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1 • INTRODUCTION 

Interest in studying re~ativistic nucleus-nucleus interac
tions arises from the fact that under some definite conditions 
in such interactions the quark degrees of freedom should mani
fest themselves. 

It has been estaЬlished that quarks in hadrons are bound re
latively weak. The characteristic momentum of а quark in а had
ron is approximately 0.3 GeV/c. This means that if the momentum 
transfer (per quark) is much greater than 0.3 GeV/c, quarks can 
Ье treated а& quasi-free particle~. 

Selection of interactions with large momentum transfers has 
led to the discovery of the cumulative effect and allowed one 
to estimate quark momentum distributions inside nuclei: quark
parton structure functions of nuclei. It should Ье stressed 
that cross sections quickly fall down with increasing momentum 
transfer above 0.3 GeV/c. Thus, the contribution of hard pro
cesses to the total inelastic nцcleus-nucleus cross section is 
small. 

In studies of multiple production processes it has been 
found that the mean transverse momenta of generated particles 
are of the same order of magnitude as the mean Fermi momenta 
of nucleons in the nucleus. 

This implies that: 
i) The contribution of hard processes to multiple meson 

productinn cross section is small. 
ii) Nucleons (and not quarks) of interacting nuclei should 

Ье treated as quasi-fre~ particles. 
Therefore multiple production process~s in relativistic nuc

lear interactions have to Ье described Ьу models based on the 
assumption of independent interactions of nucleons from col
liding nuclei. 

Experimental data on ~ultiple meson production in collisions 
of relativistic nuclei are important not only to check the 
above models but also to create а general picture of relativis
tic nuclear physics. 

This paper is devoted to а study of characteristics of " 
production in interactions of light nuclei ( р , d , а , С ) with 
carbon at а projectile momentum of 4.2 GeV/c per nucleon. This 
paper is а continuation of а series of our studies of interac
tic•s of light relativistic nuclei with light and heavy targets 
in the 2 m propane bubЬle chamber, JINR/1-5/, 
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In our previous papers resu1ts have been reported on ine1as
tic croзs sections of nuc1ei, "- meson mu1tip}Jicities for in
e1astic interactions with carbon and tanta1um l-З/ and kine
matic characteristics of "- mesons generated on tanta1um tar
get / 4,5/ and in "centra1" се interactions / 5/, 

Estimates of the size of the interaction vo1ume obtained 
using interferometry of identica1 partic1es are given for "
mesons in ~aper/5/ and more comp1ete1y for various partic1es 
in papers 6,7/, The production of "- mesons Ьу re1ativistic 
nuc1ei at simi1ar energy on different targets has been a1so 
studied using an SКМ-200 streamer chamber /8- 10/. 

2. EXPERIМENTAL DATA 

Experimenta1 data have been obtained using the 2m propane 
bubЬle chamber (Laboratory of High Energies, JINR) p1aced in 
а magnetic fie1d of 1. 5 Т and exposed to beams of Р , d, а , 
and С nuc1ei from the synchrophasotron with а momentum of 
4.2 GeV/c per nucleon. 

Interactions with propane in а chosen fiducia1 vo1ume inside 
the chamber were scanned, measured on semiautomatic devices 
SАМЕТ and reconstructed Ьу the GEOFIT programme on а CDC- 6500 
computer. . 

Interactions with carbon nuc1ei were se1ected from а11 in
teractions of beam nuc1ei with propane (СзНв) using criteria ba
sed on the determina tion of the tota1 charge of secondary par
tic1es,the presence of protons emitted backward and so on.This 
method,described in detai1 in/ 111,a11ows one to se1ect 70-80% of 
а11 ine1astic interactions with С (see ТаЬlе 1).The designations 
in ТаЬlе 1 are: N ca1 is the number of ine1astic interactions 
ca1cu1ated from the cross sections u~c and и~ with event 
r egistration efficiency in а propane bubЬle chlmьer taken into 
accountll 1/ , N se1 is the number of interactions se1ected using 
our se1ection criteria and n са 1 and nse1 are the numbers of "
mesons in Nc a1 and Nsel interactions, respective1y*. 79-85% 
of а11 "-mesons, produced in ine1astic АС collisions, be1ong 
to events se1ected as interactions with С (see ТаЬlе 1). The 
АС interactions, not satisfying the se1ection criteria, were 
co11ected together with ine1astic Ар interactions to form 
а group of ambiguous events (N in + N in) and were separated on1y 

. . 
11 

Ар АС stat1st1ca у. 

