
E1 · 11517 

SECONDARY PARTICLE MULTIPLICITY 

AND THE NUMBER OF 

INTERACTING NUCLEONS 

IN THE COLLISIONS OF p,d,He AND C 

WITH TANTALUM NUCLEI AT 4.2 GeV /c 

PER NUCLEON 

Alma·Ata· Budapest -Bucharest·Cracow·Dubna· 
Moscow-Prague· Sofia·Tashkent·Tbilisi· 
Ulan Bator· Varna-Warsaw· Yerevan Collaboration 

1978 

2 



E1 - 11517 

SECONDARY PARTICLE MULTIPLICITY 

AND THE NUMBER OF 

INTERACTING NUCLEONS 

IN THE COLLISIONS OF p,d,He AND C 

WITH TANTALUM NUCLEI AT 4.2 GeV fc 

PER NUCLEON 

Alma-Ata- Budapest -Bucharest-Cracow-Dubna­
Moscow-Prague- Sofia-Tashkent-Tbilisi­
UlanBator-Varna-Warsaw-Yerevan Collaboration 

Submitted to .J/41, to the Organizing Committee of the 
IX International Symposium on Many-Particle 
Processes {Tabor, CSSR) and to the International 
Conference on High Energy Physics, Tokyo, 
August, 1978. 



AHI·enoe H. H ap. 
El - ll517 

MuoJKecTeeHHOCTb BTOpH'IHbiX '!aCTHU H 'IHCno B3BHMOilelicTeyJOIUHX 
JIYKITOIIOB B CTOITKHOBeUHSIX p , d , He H C C Slllp8MH T81IT8IT8 
npH HMnynbce Po = 4,2 faBinyKn. 

B pa6o'leM o6beMe aeyxMeTpoeoli nponaHoeoli KaMepbi paaMewena Mll­
weHb, COCTOSI!UBSI H3 Tpex T81IT8JIOBblX (A-181) nnaCTHII TOITIUHHOii 1 MM, 
KaMepa aKCnOimpoeanacb a ny'IKax Hnep p , d , He u C npu HMnynbcax 
Ha uyKnoH Po = (2-5) faBle. nony'leHbi ce'!eUHH Heynpyrux eaanMOileli-
eTBHil p , d , He u C e SlllpaMn yrnepoaa 11 TaHTana npu P0 = 
= 4,2 faBle. 3&:nepuMenTanbnbie eenH'IHHbi ee'!eHuli HaXOilSITCSI B yaoe­
neTeopuTenbnoM eornaeHH e pae'leTaMH no MoaenHM, ocuoeaunbiM ua 

reOMeTpH'IeeKHX npeaeTanneHHSIX. J1cenellOB8H8 38BHe<IMOeTb MHOlKeCTBeHHO­
eTei! BTOpH'IHbiX '!aeTHU OT '!Hena 1IpOB38HMOileilCTBOB8BIUIIX HYKITOHOB Slllpa­
eH8pSIIl8 <vt >. M HOJKeeTeenHoeTH "- -Me30HOB 11 6bieTpbiX npoToHOB 
( P P ~ 700 MaBie) paeTyT npHMepHo nponopUHOHa.TibHO •merry <vi>, Toraa 
K8K H3MeHeHHe MHOJKeeTBeHHOeTH g -qaeTHU 38MelliTSieTeSI C yeeiTH'IeHHeM 
'JHena <vi >. 

Pa60T8 BbinOITHeHa B na6opaTOpH11 BbieOKHX aHeprHi! 011fiJ1. 

npenpHHT 06beAHH6HHOrO HHeTHTyTa Slll6pHblX HCCIT61lOB8HHii, lly6na 1978 

Angelov N. et al. El - ll517 
Secondary Particle Multiplicity and the Number of 
Interacting Nucleons in the Collisions of p , d , He 

and C with Tantalum Nuclei at 4.2 GeV/c per Nucleon 

A target consisting of three tantalum (A-181) plates 1 mm thick 
was placed in the working volume of the 2 m propane bubble 
chamber. The chamber was exposed to p , d , He and C beams at 
momenta of (2-5) GeV/c per nucleon. The inelastic cross sections 
of the interactions of p , d , He and C with carbon and tantalum 
nuclei at P0- 4.2 GeV/c were obtained, The experimental cross 
sections are in satisfactory agreement with cal culations by geo­
metric models, The dependence of secondary particle multiplici­
ties on the number of interacting nucleons of the projectile nucleus 
<vi > was investigated. The multiplicities of ,- -mesons and fast 
protons ( Pp ~ 700 MeV/c) grow approximately proportional to 
the number <vi > while the change of the g -particle multiplicity 
becomes slower with increasing the number <vi>. 

