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I. INTRODUCTION 

Nuclear physics has gained quite new possibilities for expe
rimental studies since high energy nuclear beams have been ob
tained/1/. On the one hand, this is due to experimental techni
que advantages. In a peripheral collision of the beam nucleus 
with the target a number of relativistic fragments arises, hav
ing almost the same direction and velocity as the projectile. 
This gives us a good experimental possibility of measuring life
times of excited projectile fragments and their interaction 
cross sections, to study properties of short-lived isotopes and 
hyperfragments, to obtain, in fact, unique beams, etc. One can 
thus study various interesting processes sweeped in space and 
Lorentz time-dilated. 

A first part of this paper deals with a measurement of inter
action cross sections of multicharged carbon beam fragments. 
Such experiments are of considerable interest now as they pro
vide an opportunity to observe excited fragments with abnormally 
large cross section and lifetimes below lo- 10 sec. 

On the other hand, nucleus-nucleus collisions at small impact 
parameters allow essent1a11y mu1cinuc1eon interactions Lo o~ 
actualized, when a considerable number of particle emission 
sources are created within the inner volume of a nucleus. It is 
also very important to study the dependence of multiple produc
tion process on the number of nucleons involved in the interac
tion. At small momentum transfers, comparable with Fermi motion, 
nucleus is well described as an assembly of nucleons. But at 
transfers greater than about I GeV/c such a notion contradicts 
the data. Quark degrees of freedom begin to play an important 
role. Previous theoretical121 and experimental131 studies have 
shown that in hadron-nucleus interactions particles are produced 
far beyond the kinematic limit for hadron-nucleon collisions 
(cumulative effect). Characteristics of such processes are scale
invariant and are determined by local properties of hadronic 
matter. The shapes of secondary particle spectra become univer
sal, independent neither of the atomic weight of the target nuc
leus nor of the type of incornning or secondary particles. For 
soft processes, which dominate the inelastic cross section, the 
A-dependence of the secondary particle yield is determined by 
transverse sizes of the colliding objects and could be paramet
rized as Aa. where a<l.In the case of violent collisions an en
hanced or anomalous A -dependence is observed, where a tends 
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to values close to unity, thus reflecting a local character of 
the interaction. 

The main aim of this experiment is to search for quark degre~ 
of freedom in nucleus-nucleus collisions at high energies. In 
this paper we present data on central collisions of carbon nuc
lei and multinucleon collisions of protons, deuterons, helium 
and carbon nuclei with tantalum at 4.2 GeV/c nucleon. 

It is worth mentioning that to study such a complex multiple 
production process as nucleus-nucleus interaction, it is very 
advantageous to use bubble-chamber facilities, enabling us to 
obtain quite a detailed picture of interaction. As it will be 
shown below, not only soft processes but also hard processes wit 
a momentum transfer of >I GeV/c can be studied by means of 
bubble-chamber technique. 

Some experimental results obtained recently by the 2 m JINR 
propane bubble-chamber collaboration are presented in this pa
per. The chamber with an internal tantalum target wa& exposed 
to protons at (2+10) GeV/c, deuterons, helium and carbon at 
(2+5) HeV/c nucleon. Our experimental data on interaction cross 
sections for inelastic nuclear collisions 14- 61 .on charged secon
dary multiplicities 15 ~ 12< on cumulative 77-production/1 3 - 15 ~ on 
particle emission region dimensions 15 •161 • on correlated emis
sion of "--meson systems115·171, and also preliminary results on 

1 t . 1181 f b . '1 1 . h anoma ous cross sec 1ons o car on proJeCtl e mu t1c arged 
fragments have been published elsewhere. 

2. ANOMALOUS CROSS SECTIONS 

I . /19-21/ h . n recent exper1ments en anced cross sect1ons for in-
teractions of projectile nuclear fragments (with Z 2 3) with 
emulsion nuclei have been observed. Oxygen, argon and iron nuc
lear beams with a kinetic energy of - 2 GeV per nucleon were 
used ir/ 19•201 while in1211 emulsion stacks were exposed in cosmic 
rays. It was observed that within the range of a few centimeters 
from the origin of the fragments their interaction cross section 
are appreciably higher than those which can be evaluated from 
the available experimental data on the cross sections for inter
actions of accelerated nuclei, having charges 2 ~ Z ~26, with 
emulsion. The authors of ref. 1221 conclude that the effect va
nishes at a primary energy of T0- I GeV/nucleon. However, in 
a cosmic ray experiment1231no evidence of the effect was found. 
Research in this direction started in the 50-ies124<but up till 
now the situation is ambiguous. All the experiments were perfor
med using emulsion technique. 