The corresponding "- distributions from рр interactions 
were subtracted from the mu1tip1icity, moment~ and ~ngu1ar 
distributions of "- mesons for the group of (N;; + N;ё) events, 

*All secondary negatively charged particles were taken as 
" mesons.The admixture of other particles does not exceed 1%. 
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ТаЬ],е 1 

NumЬers of events and "- mesons 

рС dC аС се 

Nca1 1834 2171 1872 1644 

Nsel 1291 1722 1421 1212 

N"e1 / Ncal(%) 70.4 7~.3 76.0 73.7 

ncal 641 1502 2060 2389 
sel 537 1254 1638 2036 n 

nsel / ncal( %) 83 . 8 83.5 79.5 85.2 

and the resu1ts were summed with the distributions obtained 
for "-from рС interactions which satisfied our se1ection cri
teria . The "- mu1tip1icity distribution in ine1astic рр in
teractions was taken from / 12/ ,The number of "- mesons from in
e1astic рр interactions was estimated as described in/1 1/. The 
"- distributions for се interactions were obtained in а simi-
1ar way. In t his case the "- distributions for Ср interactions 
obtained in our experiment were subtracted from the "- distri
butions for the group of (N ~ + N~nc) events *. . 

The momentum and angu1ar distributions of "- mesons for dC 
and аС interactions were obtained under the assumption that 
"- distributions in unseparated dC and а С events are the same 
as .the corre~ponding distributions for the whole group of 
(N d~(ap) + N1dC(aC) ) events. This assumption was unavoidaЬle 
as there is no experimenta1 data on "- mesons from ~ and ар 
interactions at 4.2 GeV/c per nuc1eon. Distortions in the "
distributions are sma11 because on1y 15- 20% of "- come from 
the unseparated group, and dC(aC) events, not satisfying the 
se1ection criteria, are main1y periphera1 d and а interac
tions with quasi-free nuc1eons of the carbon nuc1eus, and they 
are simi1ar to ine1astic dp(ap) i~terac tions in character . Be-

tn . f h cause of а weak dependen~eof <n_>Ap on the atom1c mass ~ t е 
projecti1e (namely, <n_>~np = ~.30.:!:_0.0! for N ~nd <n_>

1

nтa= 
= 0.45.:!:_0.02 : 21 for . Та ) , < n_>~n = <n_>: • <n_>c , The la~t 
number <n >1cn obtained in this ekperiment.P is equa~ to <n >·tn • 

- Р - рС 

The mean mu1tiplici t y is calcu1ated as <n > = ~with Nin 
- Ntn 

~ 

the number of ·ine1as tic interactions and n the tota1 number 
of "-mesons in these interactions with corrections for "- 1osses. 

*The distributions of " - mesons f or рС interactions were 
transformed into the antilaЬoratory system. 
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The azimuthal angle distributions of "- mesons show that on
ly for се interactions there are some small losses (about 3%) 
towards the bottom of the chambeт . 

"- mesons are well identified above а 70 MeV/c moment~. The 
losses of slow "- mesons vary from 2.5% for рС to 4.5% for СС 
interactions. The most рrоЬаЫе error in estimating the meson 
momentum is (6-8)%, the mean error ~р _;р _ = 11.5%, and the 
mean error in determining the emissioR angie <де>= 0 . 5°. 

3. МULTIPLICITY OF "- МESONS 

The multiplicity distributions of "- mesons in interactions 
of light nuclei with carbon are shown in Fig.1; and their ave
rage multiplicities and dispersions, in ТаЫе 2. From Fig.1 it 
is seen that with increasing the atomic mass of the projectile 
the "- multiplicity distributions become broader (n~ax ) рС = 3 
and (n~ax )се= 8, and correspondingly the mean "- multiplicity 
and dispersions increase. In our earlier papers l l-3/,in which 
"- multiplicity distributions obtained from scanning data are 
presented, it is shown that for АС interactions the form of 
these distributions is nearly Poissonian. The "- m~ltiplicity 
distributions have been recently obtained from the events mea
sured and compared to the Poisson distribution with <n_> = 
= <n > 1131.rt has been shawn that experimental and calculated 

- ехн 
probabil1ties are almost the same. One can also judge about si-
milarity of both distributions from the relation between <n_> 
and dispersion D_. For the' Poisson distribution <n_>=D,: , 
In ТаЫе 2 are presented the values of the ratio <n_> I D! , 
They are compatiЫe with unity within 2-3 standard deviations. 
The ratio <n >ID2shows а certain tendency to decrease with in
creasing the -atomic mass of the projectile. 