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

At present experimental and theoretical studies of the 
inelastic interactions of relativistic nuclei with the heavy 
nucleus are of great interest 11 •21 . In inelastic nuclei 
collisions not all nucleons of the incident nucleus inter­
act. Some nucleons remain spectators. Nucleon-specta­
tors are often called stripped ones. Determining experi­
mentally the number of stripped nucleons v 8 • one can 
know the number of interacting nucleons in each ineals­
tic collision. However, the detection of neutrons is con­
nected with certain methodical difficulties. Knowing the 
number of proton-spectators, the average number of 
interacting nucleons can be obtained by the formula 

<vi> x2(Z-<z 
8
>). (1) 

where Z is the incident nucleus charge and <z 8> is the 
average charge of stripped particles. To define <z 8 >. it 
is not important whether a proton-spectator is a part of 
any stripped particle (d , t , 3 He , 4He etc.) or it is in 
the free state. 

For correct comparison of secondary particle multi­
plicities in the collision of relativistic nuclei with the 
heavy nucleus, it is necessary to select events of the 
incoherent type. Experimental material has to corres­
pond to inelastic interactions 

a. 
lll 

~a 
tot 

-a . 
coh 

(2) 
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Elastic scattering on the nucleus as a whole and 
nucleus diffraction break-down are attributed to cohe­
rent processes. The contribution of coherent particle 
production processes at our energies is negligible. 

2. THE METHOD OF OBTAINING EXPERIMENTAL 
MATERIAL 

A target consisting of three tungsten (A=184) plates 
0.8 mm thick was placed in the working volume of the 
2 m propane bubble chamber (High Energy Laboratory, 
JINR131 ). The distance between neighbouring plates was 
equal to 93 mm. The target plates were located in the 
first part of the chamber parallel to the photographic 
system stereobase. Afterwards, for technical reasons 
tungsten plates were replaced by tantalum (A"' 181) ones 
1 mm thick. The chamber was exposed to p , d , He and 
C beams at the following momenta per nucleon: P 0 -

"" (2.2; 4.2; 5.6; 9.9) GeVjc for protons: P0 = (2.2; 4.2; 
5.15) GeVjc for deuterons, He -particles and carbon 
nuclei. In this report we present the experimental ma­
terial obtained at P 0 "" 4.2 GeVjc. Practically all 
heavy hadrons with a kinetic energy of T :S 25 MeVjnucl., 
b - particles in emulsion terminology, were stopped in 
their passage through the plate and - 3 mm propane. 
Nonrelativistic tracks with a high ionization of I :z 2I min 
are cQnsidered to be g -tracks. The ionization density 
I - 2I min corresponds to the protons with P -::. 
= 700 MeVjc. In our definition the contaminadbn of 
b -particles to g -tracks is equal to - 3%. The contami­
nation of nonidentified short tracks from rr -mesons is 
negligible. 

3. INELASTIC CROSS SECTIONS OF THE INTERACTIONS 
OF p, d, He AND C WITH CARBON 
AND TANTALUM NUCLEI 

The cross sections in barns are presented in Table 1. 
The inelastic cross sections ain correspond to formu-

4 

la (2). The cross sections of inelastic interactions on the 
carbon target were obtained from the relation 

ac a3a +8a 
aHs c P 

(3) 

Table 1 

~ p d. He c 
c 0,250±,0,0!5 0,38;tQ,02 0,44,i<),02 0,79,i<),05 

Ta. !,67 ,i<),II I,94,tO,II 2,34z.O,I2 3,67,i<),22 

Here ac 3H8 is the cross section on the propane mo-
lecule found in the experiment: a c the cross section on 
the propane carbon; aP the cross section on the propane 
proton. The cross sections of p p , d p , Hep and Cp 
interactions were taken from the literature 14 •51 . Figure 1 
shows the dependence of the inelastic cross sections on 
the atomic weight of projectile nucleus Ai and target 
nucleus At . The solid line corresponds to the calcula­
tion by the model of hard spheres with overlapping 

""R2(A113A113_b)2 
a in " 0 i + t ' (4) 

where R0 .. 1.45 jm and b.. 1.25. 
The available inelastic cross sections obtained by the 

track method are satisfactorily described by the depen­
dence (4). The calculations by the soft sphere model 191 

are marked by crosses (fig. 1). The experimental values 
of the nuclei radii were taken from ref/ 1 o;. One can see 
that the experimental cross sections of inelastic inter­
actions, within errors, are in satisfactory agreement with 
theoretical calculations 16 •91 . However, the inelastic 
cross sections for the interactions of light nuclei with 
tantalum show that the dependence on the projectile nuc­
leus atomic weight differs from that calculated by the 
geometric model/6/, 
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Fig. 1. The inelastic cross sections versus the atomic 
weight of projectile nucleus A 1 and target nucleus At 

4. AVERAGE MULTIPLICITIES 
OF SECONDARY PARTICLES 

Table 2 presents the experimental average characte­
ristics of the inelastic interactions of incident nuclei p , 
d , He , C with the tantalum nucleus. Here <n_ > , <n >, 
<n g> are the multiplicities of negative particles ( 77 -- + 
mesons), positive particles and g-tracks;<n > is 