We studied 1181 this phenomenon using films taken from the 2m 
propane bubble chamber exposed to a beam of carbon nuclei at 
4.2 GeV/c per nucleon. Interaction cross sections for the carbon 
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projectile fragments with z~ 2 were ' 
measured within different ranges from 
the points of their origin. For the 
fragments with Z-6 an appreciable 
increase of the cross section was ob
served within a range of 7 em from 

10'L-!-----'-------c'::---'---f.---"--~.-' the origin. But for the fragments 
0 10 20 ~0 with Z.2 the cross section was obser-

xrcM) 
ved to decrease. An analysis of the 

experimental data shows that there are certain experimental 
complications due to the overlapping of tracks and stars pro
duced by different fragments coming out of the same primary in-

teraction. 
In this paper we present data on interactions of the.frag-

rnents with charges Z= 5,6. A fragment charge was determ1ned by 
8 -electron density and by evaluation of the total charge of 
the stripping-like particles emitted from t~e.primary star and 
from all relevant secondary ones/1 8,25/, Pos1t1vely charged par
ticles with momenta P ~ 3 GeV/c emitted at angles 0~ 4° with 
_ ................................... .. 'h ..... J..,.,.....,"" .4t't""orot-;r'\n T:roro t-~l.ron ~c: c:trinnPti onP.~a Fi-
... ~Ur''- ......... """""' ....... _. .... -~··· --------·· - -- •• .-

gure 1 shows the dependence of the number of fragments, wh1c~ 
have escaped interaction, on the distance X away from the prl
rnary vertex, i.e., the rate of attenuation of the beam as a func
tion of the thickness of the target. A similar dependence for 
doubly charged fragments is taken from a previous.pa~er 1181 ba
sed on four times smaller statistics. The arrows 1nd1cate a boun
dary (X=IO em) below which the scanning and fragment identifi-
cation are not reliable. 

The experimental points to the right from 7he boundary X= 
= 10 em are consistent with a single exponential. The dashed 
lines correspond to an expected rate of attenuation o~ the beam 
for the fragments, which was evaluated from the exper1mental 
cross sections for interactions of yrimary protons, deuterons, 
helium and carbon nuclei in propane 14< The curves are normali
zed to the observed number of fragments at the distance X,.,JO em. 
For fragments with Z-6 the slope of the dashed line corresponds 
to the experimental value of the cross section for a beam car
bon nucleus interaction with propane, i.e., it shows the upper 
limit of the slope for nonexcited fragments with Z=6. The lines 
for z -2 and Zz 5 fragments include small corrections to the 
experimental values of cross sections for beam helium and car
bon nuclei interactions with propane. 
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From data in Fig. I it follows that the values of the interac
tion cross sections of carbon fragments with Z=5,6 are -10% 
greater than expected. This fact is presumably indicative of 
a contribution of excited fragments with a lifetime of r 2: 10- 1~ec 
the size of which becomes greater than that of the fragments in 
the ground state. It is worthwhile to note here that targets 
with smaller atomic weights are more expedient for the detec
tion of deviations (if any) of interaction cross sections from 
those expected for the ground state fragments. It is known that 
inelastic cross sections for two nuclei depend mainly on the 
sum of their geometric dimensions. From this point of view emul
sion nuclei are too large as compared to propane (C 3 H 8)to ob
serve small changes in fragment dimensions. 

For central multinucleon CC collisions the following selec
tion criteria were chosen: a) there are no carbon projectile 
spectator fragments with charge Z~2; b) the number of singly 
charged stripped projectile fragments n 8 ~.2; c) the total charge 
of secondary particles Q>7. 

From 12 000 carbon-propane interactions, scanned according 
to the above selection criteria, 876 events were selected. Ac
cording to experimental estimates, the average number of inter
acting nucleons in these events is 15 with a standard deviation 
of a-3. The selected multinucleon CC collisions are approxi
mately symmetric. To extract protons and heavier baryons from 
all positive particles, we used the following procedure. In the 
range of positive particle momenta P+ ~500 MeV/c protons were 
well distinguished from rr± mesons by ionization density. For 
positive particles with P + > 500 MeV /c weights depending on mo
mentum and angle were introduced. These weights were calculated 
to take into account the rr+ meson contribution estimated from 
the rr- meson one. 

According to the multinucleon CC interaction selection cri
teria, only singly charged spectator fragments may be present 
in the projectile fragmentation region. In the target fragmen
tation region the energy of the spectator fragments like d , t 
or He is not high enough to produce a detectable track with 
f ~ 3 mm in propane. Protons were detected starting from a mo
mentum of PP~ ISO HeV/c. 

