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Introduction. The goal of thia report is to search for effects in
collisions of relativistic nuclel with nuclei, which are unordinary
in the framework of a nucleon-nucleon superposition picture of these
collisions. 4309 inelastio interastions of neon-22 nuclei with emul-
sion measured in the experiment at 4.1 A GeV/c and 4976 events simu-
lated by the cascade-evaporation model/1/ (CEM), taking into account

- the experimental oconditions, have beer analysed.

During the inve-stigation, charged secondaries were separated,in
accordance with their energetic ocharaoteristics, into different g;oupu
using traditional criteria of the emulsion method:

a) particles with f < 0.23 having a "black"” track (b-particles);

b) particles with 0.23 < @ < 0.7 having a "grey" track (g-par-
ticles);

o) singly-charged particles with J3:>0.7, particles - nonfragments
of the projectile ( "shower"”, s-particles);

d) projectile fragments with 3= 0.97 ( fr ).

The following variables were used in our enalysis:

1. Transverse momenta of projectile fragments, PT’ In the case of
singly-oharged fragments PT was determined from measurements of
PP by the multiple Coulomb scattering method. For multicharged
fragments Ppe= 2P,z 8in6. Here P, = 4.1 GeV/0, z is the frag-
ment oharge end & the polar angle of emission of this fragment.

2, Azimuthal angle oharaoteristiocs:

a) the azimuthel asymmetry cooxrioicnt of k-type particles
Ay = izﬂoon 51;/1/“1(“1:' 1),

b) the azimuthal collinearity coeffioient
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¢) the angle beiween the pronounced directions of emisgsion of two
group particles (i and J§) in the azimuthal plane

Py, 4= avocos {(ala‘m" byby) [+ b2)(a24 53] -1/2} ’

al.Z oo'a‘fig b, -Z sin'fy; a -ZJ_' ooa‘fj; b= s;l.n‘f’:l

Here ‘P is an azimuthal angle of perticle emission ;& 1 .‘{1 3’ 4
an angle between the direotions of i- and J-partiola emisﬁicn.
3. The polar angle of a resultant vector of k-type partioles.

O p = arccos (X/]Rl),

where|Rl= (X° +kY2 v 22)V/2
We have investigated the dependence of the above variable distribu-

tiona on the impact parameter, that is the centrality degree of nuolear
collizions connected with the disintegration degres of both nuclei, i.e.
the number of iarget-nucleus fragments, the number of h-particles per
event (nh- n +nb) and the summery charge of neon-22 fragments Q = zir.
Experimental conditions end some results of carrying out the inveStiga-
tiona are described in more deteil in our papers

Projectile-nucleus fragments, The analysis of transverse momentum and
azimuthal angle characteristics ctrr, Pgp and
hes shown that:

1. The PT digtributions cennot be described by a single Rayleih's

distribution ag it follows Irom the statistical theory of fast
,fragmentation/ /

P ., distributions

2(Bp) ~ Py exp(-P.f. / 26%),
due td an abundant yield of fragments with large Bpe

2. The fragments with largs PT (for example, o -particles) do not
gorrelate with those having small transverse momenta. Consequently,
other mechanisms incompatible with the single centrs emiassion hy-
pothesis are responsible for their formation, e.g., caaceade de-
cays of heavier fragments, rescattering and so on.

3. A strong aaymmetry of fragment emission is observed in the asi-
muthal plane (Fig.1). As & result of the fitting the experimental
data by the simplegt model of Iragmentatiou/4/ taking into account
@ transverse motion of the residusl neon-22 nucleus, we obtain
that this remainder acquires a large transverse momentum Qp

% (the so-called bounce off effeot) and, probably, an engular momen-

<@
[ ]

tum (Fig.1). The average value of < mr> for the full ensemble
is equal to 0.4 GeV/c. The estimation of the bounce off value made
from the distribution of ths resultant veotora .of the projectile
oharged fragment momenta gives the value close to that obtained
above. The ¢ Qq > as & funotion of the masg of the residual
nuoleus (Q) reaches its maximum for the mass equal to one half
the projectile mass.

