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The experimental results of the measurement of total hadronic photopro-

duction cross section in 9Be, 1zc, 160, &4

Cu aucled for the photon energy

range {(0.25-2.7)GeV have been obtained for the first time using the photon
tagging system and hadron detecters overlapping the solid angle of ~ 477 .
The results are compared with fhe current data on total hadmnié photopro-

duction cross section for the energy up to 400 MeV and above 1.5 GeV,
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Introduction

Measurements of total hadronic photoproduction cross section in nﬁcTei
in. the energy range (2-180} GeV [1] corroborated the hadronic properties
of the photon Interaction with matter, being one of the main arguments in
favour of the vector dominance mode‘!. The study of thej hadron photoproduc-
tion in nuclet in the photon enerdy range (0.25-2} GeV is interesting for
in this range the interaction of photons with nucTei occurs due to excita-
tion of bound nucleons in nuclei and formation of barvon resonance states,
The investigations of total cross sectfons in A resonance energy region
allow one to get information on A N interactfon {2] . The values of to-
tal cross sections in the energy range (0.5-2) GeV-supplement the available
results in Tow [3] and high [1] enerqy regions. That will permit one to
control tﬁe sum rule of Gell-Mann - Goldberger - Thiring [4] as well as ob-
tain information on 'E‘N' interaction behavi@r for the region of

% 1000 GeV [5] . These results permit one to derive Information also
on nuclej static characterfstics, such as the electric and magnetic polari-

2abiTity of nuclei and so on [6] .




The values of photoaf:sorption total cross sections in Li and Be nucltei
in the energy region up to 350 MeY are obtained at Mainz [7] by the beam
attenuation method. Total cress sections in B, B, He, C, A, Ni, Mo, M
cnuclef in the ener'-éy region from the pion production threshold up to 506 MeV
- are_obta_!ne'd at the Kharkov e‘lect.roproduct‘lon experiment at low transferred
- momenta {8] . The photoabsorption cross sections in H and D in the energy
range (0.26-4.2) GeV are measured {9 10] by the method generally employed
at high energies, 1.e. using tagging system for producing monochromatic pho-
o tons and their monftoring as well as hadron detectors for recording the
1nteraction events By the analogous method there has been measured the to-
- tal cross section of charged particles preduction { P, J!' } in nuclet in
the energy range (215-380) Me¥ [11] . 8y a somewhat different means there
.'has been measured the photoabsorption total ¢ross section in carbon in the
first resonance energy region [12] .
We report for the first time the experimental results of the total hadro-
- -nic photoprodpction cross .seetion in Be, 1z(:. 16 6 Cu nuclef for the pho-
U'_."ton energy rangé (0.25-2, 7) GeV. The data are"obtained using the generally

femp'loyed taggfng s_vstern as wall as hadronic detectors oveﬂapping a solid

o ':."ang'le of ~AJT

' ‘1.‘. 'Ex'per‘iménta'l S_etubf""

; The nieasur‘ei’nents of. ihe' total -hadronic photoproduction cross section in.
‘.9

lzc 320' 64(111 nuc‘lei are carried out us'lng the tagged photon beam of

: "the Yerevan acceierator e1ectron channel (see Fig.1).

Extracted eiectrons of 4 5 Ge\' pr'lmary energy, ~ 105 " per second in-

: tens‘lty aﬂd 1 mrad angular divergence produce bremsstrah]ung photons in a

: Q‘_.oz_l_r_x th'lck rad'lator R (X, is radiation length). The tagging system “ho-



doscope-(Fig.2) overlaps the energy range (0.2’5-2.7) GeV.. The p_rodoced beam -
of tagged photons being ~ 1 cm in Liameter strikes 'the‘ltarge-t m suri*ounded'
with hadron  detectors. The hadronic detectors oveﬂapping e seiid anq'le
of ~ 4 37 - consist of five groups of scintillation counters. Each group
.co.nsists of a lead sheet ~ 1.5 Xo thick and thoee scin_tﬂ'lation counters
tn cofncidence. A group. of hadron counters placed across the {‘ -beam has .
a ~ 12 cm diam hole for the passage of both non-fnteracted phctcos and
the main part of electren-positron prairs produced in the target.'

A sh'auec counter presents a lead-scintillator sandwich 20 )_('o. thick
and effective area (30 x 30) em?, 1t serves for recarding both._ non'-inte_ract-‘ :
ed in the target phbtons and electron-positron pairs produced; A quahtameter -
Q is employed to detect the main beam of electrons non-iotera_cted ina ca-_
diator R. The.quantameter rea.d'lng monitores the intensity of the e;_(tractec'
electron beam, ' o -

Yeto counters (A1 - A;. } are used to suppress the beam halo effects and
trident events in the radiator. '

The electronic 'Iogic c'lr‘cuit 'Is shown in Fig 3.- :

2 . Measurement P‘rocedure :

The measurements are carried out for 9Be, .12 HZO 64Cn targets 0 1 Xy _ _
thick and 5 om in d1ameter. _The number of events of hadron production per
photon is measured That corresponds to the coinc1denee of logic sigmls S
from one of the t&gging system channe1s with those from hadron - detectors
_(signa!s from the shouer couoter and veto ones being absent) divided by the-. ‘
nurrber of photons measured by the coincidence of logic signa'is from one of B
_the tagg'lng system channels w'lth those 1l"rom the shouer counter (SC)

Yo determine the 5C 1nefficiericy 2 (10 x 15) cm scintﬂlation counter




"X is placed '_in front of SC in the way of a direct photen beam (see Fig.2)
The 5C inefficiency 1s determined by measuring the number'of coincidence of
signals from one of the tagging system channels with those of counter X",
the SC signals bei n§ absent, divided by the number of threefold cofncidence
of all these signals.