Dispersion of the multiplicity, distributions increases li
nearly with increasing <n_ > • ·Approximating the experimental 
data Ьу the linear function D =а <n > + Ь, we get: а= О. 70+0.02, 
ь = 0.25.:!:_0.04 with х2 = o.8/D. F. - -

It is known that for рр and np interactions over а wide 
momentum range (4-2070 GeV/c for рр and 4-400 GeV/c for np) 
the D1 dependence on <n t > is well described Ьу the empirical 
linear WroЫewski formula 114/ D 

1 
=А <n+ >_в with АРР 

= 0.580+0.004, ВРР = 0.560+0.015 and - Anp = 0.56+0.01, Bnp= 

= 0.14+0.04 11 5/, Taking into-account that for PJ) interactions 
n 1 = 2n=+2 and for npn1 =2n_+1 and D_=l/ 2D 1 ,we have D~P 
= 0.58 <n_>+ 0.30, onp = 0.56 <n_>+ 0.21. Comparing these а 
and Ь parameters with those quoted above, one can draw the 
concl~sion that dispersion in nucleus-nucleus interactions in
creases with <n > faster than in Np interactions. 
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ТаЬlе 2 

Multiplicities and dispersions of multiplicity 
distributions of "- mesons for inelastic nucleus
nucleus interactions 

.,: n-"' 

D-

< n _:7 /D~ 

<- n?DCM 

D_ DCM 

.::: n?DCM/(D~ )DCM 

< n ::> МSМ 

D_мsм 

<- n ?MSM / (D~ )МSМ 

рС 

0.33±0.02 

0.54±0.02 

1.14±0,08 

0.42±0.01 

0.58 

!.23 

dC 

0.62±0,03 

0. 71±0.08 

!.23±0.08 

0,68t,0.02* 

0.77 

1.15 

0.53±0,0! 

0.64;t0.01 

!,28±0.02 

olC 

1,07±0.05 

0. 98±0,05 

I.II±0.08 

1.!6±0.03 * 

!.08 

!.07 

0,84±0. 0! 

0.89;tO.OI 

I ,06j;0,02 

се 

1,52±0,08 

!,34±0.07 

0,85j;0,07 

1,49;t0.02 

1.47 

0,70 

1.44±0.02 

1.48±0.01 

0,66±0,01 

* Calculated for an incident momentum of 4 . 5 GeV/c per nucleon. 

Such an increase is characteristic of interactions with 
nuclei . 

If we assume that nucleons from the projectile interact in
dependently in the target nucleus, then we have the relati-
on /2,16/ 

0 2=< .(DNB)2 <NB2D2 _ v> _ + n_ > v ( 1) 

with D- the dispersion of "- mult~licity distribution from 
nucleus-nucleus АВ interactions; D В the dispersion of " 

...-

.~· 

.. 
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Fig .1. Multiplicity distributions of 11- mesons for рС, 
dC , аС and СС interactions ; • - experiment, о -
MSM, !'!,. - DCM. 

multiplicity distribution from nucleon-nucleus interactions; 
<v> the mean number of nucleons from nucleus А which interact 
with nucleus В ; D the dispersion of the distribution of the 
number of nucleons .

11
from nucleus А participating in interaction 

with nucleus В; and n~ 8 the mean 11- multiplicity for nucleon
nucleus interactions. 

From formula (1) it follows that the increase of the squared 
dispersion of the 11- multiplicity distributions in nucleus-nuc
leus interactions as compared to <v>(DNR)2 is caused Ьу the 
term characterizing fluctuations in the number of interacting 
nucleons from the projectile. The contribution of this term is 
small for collisions of light nuclei, and it increases with in
creasing the atomic mass of interacting nuclei/2, 171. 

