
El - 10838 

INELASTIC INTERACTIONS OF 
12 

C NUCLEI 

WITH EMULSION NUCLEI AT 50 GeV /c 

1977 



El - 10838 

12 
INELASTIC INTERACTIONS OF (; 'UCLEI 

WITH EMULSION NUCLEI AT 50 GeV /(' 

Submitted to International Conference on High Energy 
Physics and Nuclear Structure (Zurich, 1977) and In
ternational Conference on Cosmic Ray Physics 
(Plovdiv, 1977). 



El - 10838 
HeynpyrHe eaaK~one"CTBHs:i st.Jep J::(' c KMnynbCO~ 50 f3B/c 

c S1.'.lpa11.rn ¢ioT03M!-'•1bCHH 

t1cc.1e.:ioea11HCb HeynpyrHe B:,aHMO.'.leHcTe1u1 Aaep yrnepoaa c RMnynb
coM 50 f:;B/c C srnpBMK t,pOT03MynbCHH. 0011yqeHbl pacnpeaeneHKSI no MHO
if<eCTBeHHOCTH " yrnoso1e pacnpe.J.em:!KKSI BTOpH'IHblX aaps:i:>KeHHbIX 1.1.SCTHll. 

Cpe.1HHE' MHO>KeCTBeHHOCTH, pacc"lHTBHHble HB O.QHH B38HMo.ne:AcTBYKlWHA 

tfYK.'lOH R.J.PB yrnepo.aa, coenanaK)T c 8H8llOr'HlfHblMK .'.181-IHbIMK !lllR B38KMO

.:iei:.L TBHj:i aeATOHOB H a-qaCl'HU c RllPBMH ct>ol'03M)'nbCHH. 
B 90% cnrrnee tteynpyrKx eaaHMO.aeAcTeHI:i Ha6mo.aaKlTCR aapsnKeKHble 

4>parMeHTbI R.apa yrnepo;ia. Yr.1oeb1e pacnpeneneHKSI ct>parMeHTOB RJlpa 
MMWeHH cna6o 38BHCR't OT 81'0MHOro HOMepa HaneTarowero RD.pa. c '18CTOTO 

OJC.0110 2% OT 'IHC/18 HeynpyrHX B38HMoneHCTBHK Ha6nto.aaeTCR _npouecc !lHCC 
UH8UHH HJ1P8 yrnepoZJa Ha TPH a -1.1.aCTKllbl. 

Pa6oTa Bbmor..HeHa a fla6opaTOpHH BblCOKHX 3HeprH:A 011SU1. 

npenpli&T 06w,1111ee&BOJ"O BBCTBT)IT& UCPBWll BCCJ1eAOll&BBI. JlYC5&a 1977 

Ad amov i ch M. I • et a l . El - 10838 

Inelastic Interactions of 12 C Nuclei with 
Emulsion Nuclei at 50 GeV/c 

Inelastic interactions induced by 12 C relativistic: 
nuclei, accelerated by t~e JINR synchrophasotron in Dubna, 
were studied. Multiplicity and angular distributions of 
charged secondaries were analysed. The average multipli
cities, per one incident nucleon, are close to those for 
2H and 4 He primaries at the same momentul4 per nucleon. 

The angular distributions of the target fragme~ts 
(black and grey tracks) are very weakly dependent on the 
mass number of the incident nucleus. In 90% r,,.r 

12 C inelas-
' 

tic interactions, fragments of the projectile nucleus were~ 
observec. About 2% of inelastic 12 c interactions corres- ! 

1 pond to the process of dissociation of the project:i le 
nucleus into three helium nuclei; in most cases it can be 
interpreted as a two-stage process, involvin~ an inter
wediate ABe nucleus. 
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l. INTRODUCTION 

The interest in high-energy nucleus col
lisions with nuclei has greatly increased 
during a few recent years. This is due to 
the possibility of appearance of collective 
nuclear matter at high density and the va-
1 idity of scaling in the case of collisions 
of compound systems /l/. The aim of the pre
sent work is to obtain basic experimental 
characteristics of the multiparticle produc
tion process in inelastic interactions of 
12 c (P = 4.2 GeV/nucleon) with emulsion 
nuclei. 

II. EXPERIMENTAL PROCEDURE 

Stacks of u~2 nuclear emulsion were 
exposed to a 50 GeV/c carbon beam at the 
High Energy Laboratory of SINR. The inten
sity of the exposure was 2 x 10 4 partic
les/cm 2. Light nuclei with the charge z~s 
constituting a negligible fraction of the 
beam particles were visually identified 
and rejected. 