4. The tendency to the emission of colliding nuclear fragments in
the opposite directions in the azimuthal plane (analysis of <I>n, n
in Teble 1) is reinforced with decreaaing the impact parametex
(decTease of Q).

Table 1.
q 52 " 346 =T
(<Pyr,g> -T/2)7102 32110 1243 743
(KPopp> =FT/2)010° 12411 413 512

The obgerved bounce off of the projectile remainder for peripheral
collisions might be explained in the framework of quasi-elastic scat-
tering of the projectile by nuclear forces of a target. However,
the reinforcement of the tendency to the emission colliding nuclei frag-
ments in the opposite directions with deoreasing the impact parametsr
finds a more natural explanation in the framework of hydrodynamics.

The <qp > dependence on the fragmenting remainder mass (Q) in terms of
hydrodynamics is the dependenoe on the size of the purface which divides
the hot and cold parts of colliding nuclei.

Target-nucleus fragmentis, produced particles. The analysis of the
distributions over azimuthal characteristics &« and B for produced
(s) particles and target-nucleus fregments (h-particles) and over the
angle between the pronounced emission of these particles in the azimu-~
thel plane ( P g,n) bas shown that
1. The emission asymmetry of s~ and h-particles in the azimuthal
plane increases with increesing the centrality degree of nuclear
colligions (with inoreasing n, end deoreasing Q) (Table 2).

2. Deoreasing the impact parameter (Table 2 and Fig. 2) reinforoes
the tendency to the emigsion of s- and h-particles in the oppo-
gite directions in the azimuthal plane.
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Table 2

249
' Engemble of
. interactions <hy 2> <°(_h> <CPa,h> - &&f2
0 £Q < 2 0.13+0.03 0.10+0.03 0.40+0.04
® A - * (-0.02) (=0.03) (0.17)
————— - f 2 £ Q <4 0,08+0.03 0.15+0.03 0.394+0.05
) . 2 (-0.02) (-0.01) (0.13)
. o . 08 PrGevre ! S 4 S Q <7 -0.02+0.02 0.03+0.02 0.27+0.03
Fig. 1. The iransverse momentum distridbution (a) fer projectile-nuc- (-0.10) (-0.03) (0.21)
leus fragmenis with z=2: 1 - fiti{ing of the experimental data T s Q <9 -0.01+0.02 =0.05+0.02. 0.2240.04
by a single Rayleigh's distridbution with & = G—exp' 2 - by (=0.11) (-0.01) (0.15)
a single Rsyleigh's distribution for Py £ 0.4 GeV/c, 3 - Q= 9 ~0.07+0.02 -0.024+0.02 0.1910.04
by & double Rayleigh's distribution. (-0.12) (0.03) (0.12)
The distributien over the azimuthal agsymmetry coefficient (b) '
for neon-22 nucleus fragments: 1 - averagse transverss mementum . 3. The cascade-evaporation model does not desoribe the values of oL ,
of the residual nucleus < qu > =0; 2 - < 4p> =0.4GeV/o. B snd ? s,h (shown in the parentheses) for the most central
collisions (Table 2 and Fig.2).
Thus, the side-splash of produced particles and target-nucleus frag-
Fig. 2. The disiribution over the angle between the pronounced emission : ments 15 cbserved. This effect is more prominent for the cemiral colli-
of 8- and h-particles in the azimuthal plane, 8,b° Histo- sions. The observation of events with large azimuthal asymmetiry
gram - CEM, points - experiment. (L s = 3.5) in the experiment is a striking i1llustration of the side-
~ \ gplash of these particles. 44 out of 1959 eventis with nB>/8 have been
T dN K]U's—ﬁ-—v————ﬁ— selected. The CEM does not give a single event with such a strong ssyw-
1o IN ddgn ™ L ! I metxry.
v |7 4<Q</ 44 Qs3 ¢ The most significant diseagreement of the experiment with the CEM for

