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ABSTRACT

Genereal parameters charscterlziug siugle partieles
inoclusive distributions of shower particies and thelr depen-
dence on tne multdplicity are diucusss3d 1o Yi g interantions -t
200 Gev. The auaidtativs compurison- ol data precentesd with pve

dictions of several populsr models for hedrip-puglieus solli~i

ons are performed,




Angulaer spectirsg of cherged secondaries are oné o1 ns
besic sources of information on the single particle distribu~
tions 4in hedron-nucleus interactions provoking the consider-
eble interest last years in commection with the hope to clari-
fy the mechenism of multiple production a% high energles.

The present paper devoted to the study of angular distribu-
tions of shower particles in inelastic Ji —nucleus (%1) interac-
tions at p, = 200 Gev/c and their dependence of various para-
metere characterizing imcoherent events. Multiplioity'dietri~
butions and two particle correlatione in these collisions were
discuesed in other papers; some preliminary results on angulax
cheracteristics based on a part of the total statistice were
published in the papers [1, 2].

The experimental materisl snalyzed in this report consists
of 4853 inelastic fid events and (for comparison purposes) 1333
events classified ss interactions on tﬁe free eand quasifree
nuclebna (T'N events). These events were systematically melec-~
ted for megsurements without eny omissions aftexr the "along
the track" scenning of emulsion plates exposed to 200 Gev/o
71"~ mesons at the FNAL eccelerator (Batavia). The data for
fiA and 7I'F collisions belong to the different lengtha of
scarned track. The abovementioned numbers of A endJIN events
do not include coherent regctions on emulsion nuclei {those
ere analyzed in details in the paﬁer [5] )3 sdditionelly we
bave statieticslly exoluded interactions on the free smulsion

hydvogen fromTiA evenis. So, the conaldered sample of 7Tk
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ovents conslets of incohersnt interactione witn O R.C e 26%)
and Ag, Br {~74%) nuclei. More detailed informatisn ir given
i the refererces [‘l. 4] .

Ao mnouler varisble we are using the quantiry D= Intar "i;

where & 1@ the polar angle in tzae laboratory systen. This
1o the s0 called pseudorapidity glving for sescndary plons =
food epproximaiion of longitudiumal rapidity ye (1/72)1n {‘(an‘*}f
f'(E«p")J . In cosmic ray physics the quantiiy A =lgtan 0 is .

uaed veually and it is easy to connect N and A using the re

lations for the meen values and standarde
(A> = ~0.43 (L) -0.7),
6(2) 2 0.436 ().

The accuracy of these formulae .at considered Py i8 not worse«

(13}

then a few % for all analyzed groups of events; the first for
mula is true, with the same accuracy, also for the aeparate
tracks at Q1.

The exigting theoretical approaches to hadron-nucleus
interactions can be séparated conventionally into two lerwe
groups: models with the repsated independent collisions, wher-
halron-nucleus interactione can be considered as some superp: .
aition of intranuclear collisions with the separate nucleone:
the aecond class éonainte of models, where the effective trrps:
at high energies should be considered as structureless medium.
In ocorrespondence with the axiomatics of these models the parc-

metexr, conlotioning structure of the "aversge” event ia, In the
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firet clase, the effective number of intranuclear collisions

( V), and, in the second class, the thickmess of nuclear matter

4 interacting with a projectile nucleon, Both these quantities,

stricly speaking, are not measurable experimentally, however it
ie widely assumed that their's measure (in average) is given
by the number of slow (heavily ioniging or h-) particles emit-
ted by the target nucleus. It has been pointed out in the num-
ber of papers (see, for instance [4] ) that multiplicity and
other characteristics of produced particles under go the most
rapid varlation with the change in the number of so celled
g-particles (consisting mainly from recoil protonse).So, we
can conclude, if the abovemenfioned circumstance 13 true, the
best quantity cherecterizing (V) or the mean mass of effective
target is ng We are using ng a8 the basic paremeter charac-
terizing NA interactions in this sense; due to proportionality
(Pig.1) of n, and n, (h—particiiu include all the hegvily ioni-
ting seconderies having the velociiy/3¢0.7) all the conclusi-
ons about ng-dopendonco of considered chnr;otori-tica are true
slso for n,-dependencies (we have tested this direotly too).
Pig.2 shows inclusive ” ~distributions of shower partic-
les in A and N interactions at 200 Gev/c as well as in 67
interaotions with the different nge In Pig.d we h dn piotfod
the difference a-(vc, My(a6™7an) - (1/6jq ")(4674!7). wnd
the ratios r= *‘1 (dG"?dr'? )/(46"769) for the quoted groups

