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1. Introduction 

· The photon-nuclei interaction 1n the energy ranqe of (f'l.2-1) GeV takes 

place via the excitation of baryon resonances. In the 6. (3.3)-resonance 

energy region within the ex1stin<i theories of 1sobar-hol1; formalism [1,2] 

and isobar doorwaY model [3] , the photon and pion orocesses are treate(1 as 

unique, supplementing each other. The analysis of the pion-nuclei interac-

tion cross sections within the isobar-hole formalism representation made ft 

poss1ble to obtain for the first time the experimental information on the 

b,. N interaction potent fa 1 [ 4] . This is the reas~n for resuming interest 

at present to the photoproduct1on reactions, ~n particular t~ the g-(
0

-meson 

photoproduction on nuclei 1n the L::i. -resonance enerqy region. Since the 

fifties, the g{ 0 -meson photoproduction on nuclei in this energy region was 

investigated on the bremsstrahlung photon beam with cont-inuous soectrum. ln 

the recent years, they have started the similar investioations with the 

tagged photon beams. In our prev1ous work [s] , we presented the total cross 

sections of the 91° -meson photoproduct1on on Be, C and O nuclei in t he enernv 

GeV w1thout charged parti cles in final state. Tn thi s 
range of (0.25-1.0) 
work we give the new data on the total cross secti on of t he 91 ° -~eson rhoto-

production on Be. C, o·and Al nuc lei in the enerqv ranoe of ( 0.18-0.~~ l GeV. 
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1. Introduction 

·The photon-nuclei interaction 1n the energy ranqe of (n.2-1) GeV takes 

place via the excitation of baryon resonances. In the t:;:,. (3.3)-resonance 

energy region within the ex1stin~ theories of isobar-hol~ formalism [1,2] 

and isobar doorway model [3] , the photon and pion nrocesses are treate~ as 

unique, supplementing each other. The analysis of the pion-nuclei interac­

tion cross sections within the isobar-hole formalism representation made it 

poss1ble to obtain for the first time the experimental information on the 

t:;:,. N interaction potential [4] . This is the reason for resuming interest 

at present to the photoproductfon reactions, in particular to the 91°-ll'eson 

photoproduct1on on nuclei in the t::i. -resonance enerqy region. Si nee the 

fifties, the !n°-meson photoproduction on nuclei in this energy region was 

investigated on the bremsstrahlung photon beam with conHnuous soectrum. ln 

the recent years, they have started the similar investiaations with the 

tagged photon beams. In our previous work [5] , we presented the tot~ l cross 

sections of the 91°-meson photoproductf on on Be, C and 0 nuclei in the enernv 

range of (0.25-1.0) GeV without charged particl es in final state . Tn th is 

work we give the new data on the tota 1 cross section of t he 91° - l"es on rhoto­

production on Be, C, O· and Al nuc lei in the enerriv ranae of ( 0. 18-Q,i;c; ) GeV, 
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obtained on the Yerevan electron synchrotron taooed nhoton beam formed on 

the extracted electron beam (6] . 

2. Experiment 

The experiment was performed on the formed secondary electron beam with 

"'4 10
5 

el. per second intensity and 1.65 GeV energy. The radiator thick­

ness to obtain the tagged photons was 0.01 rad . units. 

The experimental setup used for measuring the total cross section of 

!11'
0

-meson photoproduction on nuclei was described fn Ref.[5]. The o~otons of 

definite energy detected by the coincidence of the signals from the taqo1no 

system counters . and from the shower detector produced 9T 0 -mesons on the 

target placed at the centre of the 49T- detector (s_ee F1g.l). The~~ -

detector consisting of five groups of ~ -telescopes req1stered one or two 

photons from the 9i
0

-meson decay. The experiment loq1cs enabled one to 

·:ieasure the sum of total cross section of neutral nion coherent and fncohe­

·ent photoproduction both with neutron accompaniment and with transition of 

res1dual nucleus to low-eneroy excited states. Thus, our measured ·cross sec­

tion was 

(f: ([ ( ~J1-.A9i0)-t CT(~.A-.A 19T0n)-t CT( IJ.A- .A•fff0 ) 

The exper1mental technique was identical to that descri~erl i n Ref . ' 

The number of 9T 0
-mesons produced per one photon was measured as a ratio of 

the number of coincidences of log1c s1gnals from one of the channels of the 

tagging system with the signals from the 4 9T -detector fn the absence of 

the signals frOl'l the shower detector and the veto counters to the number of 

photons striking the target. 