It should also be noted that we have observed about 70 posi
tive particles with momenta of P+ ~ I GeV/c and a mean emission 
angle of <()> = 35o, which had ionization losses considerably hig
her than those for protons with P+ ~. I GeV/c. Such particles 
were considered as deuterons, tritons and helium nuclei without 
separation. The fraction of spectator deuterons and tritons 
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Fig.2. Plot of transverse momen
tum vs rapidity for rr- mesons 
produced in central CtC interac
tions. The dashed line denotes 
the NN kinematic limit. 

a.• 

Fig.3. Transverse momentum 
squared distribution for ~ 
rr mesons in central CtC col- r 
lisions. 

from the incoming carbon nuclei and of heavy particles identi
fied by ionization turned out to be -S% of all charged baryons. 

Shown in Fig.2 are "+ mesons plotted in the plane of trans
verse momentum (P.L )and rapidity (y ... Q,5ln[(E+P1 )/(E-P,.)])l'he kine
matic limit for NN collisions at 4.2 GeV/c is shown as ada
shed line. Rapidities of the projectile and target are shown 
with arrows. A densely populated area is seen in the region near 
the c.m.s. rapidity y::..l.l for NN collisions and at small trans
verse momenta. In the target rapidity region a certain loss of 
"- mesons (-2% according to our estimates) is seen. Outside the 

kinematic boundary rr- mesons are observed predominantly in the 
central rapidity region. The points are distributed slightly 
asymmetrically due to the selection criteria for CCcentral multi
nucleon collisions. According to these criteria, we select events 
where, on average, a larger number of nucleons interact from the 
projectile nucleus than from the target. 

The transverse momentum squared distribution of rr--mesons is 
presented in Fig.3. The horizontal bars indicate the Pf experi
mental resolution. The experimental points were fitted by a sum 
of two exponentials 

-aP 2 -bP
2 

dN/d~2-Ae .L +Be .L (I) 

The result of the approximation is shown as a solid line. The 
slopes found are: a= (23.1+1.8) (GeV/c)- 2

, b= (6.2.:!:_0.9) (GeV/c)
2

, 
while y 2/N.D.F.= 1.18. The-slope parameters for CC collisions on-
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Fig.4. Plot of transverse momen
tum vs rapidity for protons pro
duced in central C +C interactions. 
The dashed line corresponds to 
the NNkinematic limit. 

Fig.5. Transverse momentum squared 
distribution of protons in central 
C+C collisions. The arrow points 
to the NN kinematic limit. 

ly slightly differ from those for NN collisions
126 

at similar 
beam momentum. But the relative contribution of the second ex
ponential is higher: 33% as compared to 23% in NN interactions. 

A similar two-dimensional plot for protons is presented in 
Fig.4. All charged baryons were considered as protons. fhe ki
nematic limit for NN collisions is shown as a dashed li~e. The 
solid lines with arrows denote approximately the expected re
gions for spectator fragments of projectile and target. An ap
parent systematic loss of protons with Pp ::: 150 HeV /c, ~hich 
have a range of less than 3 rnm in propane, is seen in t~e tar
get rapidity region. A concentration of experimental points cor
responding to the spectator protons from carbon target is also 
seen. In the projectile fragmentation region the increaGe of 
point density is insignificant due to the inefficiency of the 
selection criteria for multinucleon CC collisions. The values 
of the total momenta of spectator deuterons and tritons are es
sentially higher than those of stripping protons. Thus the va
lues of their rapidities calculated with proton mass are consi
derably greater than that of the projectile nucleus rapidity. 
However it is seen that even outside the projectile and target 
fragmentation regions the plot is to some extent asymmetric. 
This is again due to the selection criteria as explained for 
rr- mesons in Fig.2. 

An interesting aspect is that quite a number of protons fall 
outside the NN kinematically allowed region. 

'T'l-.o p2 rl.;",_.,..;J..,,,.;,...n fr.r ,11 nrnt-nn" i" "hnwn in FiP•5• At 
srnall-tra~s~~~~~ momenta of P; <. 0. I (GeV/c)~ where~stem~tic 
losses and the inefficiency of CC multinucleon event select~on 
are essential, the experimental points are shown as open tri
angles. The horizontal error bars indicate the ~2 experime~tal 
resolution. The arrow points to the kinematic limit for NN ~n
teractions. The experimental data were parametrized as 

2 -&P; -bP 2 -cP2 
dN/P.l .Ae +Be .l +Ce .l (2) 

The slope parameters were found to be: 

a=(8.7.:!:_1.3) (GeV/c)- 2 

-2 
c - ( 0. 2 .:!:_0. 8) ( Ge VIc) . 

b-(2.4+0.2) (GeV/c)-
2

, 
(3) 

The result of the fit is shown as a solid line ( x 2/N.D.f' ... 0.81). 
In the high Pf region the result of the approximation is shown 
as a dashed line reflecting an uncertainty of the third slope 
parameter. 