We shall now investigate the influence of projectile atomic 
mass on the mean 17-multiplidity. The approximation of the <n_> 
dependence on А Ьу power function n_"' kAa does not give .а good· 
value of х 2 • At the same time а well defined linear dependence 
exists between the mean 11- multiplicity in (d,a,C) interac
tions with С and the mean number <v> of nucleons from the 
projectile which have interacted in the target <n_ >АС= а+ Ь <v> 
(Fig.2), where а= 0.09+0.04 and Ь = 0.38+0.03. The mean va
lues of v have been obtained experimentally-for deuteron and 
а primary beams using the relations <v> .. 2<v > , <v > "' 
"'(ZA-<ZЖtr >),1i.тhere '<v. >is the mean numЬerpof interad'ting 
protons from the projectlle nucleus А ; ZA the charge of the 
nucleus А and <Z,\ 1r > the mean charge of stripping fragments 
from the nucleus :А. The fragments with mome~tum 1 ь i Z> 3 GeV/c 
and emission angle ~ а Ь < 4° are called "stripping /" /'!./. For СС 
interactions there are some difficulties in the experimental 

6 

ТаЬlе 3 

Average numЬers of nucleons of the proje·ctile nucleus А 

interacting with car bon nucleus 

dC аС се 

<v>exp 1.3+0.1 2.5+0.1 

<v> (2) 1. 33 2.36 3.83 

<v> MSM 1. 3 2.0 3.5 

estimation of <v> connected with the identification of frag
ments with Z > 2 from С projectile / 16 •181. For these interac
tions <v> was calculated from the formula / 19 •20 / 

in 1 m 
~v>=AuNC и АС • (2) 

where А"' 12; и~"с and иl"с are the inelastic cross sections 
for NC and АС interactions, respectively, taken from ref·./ 31. 

Formula (2) is obtained from the independent collision mo
del (!СМ) assuming that nucleons from the projectile interact 
with the target independently. 

In ТаЬlе 3 experimental values o'f <v> for dC and а С inter
actions are compared with numbers calculated frore formula (2), 
using experimental cross sections, and with numb ers calculated 
from the multiple scattering model (MSM) / 21/. 

For dC interactions all three values of <v> 
аС interactions the value of <v> (~1 is c loser 
rimental value of <v с > than <v> а г:иsм.Fоr this 

а . а• · 
structing the experimental dependence of <n_ >on 
we use for <v>r.c the estimate of <v >~t. 

agree. For 
to the exP,e
reason in con
<v> (Fig. 2) , 

In ТаЬlе 4 are shown mean values for 11- multiplicities cal-
culated from the formula 

<n >АС"' <n >N C <v> - - (3) 

with <n >NC = 112( <n >ре+ <n >"с) = 0.42+0.04, as well as va-
- - - - NB 

lues of D_ calcula t ed from forinula (1) with D_ = 0.55+0.03. 
All the calculated numbers are in good agreement with the ex
perimental values (see ТаЬlе 1). This shows that in interac
tions of light nuclei (d,a,C) with carbon the nucleons of the 
projectile interact with the target predominantly independent
ly one from another. 

In order to understand the mechanism of pion production i n 
nucleus-nucleus i n teractions, the experimental 17 -multiplici
ties were compared with results obtained from the Dubna version 
of the cascade model (DCM) 122/ and from the mult i ple · scattering 
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ТаЬlе 4 

Average pumЬers of rr mesons and dispersions D_ 
calculated from formulae (3) and (1) 

dC 

<n_ >=<n_>NC · <:v> 0.55.:!:_0.05 

-D~l) О. 70+0.07 

аС 

1.05+0.08 

0.99+0.12 

се 

1.61+0. 11* 

* <n >се was calculated using formula <n >се = <n >N С. :<v> 
(2) 

1.5 
/\. 

