


1. INTRODUCTION

Pion production in collisions of relativistic nuclei with nuc-
lear targets has been extensively studied in the last years, and
developments in this field could be traced in numerous reviews/1'12£
This report will be devoted to & more detailed discusaion of multi~
plicities of secondary picns produced in relativistic nucleus-nuc—
leus collisions and the distribution of the number of interacting
rucleons of the incident nudleus., I will mainly discuss the data
from Dubnae, where nucleer besms with the highest energies (up to
4.5 GeV/c momerntum or 3.7 GeV kinetic energy per nucleon) are
available. Three types of track detectors are being used in Dubna
for these studies: a 2m propane bubble chamber with thin tantalum
target plates ineide the chamber volume, a 2m neon-filled streamer
chamber "SKM-200" with various internal foil targets (Li, C, 41, Cu,
Zr, Pb)}, and nuclear emulsions. The propane bubble chamber and the
emulsions were exposed to the beams of protons, deuterons, helium=-4
and carbon-12 nucleil, while the streamer chamber used helium, carbonm,
oxygen and neon beams.

2. PION MULTIPLICITY DISTRIBUTION IN THE INCIUSIVE SAMFLE

The track detectors with 4Jr geometry permit one to cbtain data
on secondary particle multiplicities with relative ease. In the
bubble and streamer chembers the external magnetic field silows for
the distinction between regatively and positively charged particles
and, as it has already become usual, negative gecondaries are chosen
as best representing pion production processes; the contamination
with non-identified electrons and strange pariicles is expected to
be very low here.

As 1is shown in the studies of high-energy hadron—hadron colli-
sions, already the lowest moments of the pion multiplicit distribu-
tion, the average value <n_> and the dispersion D_-\J<n_2>-<n_>2 N

contain interesting information which, when compared to the



predictions of various thecretical models, may shed wsome light on
the pion production mechanism,.

Table 1. Average multiplicities <n_> and diaspersions D_ of the
multiplicity dietributior of negative secondasries for
interactions of p, d, He and ¢ nuclei with carbon and
tantalum targets at p/A = 4.2 GeV/c
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Ay A <n_> < D_ Ny
p 0.33:0.015  0,28£0.01 0.53£0.01 1620
Ta  0.45+0.02 0.39:0.02 062+0.01 1132

c 0.60+0.03 0.48+0,04 0.69+0,03 699

d Ta  0,8640.03 0.7740.04 0.8850.02 1441
c 1.0240.03 049640404 0.9820.02 1333

He g  1,42:0.06 1.50+0.10 1.2340.04 1244
c 1.50£0.05 1.65£0,08 «  1.28+0.04 1195

¢ Ta 3.2 $0.1 8.4 +0.4 2.90+0.08 1445

Table i shows average multiplicities < n_> snd dispersions D_
of the T multiplicity distributions for interactions of protons,
deuterona, helium-4 and carbon-12 nuclei incident upon carbon and
tantalum targets at p/fA = 4.2 GeV/c (bubble chamber data). These
data differ slightly from those published by us previously’ 13-16/
and are based on the gtatistics increased to 8037 events in propane
and 5262 events in tantalum. The characteristics of interactions
with carbon nuclei were cobtained from the data on propane by the sub-
traction procedure described ear2ier/ 14-16/

The dependence of the average multiplicity <n_> on the mass
number Ai of the projectile nucleus for carbon and tantalum targets
is shown in fig. 1. This dependence can be described by the power
function

<n_>=xa’ (1)

where both k and o depend on the mass number A, of the target
nucleus. For carbon target k = 0.42+0,03, o= 0,55+0.04, whereas
for tantalum target k = 0.5440.03, = 0.70+0.03/ 15-16/