the events with the smellest impact parameter is observed in the region
of pseudorapidities 1<p=< 3 (p =-1n tg(© /2)) tor s-partioles and at
angles of 45°< ©'< 135° for h-particles.
The ocmparison of the experimental distributions over the polar angles
of the resultent vectera for all particles from the ocentral collisions
(Q=0, o= 7) with the CEM ones shows a systematic underestimation of the
average values of these angles by the model (Pable 3). In this table
<Qj§ > 18 shown for the s-particles considerod as pions. The s-partie
cles Jleft after substraction of ten particles with the smallest angles,
! considered as interacting protons of projectile, from sll sg-partioles
L tﬁ are attributed to pions. This procedure can be nsed for evsnts with

swﬁﬁ"mﬁr

B %ﬁlﬁ ”#‘

75Nh<111 14Ny <28 | Ny>28 4
10 F + = '3

" P I — 20me= N
s Q = 0. The average values of the diffsrence pseudorapidities beiwsen
sh Fig. 3. Scheme of a peculiar event. ﬁ neighbouring particlea, <A?x>. are also presented in this table. The
L
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Table 3.

Interaction N < > < > T
ong ov enb GRG <6nﬂ> <A?'JC>
Central 218 76.422.5 24.8+1.2  12.440.5 0.1261+0,003
(116)  (67.0+2.7)  (17.9£1.2) ( 9.120.4)(0.163+0.004)

Peculiar 18 81.4'_’:607 - 25'3_1'.3.6 13.6:1.8 00116:0-008

lagt data indicats that plons with J3> 0.7 tend to stronger grouping
(clusterization) then in CEM.

Peculiar events. The events called by us "peculiar" wers found in

the analyais of ceniral interactiona. There are no particles with

JP > 0.7 obaerved in these events at angles greater than (6-12)° rela-
tive to the projectile direction. 138 out of 218 events of central colli~
sions have been registered using the selection criterion § min® T°.
CEH gives 11 events by normelizing both samples (experiment and model)
to the game number of central colligion events and 5 events by norma-
lizing to the number of all inelastic interactions. The probability of
common appurtenance to the same Poisson distribution for 18 and 11(5)
sevents for an average of 11(5) is equal to 1072 (4~1O'6). It is obvious
that the experimental probabilitieas are net reproduced by CEM. Let us
ocongider the characteristica of peoculiar events as compared with the
events,of central collisions. The multiplicities of g-particles and
h-particles do not practically change (see Table 4).

Table 4

102 .+ 102 : 2
Interactions  <n,> <mp> <ot >0108 <P >0 10 (<CPE'>E-§)-10
Contral 33.440.6 31.840.6 85+ 8 6+4 2416
Peculiar 31.842.5 31.341.6 90:29 32412 22423

(34.8+2.9) (45.043.9)(-20413) (-~26+8) (12141)

The average angles of the resultiant veoctors for all particles inorease
although the statistice is insufficient (see Table 3). The same tendency
is obgerved for the coeffioients of azimuthal asymetry and collinea-

.
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rity (Table 4). The emission of pionas with J32 0.7 becomss more combined
(deoreass of <Abg> ). The large value of tha collinsarity coefficient
for all s~particles may be connected with a considerable engular momen=-
tum for a system decayling into given s-particles. The CEM desocribes
neither the observed values quantitatevely nor the tendsncy of their
change. The values of <O R > <°{a > and <f3 '> in the model
decrease when pessing te th€ peculiar events. The reverse tendency is
obgerved in the experiment. ’

If the peculiar events are assumed to be connected with a zmaller
impact parameter than central collision events, then the experimental
tendency of changing <f Rk>

hydrodynamic approech.

, <d '> end < >shows evidence for the

Conclusion. As a result of the investigation of interactions of
neon-22 nuclei with emulsion the following effeots not described by
CEM have been observed:

1. The remainder neon-22 nucleus acquires e conasiderable transverse
monentum (bounce off effect) and, probably, seme angular momen-
tum.