1 

~ 1.0 
v 

0.5 

PjA = 4. 2 GeV/c 

• ехре 'i'Lment. 
о мsм 

2 3 4 

<v> 

Fig:2. Average multiplici
ty of negative pions <n_ > 
as а function of the num
ber of interacting nuc
leons from projectile v. 
• - experim~nt; о - MSM. 
Straight line shows the 
dependence <n > ·=а+ Ь <v> 
for experimental points. 

model (HSM) /20/,тhе value of <n > for рС interactions was also 
compared with <n >Ре obtained-on the basis of the NUCRIN mo
del/23/ developed~at the Karl Harx University· in Leipzig.The 
mul tiplicity distributions of "- mesons in . рС , dC , аС anci СС in
teractions predicted Ьу DCM and MSH are showц in Fig.l,and the 
corresponding values of <n_>;:шd D _ are collected in ТаЬlе 2. 
It can Ье seen that both models describe the experimental data 
well enough. The mean value of rr- multiplicity in рС reactions 
agrees, within errors, with <n_>PrfucRIN = 0.37.:!:_0.04/ 231. Thus, 
we see that the comparison of such characteristics of interac
tions of light nuclei as "- multiplicity distributions, <n > 
and D _ with the independent interaction models / 20,22/ could not 
favour any of th~ models considered. 
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In experiments with the streamer chamber SКМ-2oo/B-IO/the 
dependence of <n_ > on the atomic m~ss of target was obtained 
for interactions of а and С with different targets (from Li 
to РЬ ). This dependence does not agree with predictions of 
the hydrodynamic model/24/ , the model of "wounded" nucleons /19/ 
and the collective tube model/ 2:'f/, but it is well ~nough descri
bed Ьу Dсм1 221,мsм 1201 and SIM (Single Interaction Model) 1 26/.тhus, 
comparison of the full set of data on rr- multiplicities for 
nucleus-nucleus interactions at 4.2 GeV/c and 4.5 GeV/c per 
nucleort with theoretical models permits one to restrict the ·num
ber of models adequate to the phenomena under study. It is ne
cessary, however, to continue the comparison with models using 
other characteristics of secondary particles produced in nuc
leus-nucleus interactions. 

4. МОМЕNТUМ -AND ANGULAR DISTRIBUTIONS OF rr МESONS 

The momentum spectra of "- mesons in the laboratory system~ 
dn 

normalized to the tota~ inelastic cross 
1 · du"- h · · 3 All f =-и-.-· (I p-• are s own 1n F1g. . our spectra 

sections R 
· d ·Lab 
in the momentum 

ш Lab 
range abov= PLab = 0.1 GeV/c decrease exponentially with in-
creasing " meson momentum, and slope parameters Ь for dC , 
а С and СС interac tions are the same wi thin the errors ( see 
ТаЬlе 5). 

/ 

Fig.З . Spectra of rr me
sons in the laboratory 
system (normalized to 
uin ) for рС , dC , а С , 
and се interactions. 
Straight lines are the 
result of approximation 
of experimental data 
(above 0.1 GeV/c) Ьу ex
ponential function f = 

- Ь PL аЬ. 
а е 

~ 
~ 

Р,:: ( GcV,.f) 

The rr- meson spectrum for рС interactions decreases some
what quicker with increasing PLab than for interactions of iso
spin zerq guclX~ (with equal proton and neutron num~ers) with 
carbon ( Ь Р > Ь ) • From thi s one can conc 1 ude tha t " meson 

1 
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Values of parameter Ь obtained from approxima~ion 
of the distributions dn_/dpLab with formula ае- PL ab 

Pararneterв 

Ь (GeV/c)-1 А 

Ь ехр 
с . 

Ьс DCM 

bNUCRIN 
с 

ЬТа 

J: 
j~ 

}t..._ 

ехр 

ехр 

DCM 

ехр 

р 

2.4З;tO.I2 

2.2!±0.06 

~-0:!: 0.2 

I.50 

2,5 

d с'-. 

I.96;t0,07 I.9I±0.06 

2,07±0,05 1.88±0.03 

2.8±0.I 2.6;tO,OI 

I.27 2,72 

4.5 2.8 

I.II 0.95 

ТаЬlе 5 

с 

!,89±0.06 

!.92±0,04 

2.6±0.05 . 

3.34 

I. Г 

I.46 

Tal.Jle б 

Hean values of momentum and angular characteristics 
of 17 -· mesons 

!i 
<- Рlаь ·> 

(GeV/c) 

L. G 711-аЬ )" 

(degrees) 

и
с_ р · "7 

-J. 

(GeV/c) 

,-
~ Ylab / 

t>C dC о<. С се 

ехр 0.53±0.03 0.58±0.03 0.63±0.03 0.6~±0.03 

DCM 0.49 0.55х о.бi' 0.60 

ехр 49.4±1.? 44,2±1.0 43.2±1.1 40.0±0.? 

