MeV 

are .obtained at the Kharkov e'lectropr.oduct1on experiment at low transferred 

momenta [s) . The photoabsorption ci"'SS sections in H and 0 in the energy 

ran~e (0 .. 26.;.4,2) GeV are measured [9, 10) by the method generally employed 

at· high energies,- i.e. using tagging system for producing monochromatic pho· 

tons and· their monitoring as well as hadron detectors for recording the 

1_1'1teract1on events. By tht analogous method there has been measured the to-

• 
tal ·cross section of charged particles production ( P, JT- ) in nuclei in 

the energy range (2l5-3SO) MeV [11] . By a somewhat different means there 

has been measured the photoabsorption total cross section in carbon in the 

first resonance energy region [12] . 
We report for the first time the experimental reswlts of the total hadro-

9 lZ 16 64 
nic photoproduction cross section in Be~ C, 0, Cu nuclei for the pho ... 

ton ene_rgy range {0.25-2.7) GeV. The data are vbtained using the generally 

employed tagging system as well as hadronic detectors overlapping a solid 

~ngle of ~4Jr . 

1:. EXperimental Setup 

The ~sureinents of the ·total hadron1c photoproduction cross sect1on in 

9se, 12c~.-~9, 64cu nuclei- are carried out using the tagged photon beam of 

.the -Ye-revan _accelerator· elec-tron channel {see Fig.l) . 

. EX·t~cted electrons of .4.5 GeV primary energy ....... 105e~ per second in­

tensity and 1 rllrad angular divergence produce bremsstrahlung phO;tons in· a 

p,;-ozl X0 'thick rad1a_tor R (X~ is radiation length}. The tagging system ho~ 
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doscope·(Fig.2} overlaps the energy range (0.2'5-2.7) GeV. The prcxlue:ed beam 

of tagged phOtons. being ,.., 1 ~m in t..:iameter strikes the target m ~urroundeC 

with hadrOn Uetoctot'S. lhe hadronic detectors overlapping a srlid angle 

'Of ~ 4 Jr consist of five groups of scintillation counters. Each group 

.consists of a lead sheet 1.5 X
0 

thfck and th:ee scintillation counters 

tn eofncfdence. A group. of hadron counters placed across the f -beam hos 

a -v 12· em diam hole for the passage of both non-interacted photons and 

the main part of electron-positron pairs produced in the target. 

A shower counter presents a lead-scintillator sandwich 20 x0 thick 

and effective area (30 x 30) cm2• It serves for recording both non-interckt­

ed in the target photons and electron-positron pairs produced. A quantameter 

Q is employed to detect the main beam of electrons non-interacted in a ra­

diator R. The quantameter reading monitores the intensity of the extracte~ 

el,ectron beam. 

Veto counters (A1 - Alt } are used to suppresS the beam halo effects and 

trident events in the radiator. 

The electronic logic circuf~ is s~own in Fig.3. 

2. Measurement Procedure 

The measurements are carried out for 9se, 1 ~c\·52·0~ 64cu tai-get,s 0.1 X
0 

thick and 5 em in diameter. The number ·of eVents of ·hadron production. per 
. . . 

photon :fs measured. That correspondS .to the_ coinddenqe. 6-f ";logic signal·s-

frOm one Of the tagging system· cha~nels with thOse· ·from. nactr.Oh detectors 

. (s19nals .fronf the .. S.hower' COunter and V"E:!to ones be·ii'lg ·absertt). divide-d by· the 

nuntler of photons measured ~Y th~ ·coincidence of _logic si.~n"'Ts· .from .one_-Of 

i:he ·tagging ·system cbanneis with thoSe from the sh.QWe~ Counter .(SC).· 

To detenntne the sc inefftdency a ("tO _,c:lS) cm2 sdntilla~·ion counter 
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11 X" is placed in frorit of SC in the way of a direct photon beam (see Fig.2: 

The SC inefficiency is detennined by measuring the number of coincidence of 

signals from one of the tagging system channels with those of counter ux", 

the SC signals being absent. divided by the number of threefold coincidence 

of all these signals. 

The number of produced in the target electron-positron pairs per photon 

striking the hadron detectors and stirrulating hadron photoproduct1on event~ 

is determined as a threefold coincidence of logic s1~na1s from SC, hadron 

detec"tors and one of the tagging system channels. Such a measurement with 

respect to the SC inefficiency makes it possible to estimate our recorded 

portion of electromagnetic events together with the hadron production real 

number. All the above-mentioned measurements are carried out also for the 

empty target. During the whole experiment the level of accidental coincfd( 1CS 

is regularly measured by introducing an additional strobe signal del~. 

3. Data Analysis 

The total hadronfc photoproduct1on cross section is calculated by the 

fonoola 

where M is "the number of hadron-producing photons; N is the number 

of inciden·t photons; N,_. is the number of target nuclei per unit area. 

When analyzing the data the following factors are taken into account: 

l. Correction due to f ·beam attenuation in the air and targets is 

(1-I.S)S and (5-7)%, respectively. 

2. The efficiency of photon detection by the shower counter is (97-98)%. 

3. The Contribution .of hadrons produced in the solid angle caused by the 
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hadron detectors ho~e is (1-5)%~ versus photon energy. 