Fig. 2 shows D_ plotted versus <n_>for the data of Table 1
together with the streamer chamber data’17/. The trend of the p-p
data, D_=a<n_>+ b /18/ igs designated aa a straight line in
this figure, It is seen that the multiplicity distributions for
nucleus-nucleus collisions for heavier projectiles, such as carbon,
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become wider as compared to
nucleon-nucleon collisions with
the same average multiplicity.
As noted by us earlie 5,16/
the explenation of this effect
can be obtained on the

basis of the iﬁdependent colli-
sion model. Assuming that the
nucleons of the incident pucleus
interact independently in the
target, one obtaine the follo-
wing expreseione for the average
multiplieity <n_>, a, and the
dispersion D_ Ajhy in nucleus—
nucleus (Ai+At) collisions in
terma of the corresponding quan-~
tities charactérizing nucleon~
nucleus (N+At) collisions,
<n4>FAt and D_ tzs

<n > -
- AiAt -<vi><n_> N‘At (2)

+<n_>2mtD§ .

(3}
Here <y, > 1a the average number
of nucleons of the projectile muc—
leus which interacted in the tar—
get and Dy 48 the dispersion of
the ¥V, distributioen, B, (v = I,
2yeds Ai)’ (Por simplicity we omit
index "i™ in expressions in which
Y 4 itself is an index),

The data of the Dubna 2w Pro-—
pane Bubble Chamber Collaboration,
in which the non-interacting char-
ged fragments of the projectile

Fig. 2. 2. Disperaion D of the
maliiplicity distribution of ne=
gative secondaries in mucleus—
micleus collisicns plotted versus
average multiplicity <m_>.
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nucleus were identified among the secondsry particles, meke poasible
B nupmerical ciheck of the above formulse, aa both<v;> and D, can be
obtained from the fragmentation data in a medel~independent way/16”3{
The tracks of the non-interacting fragments of the projectile were
identified on photographs ag those emitted at small angles { < 4°
for expogures at p/A = 4.2 GeV/c) and having high momenta (>3 GeV/c)
and their charge was determined using ionization, &S-ray density,
and analysis of secondary interactions/13’20 « The number of inte-
racting protons of the projectile nucleus is np = Zi - Qs’ where Qs
is the total charge of non-interacting fragments. As the inelastic
cross sections of protons and neutrons are the seme within experi-
mental errors, and for projectiles with equal pumbers of protons and
neutrons, the average number of intermcting nucleons is

<> = 2<n,> 8 2 (2 ~<Qy>) . ¢3!

The values of <3 > thus obtained for Ta target are liasted in Table 2.
It is interesting to noteng/ that the values of <V > obtained from
the projectile fragmentation data are in gocd agreoment with those
obtained from the formula derived in 1 under the assumption of
independent nucleon-nucleon collimion mechaniam {"inechersnt compo-
sition of collisions of individusl nucleons")}

4 " S,
<))l> = w@- ¥ » (5)
AA
it
whore Oy, ~end Sa1A; are the nucloon-nucleus sad the mucleus-
nucleua inelastic cross sectiona/13'16/.

It can be shown that the dispersion of the mumber of interac-—
ting nucleons, D, , can be also obtained from the ?rojectile fragmen-
tation data. The relevant formulae cen be foumd ip 16, 19'/. Our expe-
rimental values of D% for Ta target are alsc listed in Table 2.

Table 2. Average numbers <¥;> and dispersioms Dy of the rumber of
interacting nucleons of 4, He and C nuclei incident upon
tantalum target at p/A = 4.2 GeV/c.

Ay Ay <V > DS

Ta 1.6040.04 0.2440.02
He Ta 2.86£0:10 1+64£0,09
¢ Ta 5,60£0.30 16.8 £1.0




The results of checking the formulae (2) ard (3) are given in
Taple 3. They have been calculated sssuming the following values of

}hejaverage pion multiplicity and dispersion for N-Ta interactions
19
H

Tahle 3. Average multiplicities <fn_> and dispersions D_ of the
multiplicity distributions of negative gecondaries for
interasctions of d, He and C nuclei incident upen tantalum
target at p/A = 4,2 GeV/c calculated from formulae (2)
end (3) using numerical values for <V¥,> and D\‘J given

in Table Z.
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A, Ay <a_> D

d Ta 0.88 i 0-05 0081 i 0-07

He Ta 1057 : g.08 1.81 : Q.15

C Ta 3.63 1 0.7 8.1 # 0.7

<n > = 0,55 * 0-03
pZ T 0,46 £ 0,03 : (6)
~NTa AT o M e

The agreement with the experimental values of Table 1 is good. A
relative broadening of the pion multiplicity distribution observed
for heavier projectiles is accounted for by the second term in the
formala (3). This term is small for Light projectiles, such as 4 or
He, and for ¢ it becomes comparable to the first term.