DCM 4?.1 45,5х 4Э.1х 43.1 

ехр 0,255±0~008 О, 256±0,005 0.255±0,006 0,250±0,004 

DCM 0.214 o.2W 

ехр 0,85zP,04 1,00f0.02 

DCM o.s5 о~эвХ 

0.245х 

1,04±0.03 

I.O~ 

0,241 

I.IO ±0 -02 
1.05 

*Calculated for an incident momentum of 4.5 GeV/c per nucl eon. 
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spectra in nC reactions are more flat in compari son with the 
• ( n C АС) spectra from F1g . З Ь < Ь • 

Average momenta o f 17- meson2 are given in ТаЬlе б. It is 
seen that for light nuclei <Р{8ь> does not depend on the ato
mic mass. In АС interactions, on the average, 17- mesons are 
produced with greater momenta as compared to interact i ons of 
the same nuclei ( d, а, С ) with tantalum / 4/ kp"~>ATa = 

= (0.48+0.02) GeV/c). The comparison of angul ar kfstributions 
of "- mesons in the laboratory system shows that the distribu
tions ~?ecome narrower when passing from d to С beam. As а re-

Р/А• 4 2 GeY~ 
2 

Fig. 4. Pl. distributions of 
-

... се 

х сх С 

~ ~Xt!N .. 
о dC 
• р е 

11- mesons for рС , dC , а С, 
and СС interact ions. Curves 
are the results of approxi
mation of experimental data 
in the interval o.l<PJ so. 28 
Ьу the formula with two ex
ponents. 

з 

.!~ "d"' 

t1 ·~~tJ 
~ t \\ t 
t i 1 

16't . 1 

f j 

QO Ot 02 03 0.4 05 

P;(G.>'IO' 

sult, the mean angle of 11 

emiss i on becomes -10% smal
ler for heavier projectiles 
(see ТаЬlе б). Transvers e 
momentum squared distribu
tions 

dn 1 du17 ---=-- = -- . --
dP2 

l. 
и . 

I П 
dP2 

.l. 
t 

for рС, dC , аС and СС in
t e r ~ctions are all similar 

(Fig.4). Average transverse momenta o f 17- mesons for these in
teractions are al so the same within t he errors ( see ТаЬlе б). 
The distributions of ~2 shown in Fig.4 we re f itted with the 
formula 

dn , - ЬР2 
~---- "'а е l. 

dP 2 
l. 

+ с е 

- dP 2 
l. 

and the parameters а, Ь, с , d resulting from the fit are col
lected in ТаЬlе 7. The slope parameters Ь and d for interac
tions on tantalum are also given in ТаЬlе 7 for comparison. 

The longitudinal rapidity distributions for тт- mesons (Fig.S) 
show а little displacement towards greater YLab with changing 
the projectil e from d to С. 
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ТаЬlе 7 

Values of parameters а, Ь , с, and d obtained f]om approximation 
of the distributions dn_/ dP}with formula ae-bP.L +се -dP} 
for interact;ions of р, d , а , С with С and d, а , С with Та. 

РС 

,о. с 

<:J...C 

се 

dTa 

о'- Та 

сТа 

а 

(GeV/c)-2 

3,4±1.4 

?,0±1,5 

14.5±1,8 

24,Qt2,5 

~ 
.~ .. ~ 15 

'--' 
~ 

10 

5 

о ~:а----.~ 

ь с 
(GeV/c)-2 (GeV/c)-2 

34±12 

31±10 

33±8 
38±? 

42.:t6 

39±5 

44±4 

2.2±1.6 

3,2±1.9 

5,Qt2.1 

8 .4.±2. -i 

/ 

d 2 
(GeV/c)- . --
9.?±3.2 

8.9+2.6 

8,1±1,9 

10,2±1,4 

8±1 

8±1 

8,5z.0,5 

•- рС 
о- еЮ~ 
х- е~.С 

•- се 

r 3 · 

Jft.f 
0,5 

0,? 

0.5 

0.6 

0.9 

0.9 

0.9 

1f /.аЬ. 
Fig.5. Longitudinal rapidity distributions of " mesons 
in the laЬoratory system for рС, dC 1 аС 1 and СС inter- . 
actions. Curves are hand-drawn through the points for 
рС (- - -) and СС (--) to guide the еуе. 

