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LINTRODUCTION. 

The aim of this work has been to gain insight in the physics of the gamma­
quanta emission process in hadron-nucleus colljsions; first of all, the relation 
between' characteristics of the gamma-quanta and 'of the parent neutral pions 
produced in the collisions is studied here experimentally. This work is a conti­
nuation of our paper on the characteristics of the parent neutral pion production 
process in the n.uclear collisions I 1 ). 

Similarly, as in the previous work ( 1 ), we prepared the characteristics of the 
gamma-quanta emission process in dependence on how much 'the target nucleus 
in the hadron-nucleus collision is involved; the multiplicity n of the protons 

p . 
emitted from the target nucleus indicates it well enough (2 ). 

We hope that the results obtained in this work will be useful for the astro­
physics and for the gamma-astronomy as well - in particular, as a physical 
basis for adequate methods. 

2.EXPERIMENT 

The xenon bubble chamber (3 ), built as the rectangular parallelepiped of 

104x40x43 cm3 volume, without magnetic field, has been used in this ~xperi­
ment. The chamber is practically 4n solid angle detector recording produced 
PiO mesons with the efficiency near to 100% at the total diapason of their kine­
tic energy values, starting from O MeV. The beam and exposure, and all the 
experimental procedure - scanning and measurements especially, are descri­
bed in detail in our previous work ( I ). 

A sample of the 6301 pion-xenon nucleus collision events with any number 
of secondaries forms experimental basis of this work. 

3. EXPERIMENTAL DATA 

In the sample, the 6301 pion-xenon nucleus collision events satisfying the 
scanning criteria were recorded on about 80000 chamber photographs; total 
number of 10634 gamma-quanta were recorded and 3584 neutral pions were 
identified. The energies and emission angles of every of the quanta were mea­
sured; the minimum value of the energy of the gamma..:quanta registered with a 
constant efficiency, amounts about 5 MeV. The accuracy of estimation of the 
emission angle is about 1 °; and of energy measurement (4,5 ), is 5-12%. ·. 



Below, the multiplicity n , or the gamma-quanta emission intensity, energy 
y 

E and momentum P spec-tra, and the angular distribution of the emitted quan-
Y y 

ta are presented. Additionally, information about PiO production will be con-
fronted to the information about gamma-quanta emission, appearing in decay­
ing the produced PiO mesons. 

3. L Intensity of the Gamma-Quanta Emission 

Tpe gamma-quanta .multiplicity ny in any of the hadron-nucl~us collisions 

characterizes the gamma-quanta emission intensity. In fig. I, then distribution 
, , y 

N /"i:.N is shown, as obtained experimentally; not any corrections for ,the quanta 
registration efficiency were involved'. From this distribution, it can be concluded 
that the gammas are ·ejected in even numbers - two or four gammas per col­
lision event are ejected predominantly and, therefore, simple correlation of the 
pairs of gamma-quanta into effective mass m : 

. · Y;Y; 

m2 = 2E E (l - cos 0 ) 
Y;Y; Y; Y; Y;Y; 
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Fig. I. The _distribution N /'"J:.N of the multiplicity Fig.2. The distribution of the values 111 of effec-
11, or intensity. of gamma-quanta which the live masses, Eq.(I), from pairs of' gamma­
;i-Xe collisions at 3.5 GeV /care accompanied quanta ejected in n-Xe nucleus collisions at 
by; not any corrections for the quanta registration 3.5 GeV /c. "£.N - total number of events 
were involved 
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Fig.3.The proton multiplicity "P' cir intensity, de­
pendence of the mean multiplicity (11Y ), or inten­
sity, of the emitted gamma-quanta, in the pion­
xenon collision reactions - in the classes of . 
eventswith11 =0,1,2,3, ... ;D/(11 )-thenor-
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5 may be performed, where E and E 
~ ~ n . 

