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Introduct1on. -The goal of thia report ia to searoh for effeots in 

oolliaionB of re1ativiatio nuo1ei with nuo1e1. wh10h are unordinary 

in the framework of a nuo1eon-nuo1eon superposition pioture of these 

oollisions. 4309 ine1aatio interactions ot neon-22 nuolei with emul

sion measurod in tho experiment at 4.1 ~ aeV/o and 4976 '.vent8 s1mu

1ated by the oasoade-evaporation mode1/1/ (CEM). tak1ng 1nto aooount 

the experimental oonditions. have been anal~a8d. 

During the inv~t1gat10n. oharged seoondaries were separated.in 

aooordenoe with iheir energetio oharaoteriotica, into different groups 

using tradit1onalcriter1a of th. emulaion method: 

a) part1c1ea w1th ~ < 0.23 having a "b1aok" traok (b-partio1es) J 

b) partio1ell w1th 0.23 ~ J6 ~ 0.7 having a "grey" traok (g-par

tio1e.) J 

o) 8ing1y-oharged partio1es with J3 >0.7. partio1.s - nontragm.nts 

of	 th. project11. ( "shower". s-partio1es). 

d)	 proj.cti1e fragmenta with Jd =- 0.97 ( fr ). 

The fol10wing variab1es w.re UBed in our BJialys1a: 

1.	 Transverse mo.enta of projectil. fragmenta. PT• In the oase of 

s1ng1y-oharged fragmenta PT was determined from measurements of 

p~ b1 the multip1e Coulomb scattering method. For mul~ioharged 

trapenta PT- 2PoZ .ine. Hera Po • 4.1 G.V/0. Z i8 the frag

lIent oharge 8lld a the polar Bn81e ol emission of this fragment. 

2.	 Âz1mut~ angl. oharaoterist10s, 

a)	 the azimuthal aay.mmetr7 ooeff101ont of k-type partio1as 

aC..k-r. oos ê i -l / l n. (nk - 1) . 
i"'J tl JC
 

b) the az1muthal oollinearity ooetfioient
 

s, - 1". coe 2€1~/--Ink(nk-1). 
. i"j ti 
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o)	 th. angle between the pronounced direotions of emission of two 
group partiolea (i and ~) in the azimuthal plane 

~1,ja arooos {(61~+ blbm) (a~+ bf)(a;+ b;)] -1/2) , 
al- L 008lfi; bl- L ain 'f>i; am- 1:. coa 'f j; b - L sin 'fi-f • 

1 1 j m j ~ 

Here P i& an azimuthal a,ngle of partiol. emiesion;é ija'f i- 'f j 1 

an angle betw.en th. diroot1ons of 1- and j-partiolQ emisaion. 
). The polar angl. of a resultant veotor of k-typo partioles. 

e R - arcoos (X/IRI),
k 

wherelRla (X 2 + y2 + Z2)1/2. 
W. have inveatigated the dependence of tha above variable distribu

tions on ih. impaot param.ter, thai i8 the centrality degre. of nuolear 
ooll1.ionl oonneoted with the disint.gration d~gr•• of both nuolei, 1.e. 
the numbor of target-nuoleus tragmenta" th. number of h-part1cles per 
evant (~a ng+~) and the summary charge of neon-22 fragmenta Q ~2: zfr. 
Experimental oonditions and aome resulta of carrying out the inve~t1ga~ 

/ 2- S/ . tiona are deucribed in more datail in our papers

ProJectl1e-nucleus fragmenta. Theanalysia of transverso momentum and 

azimuthal anglo oharaeter1stics Jôfr and ~ fr,h distributionsdlt r , 
has shown that: 

t.	 The PT distributions cannot be described by a aingle Rayleih's 
distribution as it followa trom the statistical theory of tsat 
~fragmantation/6/ 

f(PT) ~ l'T exp( -PT
2 / 2 G'" 2), 

due to an abundant yield of fragmenta with larga PT• 
2.	 The tragmente with largo PT (for example, ~-particleB) do not 

Qorrelate with thoae having amall transverso momenta. ConsequentlYI 
other mechanisma ineompatible w1th the single centre emisaion hy
potheais are reaponsible for their formation, e.g., caaoade de
ca18 of heavier fragments, reaoattering and ao on•. 