4 

During the experiment, the background and control measurenients were 

carried out: the determination of the shower detector efficiency', the deter· 

mination of the number of events when one of the oarticles of the electron­

pos i tron pair was registered by the 4 !IT -detector, and the other one by 

the shower detector, the determination of the l evel of accidental coinci-

dences. 

The main part of the electron-positro.n pairs Produced in the tarqet 

passed through the 4 !if -detector hole provided for the passaqe of the 

main g -beam and f t was excluded by the shower detector operatino fo ·antf ­

co1ncfdence with the 4 !ii -detector. The events of the production of elec­

t ron-positron pafrs at large angles when both partic les fell upon the 4 9T -

detector were suppressed by the first layer of count ers of the 4 rrr -de-

t ector operating fn antfcoincidence with the other l ayers . so~e oortfon of 

the electron-positron pa i rs, being n9t registered hy t he antfcoincidence 

counter because of a different from 100% efficiency of the 4 'iT -ctetecfor 

f irst layer, si mulated the · ITT"
0 -meson photoproduction event~ . This oortfon 

was determined by the Monte-Carlo methoc and subtracted fror- the n1easurerl 

value of the 9f0 -meson photoproduction cross section. 

The ST0 -meson detect1on efficiency with account of the qeometric one, 

of t he efficiencies of the 4 Sf -detector scintfl la t ion counters and of the 

photon conversion efficiency versus t~e ~ -ouanta energy and of anoular 

distribution of produced ITT 0 -mesons, was calculated by the Monte-Carlo 

metnod [7]. 

While analysing the obtained cross section results , there were taken intft 

account also the attenuation of the photon beam 1n the afr and target, the 

loss of a number of 91°-mesons when the decay Rhotons transformed into 

electron-positron pairs directly fn the target or fn the first layer of the 

4 9T -detector, and when one of the decay _photons struck the antfcoff!Cfdence 
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shorier detector. 

3. Discussion of the Results 

The values of 91°-rreson photoproduction cross section without charqed 

particles in final state for Be, C, 0 and Al nuclei in the taqged photon 

energy range E II = (180-650} MeV are listed in the table. F1g.2 presents 

our measured carbon cross sections together with our earlier data [5] and 

the results of Bonn analogous measurements [8,9] given in the range 

E ~ = (200-400) MeV . Ref. [s] deals with the data on carbon only: and be­

sides , as a target they employed a scintillator, the signal from which was 

used to determine the coherent and incoherent parts .of the ITT'
0 -rn.eson photo· 

production cross section. In Ref .[9] they used the usual. Be, C, Al, Cu and 

Pb targets. To detect the 51°-mesons they also used the 4 .IT -detector, 

but i n contrast to us , they registered the electron-positron pairs from botlJ 

decay ~ -quanta with a multiwire coordinate,..detector. As one can see from 

Fi g.2 , our carbon res.ults are in satisfactoi.)f 1qreement with those in [9] 

and somewhat exceed the results of [B] in th~ eneroy reriion up to 300 MeV. 

For Be and Al there is also a satisfactory agreement between our results an~ 

those of Ref.[9] . 

Of i ndependent interest is the obtaining of hadron photoproductfon cross 

secti on by adding the charged hadron cross section measured at Bonn [10] 

to ou r measured neutral meson cross section. Ffg.3 shows the hadron photo­

~roduc tion total cross sections on oxygen both in the form of the above­

quoted sum and by adding the ·Monte-Carlo calculated [10] value of neutral 

partic le cross section to the charged hadron cross sections. Ibidem is .rre­

sented for comparison the theoretical prediction, in the framework of 

i mpu lse approximation , of isobar doorway model [11] and isobar-hole forma­

l ' s,·1 [12] . Our total cross sections of hadron photoproductfon are consider-

6 

ably lower than impulse approximation and agree satisfactorily with the pre· 

dictions of isobar-hole formalism. This points out the s1gnificant role of 

the t:. N-inter.action in.the hadron photoproduct1on process 1n the t:. (3.3 ) 

resonance energy region·. 

Estimating by the method described 1n [5] the cross sect1on of the 

meson incoherent pnotoproduction or using the results of a d1rect measure­

ment of this cross sectton [a] , we can obtai n from our measured tota1 cross 

section of ,97°-meson photoproductton the cross section of ITT'
0 -meson cohe­

rent photoproduction. 