Figure 5 illustrates well the main processes of pro~on emis-
sion. The maximum slope (open triangles) corresponds to fragmen
tation processes with some contamination of peripheral NN colli-
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F~g.6:Tra~sverse momentum squared 
d1str1but1on of those protons in 
central C+C collisions which fall 
outside the NN kinematically 
allowed region in the (y, P.!.) plot. 

sions. The value of the second 
slope -9 (GeV/c)-2 indicates a con
siderable contribution of NN elas
tic scattering. The third slope 
can be treated as a manifestation 
of NN inelastic collisions. The 

d~c:ea~e of. the slope at Pf greater than the NN kinematic 
l1m1t 1s st1ll to be explained. 

F~gure 6 pres~nts t~e P/ . distribution for protons falling 
o~ts1de the NNk1nemat1c l1m1t in Fig.4 (dashed line). The open 
c7rcles correspond to the.region where the nucleus fragmenta
t1on p:ocesses are essent1al, The experimental distribution was 
appro~1mated b~ a ~urn ?f two exponentials of Eq.(l). The result 
of th1s ap~roX1mat10n 1s shown as a solid line (x2/N.D.F.=1.07). 
The follow1ng slope parameter values were found 

a-(11.8.:!:_2) (GeV/c)-2 , . b .. (J.2.!_0.1) (GeV/c)-2. (4) 

As 1s seen trom Fig.6, there is a distinct b;eak in the slope 
of t~e distribution near P{- 0.5 (GeV/c)2.Another structure is 
poss1bly seen in the vicinity of P 2_ 1 (GeV /c) 2, 

Att t. ' 1 .!. ~n 1on 1s a so called to a small value of the second ex-
ponent1al slope- I (GeV/c)-2. Such a value of the slope parameter 
corresp?nds to proton production processes in hard collisions at 
small d1stances. 

It is int~resti~g to s7udy collective characteristics of se
cond7~t-fo~rt1cles 1n mult1nucleon interactions. Different mo-
d~ls for nucleus-nucleus collisions predict different con-
~1guration of.events in phase space which one fails to analyze 
1n terms of s1n~l~-particle incl~sive distributions. For given 
CCcent:al co~l1s1ons the analys1s of jet production of seconda
ry part1cles 1s made by means of collective variable sphericity, 

2 -+2 
S=3/2minq'.P.!.i/TPi). (5) 

Her~ P;i is the transverse momentum of a secondary particle re
lat1ve to a certain axis, which is chosen so that the sum I,p2. 

. l. I 

ov~r ~11 c~arged.particles in an event should be minimal. T~is 
ax1s 1s a Jet ax1s on the assumption of two-jet structure of 
the events. The Pi vectors are the secondary particle momenta 
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in the c.m.s. of the colliding carbon nuclei. This variable is 
calculated by diagonalization of a matrix built of the compo
nents of secondary particles momenta in the CC c.m.s. frame, 
which coincides with the NN c.m.s. frame. A similar analysis 
was done for all inelastic CC collisions extracted from expe
rimental C(C3H8 ) collisions. 

While investigating the jet structure of CC interactions, 
multicharged fragments of the projectile nucleus as well as 
singly charged stripping particles were excluded. Besides, 
protons with a laboratory momenta of Pp~300 MeV/c were exclu
ded because in this region the contamination of evaporation 
protons from target nucleus is large. We analyzed CC interac
tions with a charged multiplicity of nch :::t 4. 