Along the track double-scanning, fast in 
the forward ancl. slow in the backward direc
tion, was carried out. The total length of 
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the scanned tracks equals 337.9 m; 2468 
inelastic interactions were picked up. The 
one-prong events, with an emission angle of 
secondary particle 0~3° and no visible tracks 
from excitation or disintegration of inci
dent particle and/or target-nucleus, were 
excluded as due to elastic scattering. For 
a further analysis 852 inelastic interac
tions were used. 

In table I the obtained value of the mean 
free path for inelastic 12C-A interactions 
is presented as well as the data for dA and 
uA collisions at the same momentum per 
nucleon /2 •. 1/. 

Table I 
Average mean free path values for inelastic 
interactions in the nuclear emulsion at a 
momentum of 4.2 GeV/c per nucleon. 

farget~--~~~~~--

A exp (cm) A theur. (c1'1) nucleus · · 

211 26.9+0.6 24.1 
4 

!le 19.5+0.3 19.9 

13.7+0.3 13.8 

A exp .-,_1 

21.8+0. 7 

12.8+0.9 
13. 8+o. s 

The table presents also the values Uth~~I 
obtained on the basis of the formula 

"=" 2<Al/3 Al/3 -b)2 ro T + B ' 

where ATand Anare the mass numbers of target 
and beam nucl~i <1nd r 0 =1.23 fm, b = 1.56 -
- o. 2 <A~(.3 +A\{ 3 >141 :In the last column of the 
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table arc the experimeatal values of A for 
the ~llP and 12 C interactions (at 2.1 GeV/c/nuc
le~~) with the emulsion nuclei obtained 
in ' 

The charged secondary particles were divid
ed into the following groups: 

l. Slow (kinetic energy for proton T < 
_ 400 ~leV), heavily ionizing (h) particled',-h 
particles with a dip angle of ''"'30" were fur
ther divided into black (hl (wH.h -T ·· 26 MeV) 
and grey !g) tracks (Tr · 25 MeV). Ih order to 
take into account all the black and grey 
tracks (including those with u :10'') in the 
distributions, a geometrical correction or 
weighting factor K was used for h and !( 

tracks emitted at large angles o · :iw. 
I\ __ ,7.:y. ____ . 

. sin:lO'' 
ar<'s1n-.-

smtl 

2. Relativistic particles of relative io
nization g'g 0 • 1.4 (corresponding proton errergy 
Tr'400 MeV), where g 0 is the ionization at 
the "plateau" in our er.1ulsion stacks 

2a)with an emission angle of o :i 
2b)with an emission angle of 11 :l" 

3. Double-r~arge<l fragments of the inci-
dent nucleus <lefined as tracks with g/g 11 4 

(with no change of ionization when followed 
up to a distance of at least 2 cm from the 
interaction) and with an emission angle of 
o < :r . 

4. Multicharged (Z:_: :l) fragments of the 
incident nucleus define<l as tracks with 
g/g 0 >6 (with no change of ioni:ation when 
followed up to a distance of -1 cm from the 
interaction) and with an emission angle of 
0<0_:l '' 
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The charge of relati\istic fragments of 
the incident nuclei was determined in each 
case by the 8-electron density method. 

Heavily ionizing h-tracks (group (1)) are 
ascribed to the fragmentation of the target 
nucleus, while the parti~les belonging to 
groups (2b), (3) and (4) are further on con
sidered as fragments of the incident nuclei. 

The single-charged relativistic particles 
consist of the particles produced during the 
interaction (mostly pions), relativistic 
recoi~ particles from the target nucleus and 
single-charged fragments of the incident nuc
leus. In this work it is assumed that all 
relativistic particles with emission ~ngles 
O-s_3" ( (2b)group) are due to single-charged 
fragments of the incident nucleus. This 
group of particles contains, however, some 
contamination due torr-mesons roughly esti
mated as 13 %. 

According to the above definition, in 
734 events out of 852 analyzed inelastic 
collisions (i.e., -90%) fragmentation of the 
incident 12 C nucleus occurs. It is worth
while to mention that in the case of u-induced 
nuclear interactions the sa~e criteria lead 
to a value of-50% for the fraction of colli
sions accompanied by the fragmentation of the 
incident nucleus. 

I II. EXPERIMENTAL RESULTS 

a). Multiplici~ secondary particles. 
Table II presents the average multiplicity 
values for secondary particles of different 
types in 12 C-A collisions at 50 GeV/c as well 
as the average multiplicities in 12CA inter-
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Table II 

~ef '(n~ <n). 
ipli- ( > <ng;,. <~> ity DB Z=1 z = 2 

o vent 

All events: 7.9 :!:. 0.3 6.1 ± 0.3 4.4±0.2 1.18;t0.04 0.81;t0.03 

nh '6 I 4.1 ± 0.2 1.0 ± 0~1 1.1;t0.1 1.28±Q.06 1.21±Q.04 

Dh) 6 11.8 :!:. 0.4 111.4 ± 0.4 ?.S;t0.2 1.07:t0.05 0.41;t0.03 

Dh ~28 18.6 ! 0.7 122.J ! o.s ·i1.1t.0·5 0.56;t0.09 O.OG;t0.02 
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actions for various groups of events, namely 
those with Nh:;:6, Nh>6 and Nh>28.In table III 
a comparison of the average multiplicity va
lues for p-A/6< d-A /1<./ and a-A / 3/ interact ions 
is presented. 