are energies of an i-th and j-th of the ~ 2 

10 

two gamma-quanta i = j" 0 , is the · Fig.4. The dependence of the mean multiplicity 
. ' ' y. y. • (11 ) of the emitted gamma-quanta on the multi-

angle between the emission di;cctions plicity 11 + of the Produced pions 
. n!! 

of the gammas. 
The distribution of the m effective mass values is shown in fig.2. It is 

Y;Y; 

evident from this histogram that the gammas are predominantly from the pro­
duced PiO mesons decays - the'peak within about 80-180 MeV values; very 

.·' :. 
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small admixt~re is presented from 11° decay into four gammas, in the final state 

(6 ); the admixture of the 11° decaying into 2 gammas is less than about 5%. In 
fig.3, the dependence of. the mean multiplicity (n ) of the emitted gamma-

' y 
quanta on the intensity, or multiplicity, n = 0, 1, 2, 3, ... of the emitted target 

' - p 

p~otons is shown; D/(n ) - the normalized dispersion Din dependence on n y p 

is presented, as well, for n+ Xe collision reactions at 3.5 GeV /c momentum. 
The dependence of the mean multiplicity (n ) of the emitted gamma-quanta 

y ' 

on the multiplicity n + of the produced pions is presented in fig.4. 
: . n.!! 

3.2. Energies and Momenta of the Emitted Gamma-Quanta 

The mean energy of the gamma-quanta is E = 160 ± 11 MeV, and it is 
y ' ' 

exactly equal to one half the mean kinetic energy of the produced parent neutral 
pions 11 ), for all the pion-xenon nucleus collisions events al3.5 GeV /c momen­
tum. The energy depends on the multiplicity of the em,itted target nucleons, in 
particular, on the emitted protons; the values Er are falling down with the 

increasing of the multiplicity n P = 0, I, 2, 3, ... 2:: 9 of the emitted protons - as 

it is shown in fig.Sa. Similarly behave themselves the mean longitudinal momen­
tum P and the mean transverse momentum P .t' fig.Sb and Sc. y11 y 

The mean values of the energy are from about 175 MeV, at nP 2: 0, up to 

about 130 MeV, at n
0 

= 8; the values of the longitudinal momentum are from 
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Fig.5. Mean energy Er, mean longitudinal momentum Pyll' mean t~ansverse momentu~ Py.1 
of the emitted gamma-quanta, in the classes of pion-xenon nucleus collisions with various 
num.bers 11 . = O, I, ... of the pmtons emitted froni the target ·nucleus .. 
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about 100 MeV / c, at n · 2: 0, up to about 25 MeV le, at n = 8; the values of the p . p 

transverse momentum are from about 150 MeV /c, at n 2: 0, up to about - ' . p . 

80 MeV /c, at· n = 8. p 

3.3. Angula~ Distributions of Gamma-Quanta· 

The mean value of the cosine of the gamma-quanta emission angle e is • y ' 

(cos e ) = 0.4172; the value for the parent neutral pions is (cos e o) = 0.4527, 
y ,·, j[ ' ' 

+ 

and for the n9 pions it is (cos en Q) = 0.5569. 

· The mean value of the cos e depends on the number n = 0, 1, 2, 3, ... of 
. ' y . ' p ,-

the protons emitted from the target nucleus, table 1; then -dependence of the 
' p 

(cos e ) is similar to the n. -dependence of the (cos e o) - for the paren~ n° y p j[ 

· mesons, table 2. 
- ' 

In table 3, the mean values of 0 , 0 o and en it emission angles are confron-
. ', y j[ -

· ted mutually - for comparison. 
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Table I. Mean values (cos Oy} of the cosine of the gamma-quanta emission angle Oy, 
in events with various multiplicity Op= 0, I, 2, ••• , 8, 9 .1:: _0, 