The sphericity value distributions for CC interactions are 
shown in Fig.7. The calculation according to an intranuclear 
cascade model7271taking into account the experimental restric
tions is also shown here by a histogram. It is seen that the 
jet-like behaviour of all secondary particles in complete CC 
interactions agrees well with the cascade model. The mean va
lues of sphericity in the experiment and in the model are res
pectively equal to <Sexpt>= 0. 356.:!:_0.009, <Srnoct>= 0.371. Central 
CC collisions demonstrate higher sphericity <Sexp?•0.477.!_0.006 
than all CC interactions, and they are not described by the 
intranuclear cascade model. The mean value of sphericity in 
the model turned out to be <Srnoct>=0.412. 

r·or mu1t1nuc1eon 1nteract1ons the d1mens1ons ot secondary 
pion emission region were determined by the like-particle in
terferometry method 1311.In the case of CC central collisions 
the space size ofrr- meson emission region appeared to be r = 
= (3. 10+0.89) fm. It is worth to note here that interference 
effects-are observed for particles with small four-momentum dif
ferences. At our incident energy, low energy rr- mesons are main
ly produced. Therefore the size of the emission region is de
termined by processes wit~ the production of just these rr-me
sons. Of more interest should be a measurement of space-time 
characteristics of interactions where two high II rr-mesons are 
detected. 

~lv> Fig.7. Sphericity distribution ~~ 

for C+C events. The histogram ~~ 
shows calculations according 
to the intranuclear cascade mo
del: a) for all C+C interac
tions; b) for central C+C inter
actions. 

I) 
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4. INTERACTIONS WITH HEAVY NUCLEUS 

A target consisting of three tantalum plates 1 mm thick was 
placed inside the bubble chamber. Experimental details were pub
lished elsewhere/13,32-34/. The data sample consists of 769 pTa, 
1331 dTa, 780 HeTa and 117.6 CTa inelastic interactions. It is pos
sible to estimate to what extent an interaction is multinucleo
nic from the experimental data on the rise of secondary particle 
multiplicity, and of the average numbers of interacting protons 
depending on the atomic numbers of incoming nuclei, and from 
theoretical calculation/ 121. 

For all inelastic (p,d. He,C)Ta interactions the average 
number of interacting nucleon pairs is approximately equal to 
4,7,12 and 27, respectively. For CTa central collisions, when 
in the forward cone(0~4°) positively charged particles with mo
menta of P+ ~3 GeV/c are completely absent, the average number 
of nucleon-nucleon interacting pairs amounts to 50. Such events 
consist of many charged particles, and this leads to conside
rable difficulties in data handling procedure. Therefore measu
rements were performed for all particles in an event except po
sitively charged baryons with momenta of P+:;. 700 MeV /c. 

Figure 8 presents the two-dimensional rr- distribution of 
transverse momentum versus rapidity for CTa interactions. The 
kinematic limit for NN collisions at 4.2 GeV/c is shown as a da
shed line. In the target rapidity region a loss of rr- mesons 
(according to our estimate -5%) is seen. A considerable asymmet
ry in the point distribution is connected with the fact that 
a larger number of nucleons interact on behalf of tantalum nuc
leus than from carbon nucleus. Quite a number of rr- mesons fall 
outside the NN kinematic boundary. 

The differential cross sections of rr- mesons produced in 
(circles) and in dTa (triangles) interactions versus the trans
verse momentum squared are presented in Fig.9. The experimental 
points were approximated by a function (1). The result of the 
approximation is shown as solid lines, x 2 /N.D.F ... 0.96(CTa) and 
x2/N.D.F.-0.87(dTa). The slope parameters of the exponentials 

were found to be equal to: a • (45.4+2.8) (GeV/c)-2 , b = 
• (8.3+0.4) (GeV/c-2 for CTa and a-= (43.8+4.4) (GeV/c)-2 , b = 

• (7.8+0.8) (GeV/c)-2 for dTa interactions~ The relative contri
butions of the second exponential are 47% for CTa and 41% for 
dTa interactions. As is seen, the values of the slope parameters 
of the second exponentials in NN , dTa, CTa and CC central in
teractions turned out to be similar. A large difference in the 
values of the slope parameters of the first exponentials seems 
to be connected with the contribution of rr- mesons produced in 
the interactions of secondary nucleons in tantalum. 

The invariant rr- meson spectra were analyzed also in terms 
of A and P.L. It is known/3,3S-371 that the ratio of rr- meson 
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Fig.8. Plot of transverse mo
mentum vs rapidity for rr- me
sons produced in C+Ta inter
actions. The dashed line re
presents the NN kinematic 
limit. 

Fig.9. rr-meson yields vs trans
verse momentum squared in C+Ta 
(circles) and in d+Ta (triang
les) interactions. 

structure functions in pA and pp interactions obeys the power-
1 ike A -dependence 

R. (Ed 3a/d3p) /(Ed 3a/d 3p) • Aa(pJ. >. 
pA PP 

(6) 

where a(PJ.) is a universal rising function of transverse momen
tum independent of atomic number A, and at high p J. its values 
become equal to 1. 1+1.3. Search and investigation of such anoma
lous A -dependences are of great importance for testing and de
velopment of present-day quark models 138•391. 