).	 A etrong a.~etry oi fragment em1a8ion i8 observed in the azi
muthal plane (Fig.1). As a result of the fitting the experimental 
data by the simplest model of fragmentation/4/ taking into account 
a transverse motion of the residual neon-22 nueleu., we obtain 

ç.	 that thi. remainder aoquires a large transversa momentum qT 
, (the 80-oallod bounce oft Gfteot) and , probably, a.n angular lI'1omen

t ;,	 2 

tum (Fig.1). The average value of < qT> for the full ensemble 
i8 equal t~ 0.4 GeV/o. The e8timation of the bounCG oft valuo made 
from th. distri~ution of th. reaultant veoto~8 ,of the proj.otil. 
oharged fragment momenta giv•• tho'value elos8 to that obtained 
above. The < qT > a8 a funation oi the ma8a of the residual 
nuelou. (Q) reaohes its maxtmum for th. mAsm equal to one half 
the projeotile mass. 

4.	 The tendency to the em18sion of eolliding nuolear fragmenta in 
th. oPP08ite direotiona in th. azimuthal plane (analyois of GPtr,h 
in Table 1) ia rein!orced with decroaaing the impaot paramet~r 

(deorease of Q). ' 

l'able 1.- 
Q tí2 3.;.6 ~7 

2
«<J'fr,g) -'Jr/2)·10 32±10 12±) 7:t) 

«	 CP.fr. b) - :Jr/2) '10
2 12±11 4±) 5:t2 

The observed bounoe ofi of the projeotile remainder for peripheral 
col11sions might be explained in tho framework of quaai-elastiç aoat
tering oi th. projeotile by nuolear foroos of a target. However, 
tho rein!orcoment of the tendenoy to the emission .coll1ding nuelei irag
menta in the opposite direct10na with deoreasing the impaot parameter 
finda a more natural explanation in the framework of hydrodynam1os. 
The <~ > dependence on the fragmenting remainder mass (Q) in terms of 
hydrOdynamiC8 ia the dependenoe on the size of the surface which divides 
the hot and oold parte of oolliding nuolei. 

~a~get-nuoleua fragmenta, produoed particles. The analyais of the 
d1Btributigns over azimuthal charaoteristies aL and .fl for produoed 
(o) partioles and target-nucleus fragments (h-particles) and over the 
anglo between the pronounced emission of theae partiolea in the azimu
thalplane ( <.p a,h) haa shown. that 

1.	 The cm1saion asymmetry of 0- and h-partiolea in tha azimuthal 
plane inoreasea with increaaing the centrality degree of nualear 
ooli18ions (with 1noreas1ng ~ and deareaoing Q) ~Table 2). 

2.	 Deerea.ing the impact parameter (Table 2 and lig. 2) re1n!oroe. 
the tendenoy to the em18sion of 8- and h-partioles in the GpPO
site direetions in tho azimuthal plane. 
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F1g. 1.	 ThG transversG momentum d1str1but1on (a) fer project1le-nuo
leus fragments with z-2: 1 - f1tt1ng of the experimental data 
by a 81ngle Rayle1gh' fi d115tr1but1on with G""" <J exp' 2 - byCI 

a s1ng1e Rayle1gh's d1atr1but1on for PT~. 0.4 GeV/o, J 
by a double Rayle1ghts d1str1but1ou. 
~he distr1but1on over the 8zimuthal &symmetry coeft101eut (b) 

tor neon-22 nuoleus fragment8: 1 - average transversa momentum 
of the res1dual nuoleus <: CL.r > .0; 2 - < ~"> .0.4GeV/o. 

i1g. 2.	 The d1atribution over th. angle between the pronounood em1s8ion 
of 8- and h-partiole. in the azimuthal plano, ~Sth. Uisto
gram - OEM, pointa - exper1ment. 
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o !t/2 o 11/2 o Triz TI 
ÇD ---<:Psn , Pig. ).	 Soheme of A peouliar evento 

T~ble 2 

Ensemble ot 
interaot10no < d...s > <«h '> <1> h>s, - 'JL/2 

,j.' 