The YLab distribution for СС interactions, as expected, is 
syппnetric about ·у L аЬ = 1 • 1 which corresponds to the value of 
NN centre-of-mass rapidity у~~ (for 4.2 GeV/c per nucleqn). 

1t is interesting to compare the "- transverse momentum and 
rapidity spectra for different АС interactions in order to ·find 

12' 

what kinematic region in P.L and in rapidity is responsiЬle for 
the increase of the average "- multiplicity with increasing the 
atomic mass of the projectile. Fig.б allows one to conclude 
that the increase of n_ occurs for all P.L • 

No particularly distinct region in P.L is observed within 
our accuracy. Passing from dC to аС and СС interactions n_ 

1 

increases uniformly for all rapidities within the errors (Fig.7). 

Fig.б. Ratio of "- trans
verse momentum distributi
on for а С 1 dC (--) and 
CCI dC (- - -) interac
tions. Thin horizontal 
lines show the correspon
ding ratios of average 
total "- multiplicities. 

R 

4 

3 

Р/А=4.2 GeVk 

_o~..c/dc 
---- CC /d С 

Р/А - 4.2 GeV/c 
бl .• 1 1 i 1 i i 1 1 1 1 1 

5 
--- c;d 

-"'!а 
,_4 
0: 
'-" 
~ 3 

2 t_ГГi t tГ'--Jl' .~гГI 

QO 0.~ 1;0 

PJ. ( GQV/c) 
_, 

"" 

~ 1 IФdlГt-Ф I ~ -I~ 1 ~ Fig.7. Ratio of "- rapi
dity distributions for 
aC/dC(--) and CC/dC 
(- - -) interactions. 

1 

о - - ·- -· -- 40 . - -- - . 
Thin horizontal lines 
show the corresponding 
ratios of average total 
"- multiplicities. 
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Ratios of inclusive cross sections for " 
for УLаь>О.б 

" 1 " аСС аа С " 1 " аСС adC 

ТаЬlе 8 

production 

" 1 " а ас а dC 

experiment 2.7+0.3 

3 

5.2+0.б 

б 

1.9+0.2 

2 MSM 

{ 

++ р/д=42 Gqvfc 

;;-!!. 
' 

101-- •tt 201-- се 
....._ 
~ . 
~ 
'-' 
~ 

о 
t<C ~~ 

+ ~i8 to+t . 1 i ...... ..... 
20 101-- о 

о dC Va. 1 2 3 

+ 
рС *+t ~.~~ti·~ 

10 о ;. 1 2 3 
н /о ~ 
o+t ~ ~~ 

1 e-._t .1 
• tt.poМ.rnant 
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Fig.8. Comparison of experimental PLab 
for рС , dC , а С and СС inte r a c t ions 
of the DuЬna cascade model (DCM) . 

distributions 
with predicti ons 

It is possiЬle only to speak abou t а tendency of an incr easing 
ro l e of the r egion of pro jec ti le f ragmentation . · 

The experimental "- spectra have been compared with the cor
responding spectra calculated in the cascade model (DСМ) (see 
Figs . 8-IO). For a l l f ou r t ypes of i n teractions DCM correctly 
predic{s general features of the spectra. Onl y in the course 
of detailed comparison some differences are seen between ex
perimental data and model calculations . The average values of 
PLab , OLab and YLab from DCM are close to the experimental va-
lues, but it is possiЬle to see in DCM spectra some redistri· 
bution of "- mesons over the kinema_!:ically allowed region 
(Figs. 8, 9). The DCM values of <Р.1 >" are lower than the ех-. 
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perimental ones with the difference becoming smaller with in
creasing the atomic mass of the projectile (Fig.IO). The mul
tiple scattering model predicts that for interactions of dif
ferent projectiles with the same target nucleus the following 
relation must Ье valid for inclusive cross sections for " me
son production in the central rapidity region and in the re
gion of beam nucleus fragmentation 

а ( А 
1 
В .. "-+ ... ) А 1 

а ( А 2В .. "-~-:-.:т--= -д;. 
(4) 

At our beam energy formula (4) is expected to Ье valid -for А<<В. 
То check relation (4), the inclusive cross sections for "

meson production in the region У~~ь > О.б were used which 
obviously fulfils the conditions of MSM. The results are given 
in ТаЬlе 8. One can see that the ratios of experimental cross 
sections in the region у"- >О. б are in good agreement with 

. f S Lab expectat1ons rom М М. 
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5. CONCLUSIONS 

The made comparison of inelastic рС , dC , аС , and СС inter
actions at Р = 4.2 GeV/c per nucleon shows: 

1. The average number <v> of nucleons from the projectile 
nucleus which participate in the interaction increases with 
increasing the atomic mass of the projectile. 