Ffgs.4 and 5 show the cross secti ons of 9T 0 -meson coherent pnotoproduc­

tfon on C and o nuclei together with the theoretica l pred ictions, and for 

C - also w1th exper1mentally measured [s] coherent and incoherent cross 

sections. 

One can see that our obtained values are cons iderably l ower than the 

impulse approximation predict1on and higher than the isobar-hole · forma11sm 

prediction. The latter may be conne~ted wtth some i ncoherent admixture tn 

our obtained coherent photoproduction cross sections, due to the fT•-l'e!ons 

accompanied by the transition of t he residual nucleus to the low-energy 

states. 

The next interesting possibility i~ the determination of the cross sec­

tion of the carbon nucleus photodisintegratfon by means of our measured tota J 

cross sections of hadron [13] and of 9i 0
-meson photoproduction and measureH 

at Bonn [14] charged pion cross sections. 

0: ( Y 12 C) = ([ ( "12 C)- ff. (" 12 C - c'sr± !IT") p.d.. . 0 tot 0 tot U ' 

A comparison of thus obtained photodisintegration cross sections with 

the formula from [1s] 

7 



<I. :: L nr. (Lex 
p.d.. .A ct 

. . r,ex 
enables one to determine the Levinger factor ~- llere Vet fs a part of the 

deuteron photodisfntesratfon cross section responsible for the exchange 

currents, n , r. is the number of neutrons and protons 1n the nucleus. 

.R= n+2 
'· ,~ .. 

F1g.6 presents ·the fac_t6~l ·J!'n~rgy dependence taken from Ref. [15]. It 
- ., ' ·· ·' · . 

is seen that our obtained value$' of l for carbon are in good agreement with 

the recent re·sults. 

In conclusfon the authors would like to express their 9ratftude to · 

A.Ts.Amatuni and H.H.Vartapetyan for their interest in the work, to T.A.l\hi­

pyan, V.M.Aslanyan,A.R.Voskanyan, K.T.Darbinyan, A.0.'<Pchechyan, c;.r..'ii­

monyan, S.R.Shakhazfzyan and Sh.K.Shiroyan for their assfstancP fn the work, 

and also to the accelerator staff for providing with the beam. 
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A general diagram of the experimental setup. 

R2 - radiator, M3 - tagging system magnet, VC - vacuum 

chamber, A, - A4 -veto counters, T
1 

- T
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-

tagg1ng system counters, Q - quantometer, PC - multiwire 

proportional chamber, HO - 4gr -detector, m - target, 

Pb -lead converter, X1 , X2 - scintillation counters, 

SD - shower detector. 
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Fig.2. Energy dependence of total cross section of 9T 0 -meson 

photoproauction on carbon. 

• · - our results, o - Yerevan-83 [s] , 
"' - Bonn [a], 

lJ. - Bonn [9]. Dashed curve - the sum of cross sections 

of 97°-meson coherent and incoherent photoproduction [9]. 
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Fig.3. Energy dependence of total cross section of hadron photo­

production on oxygen. 

o - the sum of cross sections of photoproduction of 

9i
0
-mesons (our results) and charged hadrons [10], 

+ - charged hadron cross section [10], • - the sum 

of charged and neutral cross sections. Neutral hadron 

cross section is calculated by the Monte-Carlo method [10] . 

Curves taken from Ref.[11] correspond to: dash-dotted -

to plane wa·ve impilse approximation, dashed - to the isobar 

doorway model, dotted - to isobar-hole formalism. 
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9T 0
-meson photoproduct1on on carbon. Also total 
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photoproduction are given. 

•, o - cross sections of coherent and total 

photoproduction of 9i0 -mesons, respectively 

(our results), •, +
1
.A- the _values of the Bonn 

group [a] for coherent. incoherent and total cross 

sections of 91°-nieson -photoproduction, resoectively. 

Curves taken from Ref.[8] correspond to: dash-dotted 

and dotted - to isobar-hole formalism for the cross 

section of 9T0
-meson coherent photoproduction with 

and without account of spreadin~ potent.fal, respectively, 

solid - to the isobar doorway model for the cross 

section of 9T 0
-meson coherent photoproduct1on , 

dashed - to impulse approximation for the total cross 

section of 91°-meson photoproduction. 
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