To study the A-dependence of rr- meson structure functions 
in our experiment, it is natural to suggest that parametrizati
on (6) may be generalized directly for nucleus-nucleus interac-
tions 

(7) 

where A1 , A2 and B 1 , B 2 are atomic numbers of projectile and 
target nuclei, respectively. In our case the ratios of rr- meson 
structure functions over p in (d,He,C)Ta interactions to the 
corresponding distribution~ in pTa interactions were studied. 
We investigated also analogous ratios with the dTa data in 
the dominator. Let us denote the ratios with pTa data in the 

11 



\.2 

1.i 

., 
t + 

0.9 - ~ - • •• 
0.8 

l t t t t 

0.1 o.z 0~ 

10 

2.5 

2.0 

-----~ .. s 1.5 
a.• 

1.0 

0.5 

0.0 

·2.0 -1.5 

12 

-t' 

L=dJ 
D.lt 0.5 osx. 

-1.0 -0.5 

Fig.lO. Dependence a(x.L) for rr 
structure function ratios: a) for 
RA!pvalues; b) for RA/d values; 
c) a(X.L) in pA interactions at 
400 GeV I c; d) a (x -'-) in pA inter
actions at 70 GeV/c. 

Fig.! 1. Plot of transverse momentum 
vs rapidity for positive particles 
with momenta of P+~700 MeVIc in 
C+Ta interactions. The dashed line 
corresponds to the NN kinematic 
limit. 
~ 

i 5 2 0 2.5 3.0 3.5 4.0 
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dominator as RA/p , and those with dTa data as RA/d· Experimental 
ratios RA/p(and RA/d ) were jointly fitted for different inter
vals of transverse momentum. 

Figure 10 presents the obtained a(x.l) dependences for the 
ratios of the 17- structure functions R A/p and R A/d , where 
x.l. 2P.l !Js. Similar dependences, obtained in pA -collisions 
at 400 GeVIc/37/ and 70 GeVIc 140< are also shown. It is seen that 
due to low statistics the errors of the values of parameter a 
are large. In the interval o.z,s:x .$ 0.5 the values of parameter 
a>- 1. This result should be considered as an indication of an 
anomalous A-dependence of 17- meson yield in nucleus-nucleus 
interactions at relatively small transverse momenta 0.2;$fl .S:l GeV /c 
and at not high momentum per beam nucleon. 

In Fig. 11 is presented a plot of P.l versus the rapidity of 
positive particles with momenta of P+ ~700 MeVIc for CTa .inter
actions. Multicharged stripping fragments of incoming carbon nuc
leus are not included in this plot. The 77+meson contamination 
estimated from 17- mesons amounts to 8% of all the particles in 
the plot. Among positive particles with P+ >- 700 MeVIc about 4% 
of particles with P+ ~.I GeV/c were found having higher ioniza
tion density, which were considered as d,t ,He nuclei. While 
calculating rapidity, all particles were classified as protons. 
The absence of particles with P+ <700 MeV/c is distinctly seen 
in Fig. II in the tantalum nucleus fragmentation region. Theda
QhPrl 1 in_~? '='-::'!'!'~~;~~~:: t~ ~!:::: ~!~! ~ii""~.:wa.~i'- ::...:.w.;.i... IL .i.:s ::;~en 
that a considerable part of protons falls outside the kinematic 
limit. 

In Fig.12 are presented diffe
rential cross sections of protons 
produced in CTa (circles) and in 
dTa (triangles) interactions ver
sus the transverse momentum squa-

2 I )2 + red for P.l ~' 0. 5 (GeV c . The rr 
meson contamination amounted to 
4%. The transverse momentum squa
·red for spectator fragments of 

Fig.l2. Proton yields vs trans
verse momentum squared for 112 ~
~0.5 (GeV/c) 2 • The arrow points to 
the NN kinematic limit. The histo
grams represent two versions of 
the intranuclear cascade model 
calculations for C+Ta interac
tions. 
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carbon nucleus did not exceed 0.5 (GeV/c)2. Therefore if in 
a first approximation we neglect the yield of composite partic
les, then hadrons with high transverse momenta can be conside
red as protons. In Fig.12 the kinematic limit for NN collisions 
is shown with an arrow. Experimental points for (d,He,C)Ta in
teractions were approximated by the function (1). For pTa col
lisions the experimental points were approximated by a single 
exponential due to low statistics. The slope parameters of the 
exponentials for all exposures are presented in the Table. 