.I' 

o 

2 

4 

7 

~ 

~ 

~ 

~ 

Q < 2 

Q < 4 

Q < 7 

Q <' 9 

Q ;::. 9 

O.lJ;tO.O) 
(-0.02) 

O.OS;t0.O) 
(-0.02) 

-0.02;t0.02 
( -Q.l0) 

-0.Ol:t0• 02 
(-0.11 ) 

-O.07:t 0 •02 
(-0.12) 

O. l OtO.O) 
(-0.0) 

o.15:t0.0) 
(-0.01 ) 

0.0);t0.02 
(-0.0) 

-0.05:t0• 02• 
(-0.01) 

-0.02±0.02 
(0.0) 

0.40;t0.04 
(0.17) 

0.39±0.05 
(0.1) 

O.27:t0.O) 
(0.21 ) 

o.22:t0.04 
(0.15) 

0.19±O.04 
(0.12 ) 

). The o8scade-evaporation model does not desor1be the valuea of <:J. t 

J3 and ~ a,h (ehoWD 1n the parenthese.) for the m08t oentral 
oollis1ons (Tablo 2 and F1g.2). 

Thus, the s1de-splash of produood part101es and target-nuoleus trag
men~1I 18 obiJerved. This etfeot 18 more prominent for the oentral oolli 
a10n•• Tho observat10n ot .venta with luge az1muthal asymmetry 
, e(.. 8 ~ ).5) in the exper1ment i. a striking 1llustration of the s1do
8plash of thesa part101ea. 44 out ot 1959 events with nB~B havo been 
selected. The CEM doos not g1v~ a s1ngle event with suoh a atronga8~ 

metry. 
The most s1gnit1oant disagreement of the exper1ment with the CEM tor 

th. aventa w1th tho smalleBt impaot paramoter i8 observad in the reg10n 
ot plleudorap1d1t1.s 1~ P~ ) ('? --ln tg( e /2» for iJ-partiol•• anel a t 
angles ot 45°~ 9~ 1350 tor h-partiol••• 

fhe oCmparl80Q of the exper1mental d1str1but10ns over the pol~ angles 
of the resultant veotors for 0.11 part101es from tha oentral col11s10ns 
(Q.O, nn~7) wi.th the CEM ones ahow8 a systemat10 underesttmat10n ot the 
avarag. values of these anglea by the model (table ). In th1a table 
<8 3t'R > io shown for the s-partioles oons1der~d a8 p1ena. Tha a-parti 
eles 8 18f t atter Bubstraot10n of ten partic1es with the smallest angloe, 
cons1dered as lnteraot1ng protons ot proJectile, trom all 8-part101es 
are attr1buted to pieno. This proa.dure oan be u~ed for aventa with 
Q • O. The avarag. value8 ot the d1ff.reno. psoudorap1d1tles betw••n1\ 
ne1ghbour1ng partiolcu t <A ~3t") t are &180 presented in th1s tabl'e. The

1\ 

,l
~	 5;, 



Table ).-
<e R > <e'Jt > 

g Rs < A~~ > 

24.8:t 1•2 12.4±0.5 o. 126:t0.OO) 
(17.9±1.2) ( 9.1tO.4)(0.16)±o.004) 

25.)±).6 1).6t1•8 0.116to.OO8 
(1).8±1.6) ( 8.0±1.0)(O.142±O.017) 