TT/l e 

the multiplicity of slow rr+ -mesons with a kinetic ener­
gy of - (10-60) MeV decayed into rr + -+1-L + -+ e+; <n 

81 
> 

is the number of single-charged stripped particles; <n82 > 
is the number of stripped particles with charge Z ~2 ; 

6 

1 
1 

l 

Table 2 

Average'\. A 
mm:~ers i 

p d Be c 

<.t\_') 0.45t, 0.02 o.ss t o.o6 1.36 t 0.04 3o 10 t 0.25 

<"".-> 4.28:!:. 0.17 6.80 t 0.40 9.52 t 0.30 14.90 t 1.20 
<""s> 2.71t 0.12 4.00 t 0.25 5.30 t 0.16 6.70 t 0.50 
<~> Oo06t Oo01 0.10 t 0.02 0.15 t 0.01 0.33 t 0.04 
<~aL"> - 0.20 t 0.02 0.45 t 0.03 1.10 + 0.10 
< t\\2.'). -- 0.09 t 0.01 0.65 t 0.06 
< "f> -o.sst o.o5 1.92 t o. 13 2.86 t 0.12 5.10 t 0.50 
<1t> 10 0 1.60 t 0.05 2.74 t 0.10 6.00 t 0.60 
f/& 3.11 t 0.13 2.85 t 0.20 3.22 t 0.10 3.60 t 0.30 

Nut 862 347 1460 215 

<np > is the number of fast protons with PP >-.700 MeVjc; 
<v 1 > is the number of interacting nucleons of the inci­
dent nucleus; F /I3 is the forward-backward relation 
for g -tracks in the laboratory system; N tot is the 
number of inelastic interaction events. The average 
multiplicity <n+> is equal to the sum of average multi­
plicities <n g > , <np > , <n

77
.y. Stripped particles do not 

enter into the given numbers <n+ >. The total number 
of positive particles is equal to the sum of numbers <n+> , 
<nst> ,<ns2> · 

As a result of analysis of possible distortions and of 
making corrections, the average multiplicites of positive, 
negative and nonrelativistic particles differ from the 
scanning multiplicity by no more than - 5%. 

The number of stripped particles was determined by 
counting positive tracks with a momentum of P + ~ 
>_ 3 GeVjc and an angle of ¢54 °. For single charged 
particles a definite part of contaminated events was sub­
tracted using the experimental pTa data. The average 
charge of stripped particles was defined by the formula 

~n ·q· < z > • __ s_I_.!_ 
s ' 

Ntot 
(5) 

where n si is the number of stripped particles with 
charge q 1 . In the stars of CTa collisions the charge 
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of many-charged particles was identified by the o -
electron density and the secondary interaction of carbon 
fragments in propane !111. The number of interacting 
nucleons was obtained by formula (1). 

The average multiplicity of fast protons with a mo­
mentum of P P ~ 700 MeVjc was determined in the fol­
lowing way. For proton irradiation the number of g -
tracks and the calculated number of "+ -mesons (see 
table 3 and below) are subtracted from the total number 
of positive particles 

n ,. n -n -n + 
p + g 1T 

<")\liN 
<.n.'(-> 
(.1'\.~-t) 

pN 

0.32 t 0.01 

0.45 t 0.02 

Table 3 

nB 

0,46 t 0.0) 

0.27 t 0.01 

(6) 

For d , He and C irradiations the number of g -
tracks, "- -mesons and stripped particles are subtracted 
from the total number of positive particles 

n .. N -n -n -n 
p + g 1T- s (7) 

In d , He and C interactions the average numbers <n
77
_> 

and <n
77
+> must practically coincide. A negligible dif­

ference appears due to various numbers of neutrons and 
protons in the tantalum nucleus, <n

77
_> ~ <n

77
+ >. 

Figure 2 presents the average multiplicities versus ~· 
The solid lines.connecting the experimental points are 
drawn by hand. One can see that the average multiplici­
ties grow over the whole interval of Ai values. A rise 
in the number <n > becomes slower in the region Ai-4 
Table 2 shows thal increasing the multiplicity of slow 
"+-mesons is proportional to the growth of the average 
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Fig. 2. The average multiPlicities of positive :Particles, 
g -tracks, fast Protons with PP >- 700 MeVjc and negative 
hadrons versus the projectile nucleus atomic weight. 

multiplicity <n 77 ->. i.e., in the region of kinetic energies 
- (10-60) MeV there is no anomalous increase of " -
meson production with growing atomic weight A i . The 
ratio F/B within experimental errors, is independent 
of Ai • 

For correct comparison of nucleon-nucleus NA and 
nucleus-nucleus AA collisions in our energy region 
(2-5) GeVjnucleon we need experimental data on neut­
ron-nucleus nA interactions. Unfortunately, experimen­
tal data on n Ta interactions are not available. This is 
the reason why the average multiplicities of "- -mesons, 
g -tracks and fast protons are compared under the fol­
lowing assumptions: + 

1) Using the data for the average multiplicity of "- -
mesons in pp and np -interactions, the average multi-
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