of Tta 1ntaractiona One can see, thats
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1. ? - distributions in N4 interactions differ significantly
grom those inTi¥ : inJ1A collisions they are enriched by par-
ticles with smell ¥ and aimultaneously they have less number
of the most fast (leading) particles. These qualitative featu-
res ofW?-spectra are well known for aifferant projectiles in
the wide energy interval. "Deformations” of angular distribu-
tione ere the stronger, the larger n, (and/oxr nh); this means
obviously that the number of slow particles is, in some extend,
the measure of the influsnce of target-nucleus to the produc-
tion of particles.

2. The shapes of f) ~spectra in 5 A and 7" H interactions are
different too, they undergo very specific deformation with the
growth of ng (Fig.2). Distributions in the majority of e
groups are characterized by the bimodal structure snd contri
bution of the "second” maeximum, which is small at small n_ ,

&

becomes dominant at large n_. It is important to notice here

that bimodal struoture 1ﬁl?fspootra can arise even at the gb-
aence of any structure in distxributions of longitudinal rapi-
dities due to merely kinematioal effects [5] , but, on the
other hsnd, the bimodality does pot displey 1tself in proton-
nucleus interactions at the same p = 200 Gev/c [2] although
the influénoe of secondary protons at accelerator energies
should be negligible. This indicates that bimodality is the
prpperty inherent to ploh-nucleua intargetiona at high energi

a8,
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The noted here changes of 1) -spectra inTAd interactions
comparatively withTiN collisions, dependence of R -spectra on
1:1g and the difference between spectra in pA andT A interactions
at the same P+ Beem to be hardly explained by the simple versi-
one of "tube" model[ 6,7] , where production in hA interactions
is identical entirely to that in hN collisions at some higher
energies in the Centre of mase system. It should be noted, that
the composite nature of emulsion having two groups of nuclei
(C,N,0 and Ag,Br) cannot be responsible to the observed defor-
mation of ) -spectre, sinoe: 1) groups of hA interactions with
ns>,3 consist of Ag,Br events solely, 2) pA intersctions inm
emulaion do no*how bimodality, end 3) the direct separation
of VA interactions into collisions with C,N,0 emd Ag,Br nuclei
performed in accordance with method described in [4] gives the
seme results (Fig.5). |
- More detail comparison with predictions of coherent tube
model is given below.

3. The differences d and ratios r of inclueive distributions
on npuclesr and nucleor-targets shown in PFigs.3,4 demonsirate

the following characterist:l.e proporty. Iho uluu of pseudo~

- dg™
idit t+ which does not depend
rapidity ), et w ﬁ}."ﬂ a——,? Gﬁw 3""‘

within experimental errorv on the number of slow particles
(9,25, being consistent with the Gottfried's B?C model [8],
which predicts that the value of (y§ =B - Arch XQ). should
depend on p, only, being independent on A. In the multipert-
phersl model IMPM)[9] the velue of y$ in contrast, should
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b depend on A, being independent on pg ° The data presented in

1 113;3,4 do not displey any A dependence of ), , but we cennot
state the inconsistence with the MPM due to the qualitative
character of prediction. On the other hand, there is the doubt-

less A dependence of shape of the “surpluses” d : distribution
-demonstrate some structure snd thelr centers displace towards

small!? . This oiroumstance oontradict the EFC model. Moreover,
the width of distributions, presented in Fig.3 is larger comel-

derably that in hY intersciions at small energies (correspond-
ing to amount of energy carried out by the slow Gottfried's
badrone); this contradiocticn of experimentel data with the EFC
model has been stated earlier in the paper [10] .

It shculd be noted. however, that for the certainty the
analysis of data in the wide energy intexrval is needed.
4. ng - dependence bf ratios of inclusive distributions r is
conditioned by the value ofl7 « The most clearly this can be
ssen from Fig.6. At 7>95z5 r deoredses with growing ng in such
a way that the 1arger|7 , the less r (the diminishing in the
number of leading particles); this contradicts the models inclu-
ding the “paﬂsivity" of primary hadrons after the first intra-

nuclear collision.