3, PION MULTIPLICITY DISTRIBUTIONS FOR EVENIS WITH FIXED
NUMBER COF INTERACTING PROTONS

For events with a fixed number of interacting protons of the
incident nucleus, np, cne might expect that the pion multiplicity
distribution is narrower than for the inciusive sample. The reason
is that, fixing the number of interacting proions, one allowa only
the number of interacting neutrons to fluctuate between O and Ni"
and one can expect also these fluctuations to be damped because of
gimilar space density distributions of protcna and neutrons, parti—
cularly in light nuclei. This decreases Dv and thus the overall
dispersion DEA 4, v The relevant He + emulsion data/22/ and C + Ta
data/9/ geem to follow this prediction. The values of D_ﬁ(n > for



C + Ta collisions at p/A = 4.2 GeV/c with the fixed number of inte-
racting protons are given in Pig. 3 showing a significant narrowing
of the pion multiplicity distribution as compared to that for the

inciusive sample,

3 C+Ta

alt Q,+ prA = 4.2 Geve

Fgg. 3. Yalues of the ratio

DS/<n_> plotted versus <n_>
for € + Ta collisions at pfi=
w 4.2 GeV/c with the fixed

number of interacting protonse.
Q, denotes the total charge
of non~interacting fragmente
of the projectile nucleus.
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A pimilar picture wae observed in the recent paper of the Ber-
keley-Darmatadt grou where the sample of inelagtic Ar + KC1
collisions at EfA = 1.8 GeV was subdivided into groups according to
the total charge of participating nucleone, and these subgroups were
shown to have D§/<fn_>'ﬂ 1o :

Collision events which exhibit the absence of charged projec-
tile fragments (Qs = Jorn = Zi) are usvally considered as "cent-
ral". Pion multiplicity digtributions for such events were shown to
be compatible with the Poiésqn shape/24’23/.

For a subgroup of nucleus-nucleus coliisions in which the fluc-
tuations cf the number of interacting nucleéons were fully eliminated,
the independent collision mcdel predicts (see formulse (2) and (3)):

2 2
LA Dlya
ity % N
<n> <n>
Pa,n, B,

or,using the values (6},

D2/<n_>= 0.84 & 0.08 (8)
for C + Ta interactions at p/& = 4.2 GeV/c. This value is marked in
Pig. 3. as a shaded band. The recent results from the Dubna streamer
chamber, cbtained at & gimilar momentum of p/A = 4,5 GeV/c and with
an additional '"veto" counter of neutral fragments of the projectile,
indeed show +that in the case of such a strong selection the



pion multiplicity distributions exhibit further narrcwing, the value
of the ratio D?/<In_> falling helow unity/25/ in accordance with
the above prediction. Thie would mean that the Poisson shape of the
pion multiplicity dietributions for "central" collisions, obeerved
in refs. 23,24/ and interpreted in favour of the hypothesie of
Gyulasesy and Kauffmann /28 , might have been accidental and due to
particular selection criteris.

4, DISTRIBUTION OF THE NUMBER OF INTERACTING NUCLEONS
OF THE INCIDENT NUCLEUS

It would be interesting to find the shape of the P, distri-
bution in nuicleus~nucleus collisions. In refs./9’16 it hes been
noticed that the experimental values of the dispersion D, are
aignificantly greater than it would have been expected for the flat
B, distribution (P, = comet) which, together with almost the same
average value <v; >, suggeats that small and large values of Vi
would be enhanced. ]

It can be shown that higher momente of the P, distribution
could be obtained from the projectile fragmentation date in the
model-independent wa 13 « In the case of an incident nucleus with
charge 2, the moments of the P, dietribuftion up to the Z-th crder
can be calculated. This would give more detsiled information on the
shape of the P, distribution, but, providing orly Z constraints,
does not allow one to obtain Py for Ve 1, 2,¢.. 4 .