Exponential slope parameters obtained by fitting 
the P 2 distributions of protons in (p,d,He,C)+Ta 
interactions 

Fitted . Ap p d He 
parameters 

a 3.19+0.62 3.29+0.39 3.21+0.35 

b 
0.56+0.54 0.44+0.35 

x 2/N.D.F. 0.31 0.82 I. 16 

Table 

c 

2.62+0.33 

0.99+0.54 

1.05 

Figure 12 shows two versions of calculations according to 
the Dubna cascade model DCM 1"- 11 for CTa interact1ons 1n the torm 
of histograms. The theoretical calculations are normalized to 
the experimental proton yields with P.J..2>-. 0.5 (GeV/c)

2
. In the 

first version of the model (dashed line) the secondary protons 
did not interact in the final state. In the second version (so
lid line) any two or more nucleons in an event with momenta, 
which differ by a value less than parameter P0 , were considered 
as composite particles (d,t,He). The P0 parameter, the radius 
of momentum sphere for sticking together, was estimated from 
the secondary particle spectra in Ne+U collisions

1411 
at ener

gies of 0.4+2.1 GeV per projectile nucleon and was taken equal 
to 90 MeV/c. Such an approach is similar to introducing final 
state interactions in the coalescence model/421. 

In order to reproduce the experimental conditions, all com
posite particles, obtained in the second version of calculati
ons, were considered as protons. It is seen that with the final 
state interactions not taken into account the model does not 
describe the data in the region of high momentum transfers.With 
the coalescence introduced, the description improves, but there 
are still essential deviations from the experiment. 

Rapidity distributions of protons with high transverse mo
menta for dTa and CTa interactions are presented in Fig. 13 along 

14 
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Fig.13.Rapidity distributions 
of protons with ~220.5 (GeV/c) 
for d+TI(triangles) and for 
C.,.Ta (circles) interactions. 
The histograms show two ver
sions of the intranuclear 
cascade model calculations. 

fJ' I "1 
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Fig. I~· Proton yields vs trans
verse momentum squared for those 
protons which are located out
side the NN kinematically al
lowed region in the (y,P.J.. ) plot 
for d+Ta (triangles) and for 
C+Ta(circles) interactions. 

Fig. !2_. A -dependence of the pro
ton yields on transverse momen
tum squared in the intervals 
(0.5.>-P~ <1.0) (GeV/c) 2 - tri
angles, and P} ~I (GeV /c)2 -
circles. 

with the DCM calculations. The 
agreement cannot be considered 
as satisfactory. 

The P} distribution of pro
tons falling outside the NN ki-

s 10 50 nematic limit on the (y.~ ) plot 
AP is given in Fig.14. Circles cor-

respon~ to CTa interactions, while triangles represent dTa in
teractlons. The experimental points ~ere approximated by the 
function 

2 -ap2 
du/dP .Ae .J.. .J.. . 

(8) 
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Fig.l6. Average multiplicities 
of positive particles (squa
res), rr- mesons (circles) and 
protons with If-'! 0. 5 (GeV /c) 2 

(triangles) vs maximum t~ans
verse momentum of proton in 
an event, !l2 max . The lines 
represent the intranuclear 
cascade model calculations 
(lower line for protons, middle 
for pions, and upper for all 
positive secondaries). 

0 2.0 lO 4.0 
I 

~"' .. (Gev/c)1 

The result of the approximation is shown as solid lines, x /N.D,F ... 
= 0.81 for dTa and x 2/N.D.F. = 1.4 for CTa interactions. Accord
ing to DCM with final state interactions, the calculations dis
agree with the data. 

Shown in Fig.15 is the A-dependence of the proton yields in 
the regions of Pf (0.5$Pf <I) (GeV/c)2 (triangles) and P~~ 
~.1 (GeV/c) 2 (circles). The lines represent a power-like fit gi
ven by 

(9) 

where A is the atomic weight of the projectile. For the two P; 
intervals a= I .07+0. 02 and a= I. 17+0. 03, respectively. When fit
ting, the first point was fixed. The A -dependence becomes stee
per with increasing ~2 • and the a -values are greater than unity 
in both intervals. 

Fig.l6 shows the average multiplicities of positive particles 
(squares), rr- mesons (circles) and protons with ~2~0.5 (GeV/c) 2 

(triangles) versus the maximum value of Pf in the event. Pre
dictions of DCM with proton coalescence are shown with lines. 
It is seen that events with high P 2 protons demonstrate a high 
charged multiplicity. Starting fro~ the NN kinematic limit P;
-1.5 (GeV/c) 2 , the average charged multiplicities are practical
ly independent of ~2 ma.x • The cascade model qualitatively repro
duces the correlation but overestimates the particle multiplici
ties. 