At n <7 the dependeuce r(ng) cen be fitted satisfacto-
rily by linear dependences, at 1a:ger ng there is the effect
of "saturation® r present (Fig.6). These properties of ratio
r agree qualitalevely with expectations on the basis of parton

pioture Tor hA interaction [11]’.
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Let us censider some other general charactaristics of
_engular spectra infiA collisions. Figs.7,8 show n, and n, de-
pendences of centers (p) end standard deviations G(P)of n -
distributions (Figure 7 examplifies m, dependences too). Pig.8
shows additionally the mean values {6(9)) of standard deviati-
ons of ) ~epectra from individual 51°A collisions. Aé seen
from Fig.7, (7) decreases monotonically with increasing multi-
plicity of all types of particles (there is the characteristic
"ogclllationas" between(\»for the odd and even multiplicity
events ar small n_, analogical to those observed infiN colli-
alons end caused by charge conservation in peripheral interac-
tions). Let us assume, for the estimate of depcndenoe‘ of
on the number of intramuclear collisions V , that (0)-1131/ 2
(or nhV 2y, The Justification of this assumption is given by
the tmt.that(0)~A1/3 and ‘né {or ny) A?%/3 (ses, ¢ g. [41).
The data presented in Figs.? c,e do not contradict the lipear
dependence of {ydon ¢ V), 1.e. om 51/3. This is inoorsistent
with predtotions of the "tube" type modele [6, 7] (ses [12]).
The snother interesting property of !?—a‘peotra in hA inte-
ractions is the independence of their wigths 6(n) on the num-
ber of slow particles (rig.8). This 18 true also (except the
if:egion of very nmnll ng. :“h’ whéﬁ the larger part of oross
section is governed by peripheral interactions with the one
intranuclear nucleon) for the standards of individual colli-
sions. The gnalogioal property has been demonstrated earlier
in proton-nucleus interaotions in the vrmgo 20~200 Gév/e, [12].




-8~

This peculisrity of angular distributions can be crucial for
several models of hA interactions. So, for instasnce, it con-
tradiots the coherent tube model [7] , which predicts that sm-
gular apectra' in hA interactions ara'id.entical to those in hN
collisions (with the displacement in the rapldity scale (1/6)

lnA at larger byw energy in the center of mass system.Accord-

ing to this model, the standard of spectrum 6 (7) must 1ncr90
se with increasing vV (i.e. né. nh), since

[61g)]ha l YD
[sy)Inv ,P.=cons{ = s

It should be noted, that epplication of N (instead of ¥), the

- 4-}- CONS{' b\ Q( 2)

consideration of speotra for all shower particles (instead of
produced pions) csmnot affect the last conclusion sinee the
logarithmic growth of dispersions of P? - distributions for
sharged particles in hN interactions is the well estiablished
sxperimental fact. So, one cem conclude, the independence of
G(n) on ng (or ny) - 1s the result contradicting the basic
ansumption of the coherent tube model.

The general properties of sngular specira of relativistic
particles in nuclear interactions considered here seem to give
the sensitive test for theoretical epproaches to the problem.
We would like to siress oﬁép more that the absence of quan-
titative calculations according to conorete models nmakes it
difficult to give more certain conclusions about the applica-
vility of nuclear production models.
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FIGURE CAPTIONS
n;,, end ng, as functions of ng in T"A interactions
at 200 Gev/c.
Inclueive H -distributions for: (a)Ti'A andfi N ;
(b) for Ti"A interactions with different Dy
d as function of  for different n_ groups ofJi A
events.
T as function of n for different n, groups of §ia
events,
Inclusive D ~distributions in Gi-K(1),9i-CNO(2) end
(JT:AsB_rO) collisions at 200 Gev/e.
n, dependence of the ratio r(f9 ): 1 + 9 - the date for
¢0, OnLT,..., 6(747 andq;v, respectively. The
8iraight lines are fits at ngs T. |
Dependence of{p)on n, (a), n_ (v), r!;g (), ny(d)
snd {'i'h {e) in §i'A interactions at 200Gev/ec.
Dependence ofG(y)the open data circles) end {6 ()
(the black points) on n, and n, . The solid end dotted
curves reproduce values ofﬁ(l?) and {6°(p )} respecti-
vely, for WA interactions with n,> 2. The triengles

shows the data from Ji N intersctions.
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