It should be kept in mind, however,. that 
while the data for d,a and 12 C interactions 
were obtained in our experiments performed 
at the same momentum per incident nucleon, 
the data for p-nucleus interactions were 
obtained by an interpolation of data obtained 
for close but not the same energies of the 
primary; a compilation of these experimental 
data can be found in /7/. 

In Table IV the nh-ns matrix is presented. 
The multiplicity distributions of h tracks 
f:ir 12CA collisions are shown in fig. 1 as 
well as the nh -distributions for pA 16 ( dA /zi 
and uA/3/ interactions. 

The mean multiplicity of relativistic 
s -particles increases rapidly with increas

ing the mass number of the projectile nucleus 
IA ro· I.The grey track multiplicity also incre
aled with iTJ.creasing Aproj.• while the multi
plicity fra~ments of the target nucleus 
( h particles) decreases weakly with increas
ing of A . 

proj. 
An analysis of the data from our present 

experiment and the data obtained in the 
works /z, 3, 6/leads to the conclusion that the 
ns, n~and nb distributions significantly 
change with increasing Aproj. value: thens 
distribution becomes broader (with no major 
change of its general shape), however; the 
n ~ distribution for higher Aproj. values con
tains an increased contribution of high 
n11 events; the nb distribution for higher 
Aproj. values contains an increased contribu-
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Table III 

'DA. dA of.A 12cA 

<. n;> 1.6 :!:. 0.1 3.1 :!:. 0.1 4.4 ±. 0.1 8.1 :!:. 0.3 

(og) 3.6 ± 0.1 2.3 ± 0.1 4.? ± 0.2 G.I ± 0.3 

l l°b) 5.? ±. 0.2 5.3 :!:. 0.1 4.? ±. 0.2 4.4 :!:. 0.2 

M In these average multiplicities the number of s-particles 

with Q < 3° is included. 



Table IV 

a 1 ' 2 · i • s 6 , & 9 10 11 12 13 '" is 16 ,, 1e 1~ 20 ~21 22 zi 2~ 2s u; 21 ?B SUM 

- ' 

j'!_ 

U: 
ll 

I 
j 

' . ~: 
I 1 

. I 1 
I 

I 1 
" 

In the distribution the following events are 
not inc 1 uded : n~/nn=tll/1+1+;12lsl;l3/so;1s/1+6;11/1+s,nka;19,l<s.2*1; 

29/21; 30/2s; 30/33; :;31za; 35/31 
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r:-Tl 
l . cl. 
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-r-,.-· 
0 <O 15 ZS 35n~ 

Fig, 1. The nh dist.ribut.ions p-A ,a-A and 
12C-A collisions. 

tion of high n events; the nh distribution 
for higher Apro~ values contains an increased 
contribution of low multiplicity (nh =O,l) 
and very high multiplicity events. 

An interesting conclusion can be derived 
from the aJ1alysis of the multiplicity Je
pendence on the number <n int > of primary nuc 1 e
ons which have interacted with the target 
nucleus. An estimation of this value can be 
obtained from the total charge (Q) of the ob
served secondary relativistic fragments which 
have not interacted, Q= :£niZ;, where "; is the 
number of fragments with charge Z; in any 
gi~en star. The Q distributions is given in 
fig. 2. It can be seen that the distribution 
is almost uniform. The values of Q>6 appear 
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.l1r!. D/ 
dQ.' /O 

15 

5 

0 2 3 4 s I) G.~1 Q. 

Fig. 2. The distribution of the total charge 
Q of the 12C projectile fragments which have 
not interacted with the target nucleus. 

in a small number of events due to uncer
tainties in the identification of single
charged fragments. The number of interacting 
nucleons of the projectile nucleus is on the 
average close to n int = 12-2.Q, the value being 
slightly overestimated. 

Figure 3 shows the dependence of the 
average multiplicity values of secondary 
particles on the value of n int (and on Q). 
One can see that the multiplicity values 
increase rapidly with increasing "int (or de
creasing Q). 
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Fig. 3. The average multiplicity values of 
secondaries versus II. 

rnt 
and Q. 