2. The mean multiplicity of produced "- mesons increases li
nearly with <v>. 

3. Dispersion of the multiplicity distribution of" mesons 
increases p~oportionally to their mean multiplicity. 

4. !he inc·rease of the multlplicity from dC to аС and СС 
interactions is realized practically uniformly over the entire 
region of variation of Р~ and YLab' 

5. Increase of projectile atomic mass (from 2 to 12) causes 
little changes to the shape of "- kinematic distributions. The 
mean values of the kinematic variaЬles studied do not change Ьу 
more than 10%. 

The general characteristics of inelastic interactions of 
light nuclei presented in this paper are sufficiently well desc
ribed Ьу the Dubna cascade model. The experimental multiplici
ties and ratios of inclusive cross sections of "- mesons in dC , 
аС , and СС reactions are correctly reproduced Ьу the multiple 
scattering model. 

Thus, the inelastic interactions of light nuclei studied Ьу 
us may Ье treated predominantly as а superposition of indepen
dent interactions of projectile nucleons wi th the target. 

А slight asymmetry in "- rapidity distributions observed for 
interactions of non-identical nuclei is caused Ьу different con
tribut[ ons of cascade processes (secondary interacf ions) in the 
colliding nuclei. 

The authors are grateful to S.A.Khorozov and Yu.M.Shabelsky 
for pro fitaЬle discussions, to engineers and technicians of the 
High Energy Laboratory, JINR, who successful ly operated the 
bubЬle chamber, and to the ·scanning personnel of all collabo
rating laboratories for careful scanning and measuring the films. 
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Агакишиев Х.Н. и др. El-84-321 
Нножественность,. импульсные и угловые характеристики 

"--мезонов, обраэующихся в рС-, dC-, аС- и Се

взаимодействиях ПР.И импульсе 4,2 ГэВ/с на нуклон 

Исследовались множественность, импульсные и угловые ха

рактеристики "--мезонов, Образовавшихея во взаимодействиях 
легких ядер ( р , d , а , С) с ядром углерода при импульсе 

4,2 ГзВ/с на нуклон. Покаэано, что среднян множественость "-
мезонов растет пропорционально числу нуклонов ядра-снаряда, 

rчаствующих во взаимодействии с ядром углерода. Обнаружена 

линейная зависимость дисперсии распределения по числу "- -ме

зонов от <n >.распределения rr- -мезонов по р б ' е б ' li - ла . ла • 
и Улаб. слабо зависят от атомного веса налетающего ядра. Экспе-

риментальные данные удовлетворительно описываются каскадной 

моделью /дубненский вариант/ и моделью I'IНогократного рассеяния. 

Работа выполнена в Лаборатории высоких энергий ОИЯИ. 

Препринт Объединенного института ядерных исследований. Дубна 1984 

Agakishiev H.N. et al. El-84-321 
Multiplicity, Momentum and Angular Characteristics 
of 1r---Hesons for рС , dC , аС зnd СС Interactions 
at 4.2 GeV/c per Nucleon 

Multiplicity, momentum and angular characteristi"cs of 
"- mesons produced in interactions of light nuclei ( р , d , 
а , С ) with carbon at а momentum of 4.2 GeV/c per nucleon are 
investigated. It is shown that the average multiplicity of 
rr~ mesons, <n_>, increases proportionally to the number of 
nucleons of the projectile nucleus which participate in the 
interaction with а carbon nucleus. А linear dependence of the 

_, 1 dispersion of the "- meson multiplicity distribution on <n > 
is observed. The shape of the rr- meson distributions over
Plab. , 8lab.• Р.1. and у Jab. weakly depends on the atomic weight 
of the projectile. The experimental data can Ье satisfactorily 
described Ьу the Dubna version of the cascade model and Ьу 
the multiple scattering model. 

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