'!',

rity (Tablo 4). The emie8ion of pioDa with J3> 0.7 becomos moro oomb1ned 
(deoreas8 ot « A P.1L > ). The largo valu. of the oollinaarit,. ooo!fioient 
for all s-particles may be conneoted with a oonsiderable angular momen
tam tor a system deoaying into given I-partiol••• The CEM de.oribes 
ne1ther th. observod value. quantitatevely nor the iendenoy oi their 
ohange. The values of c e R '> , <o( 8 > and <~ • '> in the model 
deorea•• when pa88ing to thi peouliar evento. The reverse tendency i. 
observed in the experimento 

It ihe peculiar eventa are assumed to be connected with a gmaller 
impaot paramoter than céntral eollision avente, then th. experimental 

tendenoy of ehang1ng <e R > <ri.. > and c rj '> ehows evidence tor the 
k ' e .r • 

hydrodynam1o approaoh. 

Conoluoion. Âo a result of the inveotigat1on ot interaot1ons ot 
neon-22 nuelei with emulsion the !ollowing e!teots not desoribed by 
CEM have baen observedl 

1.	 The remainder neon-22 nucLeus aoquirell a considcrable transvorso 
momenium (beunoe o!! etteot) and , probab11, 80me angular momon
tum. 

2.	 Azimuthal asymmetry tor all partiole. i8 ob••rved in tho central 
oolli.ious with heavy emu18ion nuolei (8ido-splallh of produoed 
part~cl•• and target-nuoleue tragments). 

3.	 The tendenoy to the emi~aion of projectile-nuoleul and target
nuoleua tragmento, produced partioles and target-nucleul tragments' 
in the 'opposite direot1ollS in the azimuthal plane ·i8 re1n!oroed 
with increasing the degree of oollision oentralit" 

4.	 The peouliar eventa have b.en tound amQng th. oentral interaotioDa 
There are no partiol•• w1 th Jb> o.7 registered in thea8 .vente a t 
anal•• greator than (6-12)0 rel.tive to the prejeotilo. 

Re!erencel3. 

1.	 Barashenkov V.S., Zheregi J.G., MU8ulmanbekov Zh.Zh., Yad. Fiz., 
)9,1984.p.l1)). 
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Interaotions liev 

Central 218 
(116' 

Peculiar 16 
(6) 

111h 

<8 a> 
b 

76.4±2.5 
(67.0:t2.7) 

81.4±6.7 .
(6J.6;t7.8) 

r 
laat data ind10ate that pione with ~> 0.1 tend to stronger grouping 
(olusterization) than in CEM. 

Peouliar eventa. The evento oallod by u& flpeouliar" wero tound in 
the analyais ot central 1nteraotions. There are no partioles with 
~> 0.7 observed in theae events at anglea greater than (6-12)0 rela

tivetothe projeoti1e direotion. 18 out at 218 eventa ot oentral oolli 
aions have been regiatered using ihe selection criterion e m1n~ 7°. 
OEM givea 11 eventa bl no~.izing both oamples (0xperiment and model) 
to the aama number of oentral ool11Sio~ eventa and 5 eventa by norma
lizing to th. number ot a1~ inelastio interactiona. The probability ot 
oommon appurienanoo to ih. same Poisson distribution for 18 and 11(5) 
eventa tor an average ot 11(5) ia oqual to 10-2 (4.10-6). It ia obviou8 
that the experimental probabilities are not reprodueed by CEM. Let us 
oonsider the oharaoteristica of peouliar events as oompared with ihe 
8vent8iof central oollisions. The mult~plioitiea of s-pariioles and 
h-partiolea do not praotically change (see Table 4). 