{n the sample of pion-xenon nucleus collisions at 3.5 GeV /c momentum 

Entries All channels (cos By} r.m.s. Skewness Kurtosis 

2093 2172 0.5952 0.4767 -1.1541 1.536 

2052 2152 0.5159 0.5032 -1.242 0.5639 

1708 1799 0.4362 -0.5346 -0.9747 -0.1087 

1371 1444 0.3875 .0.5579 -0.8657 -0.3850 

990 1049 0.3061 0.5746 -0.6538 -0.7766 

. 932 1016 0.3132 0.5523 -0.6157 -0.7625 

664 709 0.2147 0.5923 -0.4136 -1.054 

389 414 0.2399 0.5773 -0.5133 -0.9475 

230 245 0.1214 0.5830 -0.2194 -1.131 

205 218 0.0569 0.6033 0.0386 -1.363 

10634 11220 0.4172 0.5518 -0.9178 -0.3051 
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Table 2. Mean values {cos 8 o) or the cosine or the :re° meson emission angle, ,. 
in events with.various multiplicity np = 0, I, 2, •.• or the protons 

emitted from the target nucleus in n-xe collisions at 3.5 GeV /c momentum 

Entries All channels {cos 8,.0) r.m.s. Skewness Kurtosis 

711 770 0.6378 0.4392 -1.642 1.937 

682 753 0.5596 0.4702 -1.384 1.063 

' 574 641 0.4650 0A959 -1.055 0.2434 

472 523 0.4350 0.5237 -1.039 0.1098 

334 379 0.3835 0.5225 -0.7831 -0.5005 

310 . 374 0.3388 0.5382 -0.5879 -0.7265 

238 272 0.1930 0.5771 -0.2825 -1.100 

128 147 0.2175 0.5703 -0.4917 -0.8780 

70 79 0.2158 0.5880 -0.4018 -1.289 

65 74 0.0566 0.6108 -0.1678 -1.179 

3584 4011 0.4527 0.5249 -0.9957 -0.0654 

. ·o + 
Table 3. Mean values or the emisson angles 8 or n!! mesons, n° mesons 

• and gamma-quanta inn-Xe nucleus collision events with various multiplicities 
np = · 0, I, 2, 3, ••• or the protons emitted rrom the target nucleus 

{8~) (8~Q) 
0 

np (Ono) 

0 53 43 50 

I 59 49 56 

2 64 55 62 

3 67 59 64 

4 72 61 67 

5 71 65 70 

. 6 77 67 78 

7 76 67 77 

8 83 69 77 

~9 86 15 86 

2: 0 65 56 63 
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4. CONCLUSIONS AND. REMARKS 

Let us sum 1-!P the main results obtained in this work. It should be concluded 
that in pion-xenon nucleus at 3.5 GeV /c momentum: 

. 1. Practically all the emitted gamma-quanta are emitted in eyen numbers 
- n = 2, 4, 6, 8; some of collision events - in about 40% - are without secon-Y . . 
dary PiO mesons, fig. I. 

2. The gamma-quanta are predominantly from then° meson decays into 2 

gammas; only 'Y/o are additional, but very rarely, represented source - in less 
than about 5% of the population, fig.2. · · 

3. The mean multiplicity (n ) of the emitted quanta changes with the multi-, y . 

plicity nP of the target protons emitted in a collision. This multiplicity increases 

from about (n ) e l.6 at n = 0 up to about (n ) = 2 at n = 2, and it is falling y p y . p 

down at larger values n > 2 - up to about (n ) e 1.6 at n = 4; it increases up 
' p . y p . . 

to about' (ii ) e 1.8 at n = 5 and it is falling down starting from this point up to 
y p 

(n ) = 0.9 at n ~ 9, fig.3. y . p 

Such behaviour of the (ny) dependence on nP repeates qualitatively the be-

haviour. of the parent n° mesons multiplicity (n,;;o) in dependence on n~, as it 

can be concluded from corresponding fig.4 in our previous paper· 11 ). 
4. Simple relation between the mean multiplicity (n ) and the multiplicity 