The number of producéd in the target electron-posftron pairs per pﬁoton
striking the hadron detectors and stimulating hadron photoproduction eventy
1s determined as a threefold coincidence of logic signals from sc; hadron
detectors and one of the tagg'l ng system channels. Such a measurement with
respect to the 5C Tnefficfency makes it possibie to estimate our recorded
portion of electromagnetic events together with the hadron production real
number. A1l the above-mentioned measurements are carried out also for the
enpty target. During the whole experiment the 1eve] of accidental coincide e
is regularly measured by introducing an additional strobe signal delay.

3. Data Anmalysis

The total hadronic photoproduction cross section is calculated by the

formula

&, (¥A) =7 o

tot

.

where M is ‘the numBer of hadron-producing photons; N 1s the number
of incident photons; N, is the number of target nuclei per unit area.
When analyzing thé; data the folliowing factors are talfen into account:
1. Correction due to §' -beam attenuation in the air and targets is
(1-1.5)% and {5-7)%, respectively. _
2. The efficiency of photon detection by the shower counter 15 (57-98)%.

3. The contribution .'of hadrons produced in the solid ang1e caused by the



hadron detectors hele is (1-5)%, versus photon energy.

4. Total efficiency of hadron detectors amounts to ~ 90%. .

5. The hadron detectors geometric efficiency amounts to ~ 90%.

6. The contribution of muitiple bremsstfah'lung in *he 0.021 xo thick ra-
diatorlat 2 100 MeV threshold of photon detection by the shower

counter is ~ {2-8)}%, versus photon energy.

~
.

The efficiency of neutral pion recording by a hadron detector for a
0.8 c¢m thick lead sheet averaged over angigs of particles. entrance
into the detector amounts to ~ (60-90}%, versus I J° -meson ener-
gy. The efficiency correction for JTo-meson recording by hadron
detectors 1s (8-2)% taking into account the fact that the neutval

pion portion in the total cross -sect'ion amounts to ~ 20%.

4. Measurement Results

Thé \;a'lues of total hadronic photoproduction cross section§ thus obtained
for 9Be, 12c N HZO, 64Cu targets in the tagged photons energy range
(0.25-2.7) GeV are listéd in Table 1.

The energy dependence of total hadronic photoproduction cross section
in carbon is shown in Fig.4 together with the energy dependence of the sum
of photonucleon cross sections [8] . Ibidem are given for comparison the
experimental data obtained at Kharkov [8] , Bonn [11] in the energy re-
gion up to 400 MeV and at DESY [1] in the energy region above 1.5 Gev.

Fig.5 1illustrates the energy dependence of total hadronic photoproduc-
tion‘ ¢ross section in gﬁe together with the results derived at Boan [11]
and DESY in the energy region up to 400 MeY and above 1.5 GeV , respective-

“ly.

Fig.6 shows the values of total hadroric photoproduction cross section




in H,C in the p!oton energy range {250-700) MeV. Ibidem are given for compa-
rison the results obtained by summing the total cross sections of Ir-meson
‘ photenreduction in 160 measured by us and those of.chargéd hadrons in Ha0
peasured at Bonn,

Fia.7 gives the values of total hadronic photoproduction cross sectien

in %9 gerived from our data with HZO using the total hadronic photoproduc-

tion cross section in proton {9] . Ibidem are given for comparison the
Berh evperioental resuits [11] together with theoretical calculations within
e framework of A -hole moded [2] .

Fi7.8 shows the values of total hadronic photoproduction cross section

in conrer together with the Cornell results [1] .

The authors are tndebted %o A.Ts,Amatuni and H.A.Vartapetyan for their
ihterest in the work. and thank I.A.Hakopyan, K.K.Mkrtchyan, A.G.Movsisyan
Sh o K.Shiroyan, S.O.TatevdSyan A.R.Yoskanyan for assistance in the work, ane
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Table 1. Total Hadronic Photoproduction Cross Section

£ + £ | 250} 320 | 460 600 710|890 e {1zao {1370 [1530 | 2260 | 2700
Mey )
Target 60 +30 +50 £50 +50 190 By +90 +90 96 | £100 +100
99 3.69| 4.13] 3.11] 2.45} 2.5 [ 1.7 1.41 ] 1.10 | o.61 | o0.88{ 0.83 -
e ‘ .
20,21 0.38] 022 | sn17] 0,18 |s0.16 | +0.20 | £0.12 | +0.18 | +0.20} :0.11
N B N e
2 4.15| s5.67F 4.02 | 2.56f 1.86 | 1.49 1.45 1.36 | 1.65] 1.47 1.15
Iy ' -
AT | +0.33] «0.33 | +n.44] 046 [:0.48 | 021 .26 | +0.1 | «0.15 ] 20.11
612] ¢.7¢] as2 | a.71] 2.m
Hzﬂ . - - - - - - -
eo1at oen 21| npe | cn2s] e
o1 29 7| »ez | 242 17.1] 129 1.2 8.67 7.1 | 439 ?.9¢
' el o2es| osl rnd or2) oerer | 1 s1.4 | s2.30 | +1.76
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