The value of "int (or Q) seems to b~ a con
venient experimental value, which can be 
used for classification of nucleus-nucleus 
interactions according to the degree of the 
"peripherality" of interactions. It seems 
reasonable to treat interactions with small 
Q ( or large "int) as "central" ones and those 
with large Q as "peripheral" ones, with a 
large value of the collision parameter. 
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b) Angular distributions. In fig. 4 the 
angular distributions of fragments of the 
incident nucleus in the region of small 
angles are compared with similar data for 
dA and aA collisions /2,3/, 

Fig. 4. The angular distributions of the 
projectile fragments of charge a) Z =l, 
b) Z =2 and c) Z ~3 and analogous data for 
d-A and a-A collisions. 

The angular distributions of single and 
double charged fragments are rather similar 
for 17.c-A and a-A interactions. The average 
values of emission angles for fragments 
decrease with increasing the fragment mass 
(the distributions are narrower). This fact 
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was observed in many earlier works in which 
the fragmentation processes of relativistic 
nuclei have been studied. 

The angular distributions of s, g and b 
particles for 12

CA interactions (not shown 
here) do not differ within experimental 
errors from those for collisions of lighter 
(p,d,u) projectile-nuclei. 

Figures S,6represent the angular distribu
tions of g and b particles in 12 CA events 
for various numbers of interacting nucleons 
in the projectile-nucleus (n; 01 or Q). The 
distribution shape is weakly dependent on 
n int , while the dispersions of the angular 
spectra do not depend on nint (or Q) within 
experimental errors. 

The angular distributions do not show 
within statistical errors any structure which 
could be due to mechanisms of the shock wave 
type. 

c) The 
12

C ... 3u dissociation. The dissocia
tion reactions nc-.3u, being of a parti
cular interest, were studied separately. The 
events characterized by the presence of only 
3 charged secondaries, each being emitted at 
an angle of O ~ 3° and with charge Z = 2 
(determined by 5-electron density mrthod), 
were further considered as 12 C-.3u dissociation 
events. 

20 events of such a type were selected out 
of 852 inelastic 12C..A interactions, and addi.
tional 8 events were found in the course of 
further scanning. It is assumed that the 
momentum of each a-particle emitted from 
such di~sociation events is equal to 1/3 of 
the momentum Po of the incident carbon 
nucleus. Consequently, the transverse m~men
tum of each secondary a-particle equals 

15 



30 

20 

10 

:::\ 

1:os8~' = 

x 

• 

I I 

0 • 

o - -;_ = 0 (N ° •? 1 5 

• - :i= 1,2 (N=1935; 
x - :;_ ~ 3 (N~1zgs; 

0 

x 

10 O.B 0.6 0.4 0.2 0.0-0.2 0.4-0.6-0.8-10 
Cose~ 

Fig. 5. The angu
lar distributions 
of g-particles for 
the interactions 
with various valu
es of 11 ;n 1 • 

p j_ i -- 1,•;3 p () ('1180 i • 

The vector sum of 
PL; is equa 1 to 
the transverse mo
mentum transferred 
to the 12C nucleus 
in the diffraction 
scattering process. 
ConseGuently, to 
a first approxima
tion, the trans
verse momentum of 
an a-particle in 
the 12 c nucleus 
is equal to 
-• I ~! , 
p; i ' p j_ i- :! - p 

i· I 

and the Jistrihu
tion of P}; values is shown in fig. 7. 

In 18 out of 28 analyzed events of the 
12 c ~ ~ reaction the following structure 

was observed: two a-particles are emitted in 
a very narrow angular cone (with a very low 
relative Pl momentum), while, probably, Pl 
of the third a-particle compensates the sum 
of transverse momenta of the other two. This 
observation indicates that the diffraction 
dissociation 12 C ~3a is going in a cascade 
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Fig. 6. The angular distributions of h-par
ticles for the interactions with various 
values of n int· 

way, via an intermediate ~estate. It is known 
that a similar process was observed in the 
case of low energy photon interactions with 
12C nuclei. 

IV. CONCLUSIONS 

The results of this paper can be summa
rized as follows: 

1. The average multiplicity values for 
secondary particles per interacting projec-
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10 

Fig. 7. The Pl distributi
on for secondary a-partic·
les from the 12 c 4 :lu reac
tions. 

40 80 IZO 160 ZOO 240 260 320 

tile-nucleon are close for the interactions 
of d and a-particles and 12 c nuclei with 
emulsion nuclei. 

2. It is found that charged fragments of 
the projectile-nucleus arc observed in almost 
90% of inelastic 12 CA i11teractions. 

3. The dissociation process of the carbon 
nucleus into three u-particles has been oh
s e r v e d . I t s c on t r i bu t i on i s a bo u t 2 . 3 % o f 
the total number of inelastic interactions. 

A more detailed investigation of 12 C1\ in
teractions is being carried out by Collabo
ration Laboratories, and results will be 
published elsewhere. 
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