Table 4 

OIntral J).4±0.6 )1.8;1:0.6 85;1: 8 
(34.9;t0.6) ()8.4;t0.7) ( 7± 5) 

Peouliar 31.8±2.5 )1.)±1.6 90±29 
(J4.8±2.9) (45.0;t).9)(-20;tl) 

Interaotions <na '> <~> <o<. ,>. 102 .( fl. >. 102 « t"h >- ~'lÇ \. 102 
s .r« 'T e,g 2f 

• 

'fJ:24;t6	 J 

( 9:!;8l 
.,I

22±2) 
:I (12±41) 

6;t4 
(-6±4) 

)2±12 
(-26;t8) 

'I 

Tho avaraso anglo. ot th. rosultant v.otor. for all partiol•• in~resse 

I
II

~	 a1though th••tati.t1oí i8 inauttioiont (see Tablo ). ~ho .amo tondeno3 i' 
1~ ob~.rvod for tho co.ffioi.nta of azimuthal a8ymmetry and oollinea- "I 
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3nb-HsrH A. HAP· EI-87-472 
Oc06eHHocTM HeynpyrHx a3aHMOAeHcTaHH RAep HeOHa-22 
C MApaHH ~oT03MynbcHH npH HMnynbce, 4,1 A r3B/c 

Ha OCHOBe aHanHaa pacnpeAeneHHH no nonepe4HWM HMnynbcaM ~arMeHTOa RApa
CHapRAa H KoppenR~MH no aaHMYTanbHWM yrnaM BwneTa 3THX ~parMeHToB nOKa3aHO, 
4TO B pe3ynbTaTe B3aMMoAeHcTaHH RAep HeoHa-22 c RApaMH ~T03MynbcHH oCTaT04
Hoe MAPo-cHapRAa npH06peTaeT 3Ha4HTenbHWH ~,4 r3B/c nonepe4HWH HMnynbc. 
B ~eHTpBnbHWX cOYAapeHHRx c TR*enWMH RApaMH 3MynbcHH 06Hspy*eHa a3HMYTBnbHaR 
aCHMMeTpHM Bcex THnOB 4acTH~ /60KOBoe BwnnecxHBaHHe/. B 3THX *e B3aHMOAeH
CTBHRX 06Hapy*eH xnacc C06WTHH, Ha3BaHHWX oc06wMH, rAe nOA yrnSMH /6-12/0 no 
HanpaBneHHC nepBH4Horo RApa HeT 4aCTH~ c a> 0,7. Hs6n~AaeTcR TeHAeH~HR 
x HcnYCXSHHC B npOTHBononO*Hwe CTOpOHW B s3HMYTanbHoH nnOCKOCTH ~parMeHTOB 
cTsnKHBa~xcM MAep,~parMeHTOB RApa-MHWeHH H pO*AeHHWX 4aCTH~,YCHnHBa~aRCM 
c YMeHbweHHeM napaMeTpa YAapa. noxa3aHo, 4TO XaCXaAHO-HcnapHTenbHaR MOAenb 
He onHcWBaeT Ha6nCAaeMWX MBneHHH. 

Pa60Ta BwnonHeHa B na60paTopHH BWCOXHX 3HeprHH OHRH. 

npenpHHT 06'homHHeHHOrO HHCtHTYTi IIAIIpI{bllt IICCJte.lloB8.HxiI. ,lly6l!a 1987 

EI-Naghy A. et al. EI-87
Particularities of Neon-22 Nuclei Inelastic 
Interactions with Emulsion at 4.1 A GeV/c 

From the analysis of the transverse momentum distributions and azimuthal 
angle correlatIons for fragments of the projectile nucleus, a resIdual nu
cleus of the projectile Is shown to acquire a large -0.4 GeV/c transverse 
momentum In collIsions of neon~22 nuclei with emulsIon. The azImuthal asym
metry for all particles (slde~splash) Is observed In central collisIons with 
heavy emulsion nucleI. The class of events called p~rtlcular events, where 
the particles with a > 0.7 are not observed at angle less than (6-12)0 rela
tive to the direction of flight of the proJectile, has been also found among 
the central collIsion events. The tendency to emission In the opposIte direc
tion In the azImuthal plane of collIding nuclear fragments, target nucleus 
fragments and produce partIcles Is observed. ThIs tendency Increases with 
decreasing an Impact parameter. These effects are not described by the casca
de-evaporation model. 

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