4. Total efficiency of hadron detectors amounts to ,.,.; 90"~. 

5. The hadron detectors gec:xnetric efficiency amounts to 'V 90%. 

6. Th~ contribution of multiple bremsstrahlung in ~he 0.021 X
0 

thick ra­

diator at a 100 MeV threshold of photon detection by the shower 

counter is ,..., {2-6}'%, versus photon energy. 

7. The efficiency of neu~ral pion recording by a hadron detector for a 

0.8 em thick lead sheet' averaged over angl~s of particles entrance 

into the detector amounts to "" (60 -90)%, versus JT 0 -meson ener-

gy. The efficiency correction for 
0 

JT -meson recording by hadron 

detectors 1s (8-2)% taking into account the fact that the neutral 

pion portion in the total cross section amounts to ~ 20%. 

4. Measurement Results 

The values of total ha<!ronfc photoproduction cross sections thus obtained' 
9 12 64 

for Be, C, H
2
0, Cu targets in the tagqed photons energy range 

(0.25-2.7) GeV are listed in Table I. 

The energy dependence of total hadronic photoprc.duction .cross section 

fn carbon fs shown fn Fig.4 together with the energy dependence of the sum 

of photonucleon cross sections [s] • Ibidem are given for comparis_on the 

experimental data obtained at Khark.ov [8] • Bonn [n} in the enerqy re­

~ion up to 400 MeV and at DESY [1] in the energy re!Jion above 1.5 GeV. 

Fiq.S illustrates the energy depende~ce of to~al l'tadronic photoproduc-
' 0 

tion cross section in Joe together with the re5ults derived at Bonn [11] 

and OESY in thoe energy region up to 400 Me'/ and above 1.5 GeV ~respective· 

ly. 

Fig.6 shows the values of total hadror.ic phOtoproduction cross section 
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in H2o in the p! oton energy range (250-700) MeV. Ibidem are given for compa­

rison the results obtained by surrrning the total cross sections of Jl"c.·meson 

16 
pnotoproduction in 0 measured by us and those of charged hadrons in H2o 

rr.i;'asured at Bonn. 

Fiq.7 gives the values of total hadron1c photoproduction crDss section 

in 160 ~erived from our tlata with H
2
o using the total hadron1c photoproduc­

tion cro!is section in proton [9] . Ibidem are given for comparison the 

i.itrdl ~>:per-i .. ;~<"•to.l results [11) together \'lith theoretical calculations within 

tile framei·Jork of 6. -hole model (2] . 

Fi.J.8 sh01·:s the values of total hadronic photoproduction cross section 

in conr.er to~ether l'lith thr- Cornell results [1) . 

ihe authors are indebted to A.Ts.Amatuni and H.A.Vartapetyan for their 

ihterest in the \'/Ork. and thanK I.A.Hakopyan. K.K.Mkrtchyan, ~.G.Movsisyan 

Sh K.Shiroyan. S.O.Tatevosyan A.R.\Ioskanyan for ass1stance in the work, ana 

a1sc t•1e accelerator staff for' providing with a beam. 
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E ± E 
MeV 

Target 

9 Be 
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H20 

64 

Table 1. Total •ladronic PhotoprOduction Cross Section 

_:_:: 1_::; __ 
4.131 3.11 

600 

:t50 

710 1890 1060 

t9C 

2.45 

±50 F90 
----- -- ·-.. ·-~ -~-

2.15 1.70 1.4i 

1230 

±90 

1.10 

250 

±60 

3.69 

1370 

±90 

0.61 

1530 2260 I 2100 

0.88 

±lOOj ±100 
------ ------

0.83 

_t90 

±0.231 ,0.361 ~n.n 1 tfl.171 ±0.16 I±O.t6 ±0.20 I ±0.14 I +0.18 I f_o.2o I ±0.11 

----·--- -·---

4 .15 5.67 4.02 2.56 1.86 1.49 1.45 

_,n.nJ t0.33l t0.33 I ~'l.44l ~".46 !~0..48 !-0 .21 
--- ---

6 12 6.7' I 4-"2 1.71 2.01 

·C.141 ~n2tl·r.2fli·0.?.51 •!"!.21 

29 7 I :'"' 2 /4.2 11 .l I 12.1 'J.2 8.67 

'7 .r. 2 _ggl .... ~ .1 I I .2 •1.21 I _-1.3.-! 

+-- -
1.36 1.65 

--- -1-- ~---
1.47 I 1. t6 

•0.26 I ·0.1 I •0.15 ±0.11 

7 .I 4.39 

~ 1 ·" I _+2 .Jo 

2.9£ 
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Fiq.l. Diagram of the arrangeH.ent of the electron channel ma!=lnetic 

elements. 
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Fig.~. Arrangement of the experimental setup. 
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Fig.3. Electronic logic circuit. 
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Fig.4. Energy dependence of the total hadron1c photoproduction cross 

section in r.arbon: 

2 - our results 

! - Kharkov [a] 

l - Bonn [11] 
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Fig.5. Energy de~endence of the tota1 h~rlronic ~hotorroduct~or cross 

sectiC'n in 
9
se: 

2 - e-ur results 

! - Bonn (11] 

i - DESY (1) 
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Fig.6. Energy dependence of the total hadronic photoproduction cross 

sect1 on in H20. 
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