2. Azimuthal ssymmetry for all perticles is observed in the ceniral
collisions with heavy emulsion nuclei (side-splash of produced
particles and terget-nuclsus fragments).

3. The tendenoy to the emission of projectile~nucleus and target-
nuoleus fragments, produced particles and target-nucleus fragments'
in the -opposite dirsciions in the azimuthal plene is reinforced
with incressing the degree of colligion centrality.

4. The peculiar events have been found ampng the central interacticna
There are no particles with £>0.7 registered in these events at
engles greater than (6-12)° relative to the prejsctile.
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3nb-~Haru A. ¥ AP. E1-87-472
OcoBeHHOCTH HEYNPYrux B3auMOABHCTBUM RAep HeoHa-22
€ AADaMd GOTOIMYNBCMM NpHU MMNYNBCE 4,1 A Ias/c

A

Ha ocHoBe aHanuaa pacnpefeneHni NO NONEpPedHuM MMNYNbCaMm GparMeHTOs ARApa~
CHapAAA W KOPPEeNnAauMi NO a3MMYyTanbHHM YIrnaMm BuneTa 3Tux GParMeHTOB NOKA3IAHO,
UTO B pesynhTarte B3AaMMORENCTBWMA RAep Heona-22 ¢ Afpam POTOIMYNbLCHM OCTaTOuU~
HOoe RApO-CHapana npuobpeTaer aHauutenwwwi ~0,4 MaB/c nonepeunwit wmnynsc.

B UEHTPANbHMX COYAAPEHWUAX C TRMENHMA ALDAMA IMYNbCUM OBHapymweHa aduMyTanbHan
aCUMMETPHA BCEX THMNOB YacTuy /BokopBoe BHNneckueanue/. B 3Tux xe BIauMoged~
cteuAx ofHapywen knacc cobuTuil, HassanHwx ocobuwmu, rge nog yrnam /6-12/° no
HaNpaBneHu NEepBUUHOIrc AAPa HeT wactmy ¢ 8 > 0,7, HabnogaeTcA TeHZEHUMR

K MCAYCKaHWMK B NpOTUBONONOKHHE CTOPOHN B a3uUMYTANbLHON NNOCKOCTH OparMeHTos
CTaNnKMBAOUMXCA RRED,PPArMEHTOR ALPA~MAWIEHM H DONOEHHHX H3CTHi,YCHNMBAOWARCH
C yMeHbueHneM napameTpa yaapa. floKasaHo, UTO KacKagHO-uCNapuTenbHan Mogens
He onuchBaeT HabnoaaeMux ABNEHMA .

Pafiora swnonHera B NlaGopaTtopum BoliCOKMx aHeprui OQHAH,

Tpenpunt O61eAMHEHHOTO HHCTHTYTA AREPHBIX HCCTENC wt. Oy6us 1987

El-Naghy A. et al, E1-87--/
Particularities of Neon-22 Nuclel [nelastlc
Interactlons with Emulslon at 4,1 A GeV/c

From the analysis of the transverse momentum dlstributlons and azlmuthal
angle correlatlons for fragments of the projectlile nucleus, a residual nu-
cleus of the projectlle Is shown to acquire a large ~0.4 GeV/c transverse
momentum In colllsions of neon-22 nuclel with emulsfon., The azlmuthal asym-
metry for all particles (sjde=splash) Is obsepved In central collislons with
heavy emulslon nucle!. The class of events called particular events, where
the particles with § > 0.7 are not observed at angle less than (6-12)0 rela~-
tive to the direction of flight of the project!le, has been also found among
the central collislon events, The tendency to emisslon In the oppostte direc~
tion In the azimuthal plane of colllding nuclear fragments, target nucleus
fragments and produce particies |s observed. Thls tendency Increases wlth
decreasing an Impact parameter, These effects are not descrlbed by the casca-
de-evaporation model.

The tinvestigation has been performed at the Laboratory of High Energles,
JINR.
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