)' 

nnQ of the produced pions is stated experimentally: 

(ny) = jn11Q, (2) 

in fig.4. 
5. The mean energies E

1
, mean longitudinal momenta P

111
, and mean 

transverse· momenta Py 1. of the emitted gamma-quanta decrease with increasing 

of the multiplicity n of the protons emitted from the target nucleus in the 
p 

hadron-nucleus collision reaction, fig.5. 
Qualitatively, similar behaviour is observed in corresponding dependences 

for the parent neutral pions, sec figs.5, 9, and 12 in our former work ( l ). 
6. Angular distributions of the emitted gamma-quanta arc very similar to 

those distributions for the parent n° mesons. In order to reveal a possible in­

fluence of the n° meson production on the nucleon emission from the target 
nucleus, appropriate dependences of the nucleon, or proton only, emission cha-

7 



racteristics on the multiplicity n of the emitted gamma-quanta should be ob-
- - y ' 

tained and analysed in our next work. The characteristics of the target nucleon 

emission on the multiplicity of the produced n° mesons, · n
7
c° will be analysed 

as well from the point of view in question; instead of the characteristics of the 
proton emission on the multiplicity of n o, the dependences of the proton emis-

n -

sion characteristics on the multiplicity n11!i migh_t be used ... 
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CTpyraJihCKttii 3. u AP- El-93-419 
XapaKTepttCTHKH npou.ecca ucnycKaHH51 raMMa-KBaHTOB 

B MepttbIX CTOJIKHOBetttt51x n- + Xe npn 3,5 f3B/c 

XapaKTCpHCTHKH npou.ecca ucnycKamrn raMMa-KBaHTOB: HHTeHCHBHOCTb 
ncnycKaHH51, 3HepreTttlleCKHe H yrJIOBble cneKTpbI, HMTIYJibCHblC pacnpe,l:{e­
JICHH51 - noJiylleHbI B IlO'ITH IlOJIHOM 3KCnepttMeHTe, BbITIOJIHeHHOM C IlOMOI.Il;blO 
180-JIHTpOBOH KCCHOHOBOH ny3b1pbKOBOH KaMepbl, o6JiylleHHOH B nyllKe OTpll­
u.aTCJibHO 3ap51)KeHHbIX TI-Me30HOB npu 3,5 f3B/c. Ha6JIIO,l:{aeTCSI 3aBHCHMOCTb 
xapaKTepttCTHK OT TOJllll.HHbI CJIOSI BHYTPHSI,!\epHOH MaTepnn, BOBJielleHHOro B 
CTOJIKHOBCHH51. TipoBe,l:{eHO cpaBHeHHe xapaKTepttCTHK ucnymeHHblX KBaHTOB C 
COOTBeTCTBYIOlll,HMH xapaKTCpHCTHKaMH po,!\HTCJlbCKHX HCHTpa.TlbHblX Me30HOB. 

Pa6orn_BbinOJIHeHa B Jia6opaTOpnu BblCOKHX 3Heprnii Ol15H1. 

Coo611\CIHIC O6-hCAHIICIIIIOl'O H11cnnyTa !>lAC!)llblX HCCJJCA0BallHH. ,l],y611a, 1993 

Strugalski Z. ct al. El-93-419 
Characteristics of Gamma-Quanta Emission Process 

inn-+ Xe Nuclear Collisions at 3.5 GeV /c Momentum 

Characteristics of the gamma-quanta emission process: emission intensity, 
energy and momentum spectra, and angular distributions have been obtained 
experimentally in almost total experiment performed by means of the 180 litre 
xenon bubble chamber exposed to 3.5 GeV /c momentum negatively charged 
pion beams. The dependence of the characteristics on the internuclear matter 
layer thickness involved in the collisions is evidently observed. Comparisons 
between the characteristics of the emitted quanta and the corresponding char­
acteristics of the parent neutral pions are performed. 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 
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