For all inelastic as well as for central CTa interactions the 
size, r, of the rr- meson emission region was measured by the inter
ferometry method. It was found that r • (3.44+0.41) fm and r = 

(4. 11+1.07) fm for all inelastic CTa and for CTa central in-
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teractions, respectively. As is seen, the r value is determined 
within the statistical errors by the size of carbon projectile. 

CONCLUSIONS 

The experimental dependence is obtained of the cross sections 
for multicharged carbon beam fragment interactions with propane 
on the distance from the origin of these fragments. It follows 
from the data that the values of the interaction cross sections 
of carbon fragments with Z=5,6 in propane at a distance of 
X~ 10 em from the vertex are -10% greater than those expected. 
It is probably an indication of the contribution of excited 
fragments with a life-time of r ~ 10-lO sec the size of which be
comes greater than that of the ground state. 

In multinucleon CC and (d,He,C)Ta collisions rr- mesons and 
protons are produced far outside the NN kinematic boundary. For 
secondary charged baryons a new exponential dependence on P~2 

is observed with the value of slope parameter -1 (GeV/c)-2• In 
the A-dependence of proton yields with P~ >I GeV/c in the in
teractions of light nuclei with tantalum a is close or exceeds 
unity. The data are not described by a cascade model with final
state interactions included. Thus a considerable contribution 
of cumulative interactions is observed. 

In the future an increase of statistics is planned. We also 
p::.c1u i..v :,i_u.ly c1 .lt>ui..t>LUU l.:UULLiuuL.i.UU LU Lll~ nign r~ r~gion, 
correlations and further comparison of models with the data. 

The authors are indebted to the technical staff for film 
taking and for assistance in data processing. 
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Axa6a6HH H. H AP· El-82-510 
ilepmpepHt-IeCKHe H u;eHTpanbHble HApO-HAepHbie CTOJ1KHOBeHHH 
npH 4,2 f3B/c/HyKJ10H 

ilpeACTaBneH 3KCnepHMeHTaJ1bHhiH MaTepHaJ1 no B3aHMOAeHCTBHIO 
penHTHBHCTCKHX HAeP p , d , 4 He , 12 C c HAPaMH yrnepoAa H 
TaHTana, nonytieHHhiH C nOMOIJibiO 2-MeTpOBOH nponaHOBOH ny3h!pbKO
BOH KaMepbJ C BHyTpeHHeli MHilleHbiO H3 TaHTaJia. YCTaHOBJ1eHo, 'ITO 
CetieHHH B3aHMOAeHCTBHH BTOPHtiHbiX ¢parMeHTOB HaneTaiOIJIHX HAep 
yrnepoAa C 3apHAOM Z • 5, 6 Ha I 0% 6onbme OlKHAaeMOH BeJIH'IHHhl. 
B nHTHaAu;aTHHYKJ10HHOM CTOJ1KHOBeHHH HAef yrnepOAa H MHOroHyK
J10HHbJX B3aHMOAeHCTBHHX HAep d , 4 He ,1 C C TaHTaJ10M Ha6J1IOAa
eTCH BKJ1aA KOJ1J1eKTHBHbJX B3aHMOAeHCTBHH, He CBOAHIJIHXCH K cynep
no3Hll;HH NN-cTonKHOBeHHH c ytieToM ¢epMH-ABHJKeHHH, B3aHMO
AeHCTBHH B KOHetiHOM COCTOHHHH, nepepacceHHHH H T.A. 

Pa6oTa BhmonHeHa B Jia6opaTOPHH BhiCOKHX 3HeprHti OlliiH. 

npenpHHT 06beAHHeHHOrO HHCTHTYTa RAePH~X HCcneAOBaHHH. ~y6Ha 1982 

Akhababian N. et al. El-82-510 
Peripheral and Central Nucleus-Nucleus Collisions 
at 4.2 GeV/c per Nucleon 

Experimental data on interactions of relativistic p , 
d ,He and C nuclei with carbon and tantalum nuclei are pre
sented. The data come from the 2 m propane bubble chamber 
with an internal tantalum target. It is found that interaction 
cross sections for carbon projectile fragments with charges 
Z=5,6 are 10% greater than expected. In central C+C colli
sions and in multinucleon interactions of d , He and C with 
tantalum a contribution is observed from cumulative inter
actions irreducible to the superposition of NN -collisions 
taking into account final state interactions, rescattering 
effects, etc. 

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