The P, distribution ( ¥ = 1, 2,40e & ) can be obtained if the
projectile fragmentation data are supplemented with data on pion
multiplicities in groups of events withk 8 given number of interac-—
ting protons,27}. The relations between unknown probabilities P,
(v= 1, 2,ee.4 ) and meapured probabilities of the interaction of
various numbers of protona of the projectile nucleus, Wn (1m0, 1,002
provide us with Z+1 linear equations :

N N+n
v ¥ LR WY
Wo= o By Oy /C) and W = & B, 02 O)P/CY, (9

where C are the binomial coefficient5/16'19/. Further Z+1 equations
of eimilar structure can be cbtained using the experimental values
of average pion multiplicities in subssemples of events with various
numbers of interacting protbns and essuming that pion production
occurs in independent interactions of the nucleons of the projec-—
tile nucleus. Thus we have altogether 2{Z+1) equations with A un-
knowns, which constitute an overdetermined system for 1light projec-—
tile nuclei with A=2Z.



In the case of the déuteron incident upon tantalum, one
obtaing P1= 0.44, P2= 0.56., In the case of the 4He nucleus incident
upon tantslum, the system of 2(Z+1) = 6 equations can be solved
uging standard minimization procedure. Cne obtains: P1= 0.21,

Py= 0.20, P3= 0.13, P4= 0.4%, However, the quality of the fit ise
pooxr, and a better solution is obtained dropping one of the six
equationg, nemely that for average multiplicity in the case of two
interacting protons of the 4He nucleus. Then we obtain: P1= 0.19,
Py= 0.7, Py 0.14, By= 0,43 with A 2/UDF = 0,79/1. Tais distribu-
ticn is shown in fig. 4a.

alHe+Ta Pige 4 Probability distributions of
020} 08 7 the number of nucleons of the pro-
B jectile nucleus interacting with the
B 1 R target for a) He+Ta and b) C+Ta col=-
02 lisions at p/A = 4.2 GeV/c, Results
o151, ool is of the multiple scattering model

v calculations are denoted by small
] circles.

In the case of incident carbon
. nuclei the standard method of solu-
N tion falls, the solutions beilng
highly unstable often yielding
negative values of Py . Therefore
we tried to obtain a physically

0,00

sengible sclution using the method of regularization described in
/28’29/. The basis of this method is the requirement of regu-
larity of the P, distribution (minimizing the integral_f(dz/ds)eds,
where =z(s) is the unknown solution), which seems to be juastified

refs.

in cur cage. The result of this prccedure is shown in Fig. 4b. This
P, distribution reproduces well the experimental distribution of

wn and the average pion multiplicities in subsamples of evenis with
the given number of interacting protons. Deteils will be given in a

separate paper by M.Xowalski and J.Bartke.



The Py distributions thus obtained are also in fair agreement
with the results of theoretical calculation by Shabelsky and Chepla-
kov using the multiple scattering (Glauber-type) model. In this
calculation the Gaussian density distribution was used for helium
nuclei, and the Saxon-Woods density distribution for carbon and
heavier nuclei*).

S5« CONCLUSICNS

Concluding, one can say that the presented data on multiplici-
ties of secondary pions do not contradict the assumption that the
nucleons of the projectile nucleus interact independently in the
target, or, at least, that this mechanism of interaction is the
dominant one in relativistic nucleus-nucleus collisiona. Tais
suggeasts that in looking for any new effects in these collisions
one should atudy other characterigtics such as momentum distribu-
tions or correlations, particulerly in interactions in which many
nucleons are involved {(i.e.,central collisions).

The author would like to thank Professor V.G.Grishin and
Drs. R.Dymarsz, A.P.Gasparien, E.0.0konov and G.L.Vardenga for helpful
discussione as well as Professor Yu.M.Shsbelsky and Dr. A.P.Chepla-
kov for baving made available te me the results of their caicula-
tions.
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