


INTRODUCTION

At present it is experimentally established 1.2

that in
interactions of varioua elementary particles and nuclei with
nuclei in the nuclei fragmentation region yr'-mesons and other
particles are observed far from kinematical limits for interac-
tiona of elementary particles with nucleon (cumulative erfect).
The bulk of this type experimental data gives us very important
‘ information on nuclear matter microstructure. In the last few ‘
years the possibility of appearance or some other effects in
relativistic nuclei collisions has been widely discussed This
report presents several experimental investigations carried

out recently at the High Energy Laboratory, JINR. o

1. Cross sections of secondary fragments

An increase,of;inelastic cross sections of secondary
fragmentsTas comparedvto cross sections ofkprimary nuclei with.
the same atomic number'may besdue to decreasing'binding_energy
and other less trivialAreasona }3,4 .,Pictures_of the 2-m pro-
| pane’bubble chamber"exposed.to a carbon beam at 4,2 GeV/c per

nucleon were used to measure inelastic cross sections of multi-
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charsed*stripped fragments. Theifragnents with;momenta\ )
P/Z 3 3 GeV/c and angles § &4° were defined as stripped ones.
To seek cn interaction,'all secondary'rragnents were scanned '
rrom the primery vertex on a length of 33 cnm. Methodicel and

physical analysis 5

was based on 3700 events with'multicherged
rragment production. ‘

The main methodical difficulty in such a type or experiment
is the effect or overlapping‘secondery neishbouring tracks and
stars;'Due‘to this fect, the cross eections“for'spectetorv
rrasmente were measured etva distenco of'-10:ch-rron the
primary vertex of the. star. This corresponds to an excitation
lifetime of. Ta~ 107 10 ... o

Figure 1 presents the interaction cross. sections ror rras-
ments versus their mass nuuber Ar (circles). The crose sections
of interactions 6 with propene ror beams of protons, deuterons.
helium and carbon are 5iven by triengles. The dashed line is
drawn throush experimental points ror nuclei from the accele-
rator. The interval of change of mass numbers is given by
horizontal lines, Figure 1 shows that there is no. appreciable
increase of the cross sectiens for interactions of spectator
fragments, This result is not in contradiction with the emulsion

experiment data  , where the conclusion is drawn of a 6%
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contribution of nuclei with abnormally large cross sections and

a lifetime of Tq % 1010 gec,

2. Correlated emission of X “-mesons

The observation of the interference effect 1 between'two

qt'-mesons in nucleus-nucleus interactions 8,9

allowed the
size of the 1[-meson generation resion to be estimated. A re~
lative contributionvor interrerence phenomena in the systems of
identical particles is essentially dependent on the dynamics of
interactions}’For instance 101, coplous isobar production creates
good conditions for these effects.

Here are presented data 1"

on correlated emission of
several X "-mesons produced in the interactions of carbon
nucleus with tantalum at ﬁ, = 4,2 GeV/c per nucleon, Three -
tantalum plates (A=181) 1 oo thick were placed inside the
working volume of the 2m propane huhhle chamber,  The search.for
correlated emissioh,of 7{'-mesonskwas carried out by analysing
effective mess”spectra Mh’ri
-effective mass distributions were obtained‘by

of nX " -mesons (n=2,3,4). The back-

ground Mh"

combining 1{'-mesons taken randomly from different events,
Figure 2 gives values of the ratios of the expérimental

expt

to the background distributions R = Mo nx backgr.

nx

. Tests of two versions of backe

/M for

n%"~ -meson systems versus Mnﬂ'
ground are presented. The first one’(circies) contains combine-
tions made up of 1[‘-mesons all being taken randomly from dir-‘
ferent events. The second version of background (triangles),
differs from the first one in the following: only one of

nX “-mesons 1s taken from another event, It is seen;that in

both cases the experimental dietributions‘exceed the background

ones in the region of small effective masses. The effect 'is more

propounced«for higher .n.
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The fact that the effect is seen:.against. the.second version
of background indicates that there exist 3K - and 4% " -meson
correlations which are-not due to 2=~ and 3-pantlcle correla-

tions, respectlﬁely.

3, Abnormal ﬂ -decays of nuclel

It is known that the lifetimes of ‘F-actlve nuclei are

QZF 2 11 msec and the maxlnun energy. of Jb -partlcles ‘is
} S 16.4 MeV- (12N ), -If-exotic’ ‘superdense’ ‘nuclei wlth large
binding energy are formed in relativistic nuclei lnterectlons,
then the observation of abnormal Jb -decays with Q{Ff:11 msec
and T} > 16,4 MeV ls not: excluded 12 o

The search for abnormal P -decays of nuclei by methods or
hydrogen and propane bubble’ chambers with internal targets was
carried out by Yu,Troyan's tean. anthe usual mode several
particles are incident on the chamber at the time approximately
correspondifg to the minimum of pressure, If the active been
time is shifted to the left of the minimum, then at some time
4. thers will be no condltlone for the formation of bubbles
because of too large pressure. For this time tb an ‘intensive

beam of particles can be passed through the chamber which will

P

activate the liquid of the chamber and-the internal target,

As the pressure decreasés, the conditions approach those required

. .
for bubble formation and at some t1 e"-tracks are well registered.

Time £1't°,15 a "dead" time of the chamber,and in this case it
is equal to (5-10) nsec.

The 2m hydrogen bubble chamber with tantalum targete was
irradiated by 12.2 GeV/c 1('-mesons. The 2m propane bubble
chamber with Ni, Cu, Ta, Pb targets was exposed to beams of
protons at Pp = (1.93 3.4; 9.9) GeV/c, of helium nuclei at
Puk = 0.95 GeV/c per nucleon and of carbon‘nuclel ac ?c = 3.4
GeV/c per nucleon. No event of JL -decay nlth an energy of
T} > 16.4 MeV was found, The estimate of the upper llmlt of

the production cross sections for abnormal nuclei with a llfe-

 time of {5-10) msec for different irradiations is between

(10728 _ 10733} cn? per target nucleus. .

Under optimal conditions and obtaining 105 pictures the
given method allows one to measure the cross sections down to
107 =35 cm2. Experlnents for shorter llfetlmes can be done uslng

special bubble chambers.and streamer ones.

4. Shock waves
In. recent years conslderable attentlon has been glven 14
to the theoretical and experlmantal studies of shock waves uhlch
cbuld appear as einaglmum ln,angular dlstributhns;of,seconnary.
particles. Indications of these features have been obtained in
several works 15,16 ' . l

Ansular dlstributlons of secondary partlcles 1n carbon
nuclel lnteractlons at 4.5 GeV/c per nucleon wlth copper and lead

nuclel were:investigated by E.Okonov's teanm, The experiment 17
was done by electronlcs method., Events of central nuclel

colllslone uere selected The crlterlon of centrallty uas the

absence of charged projectile fragments in a narrow cone of



N ‘l\ . 9 Fig.3. Angular dependence of the '
s .

*o\ proton yield in central C Cu and
Cez} \ "~ C Pb-interactions.
s C
[X 3 d ]
oos} AN N

006+ : \1 e\§ ) i o . iy
aost . ) "]
N b . : a

008 \} \k‘\pb ) A ‘!

Q06 5 1
~¢ !
oo Cu R ~i
l \
oot~ o ¥,
1 220 3 @ S0 60 1 R (deq)

+ 60 nrad. Es'timates have shown that snch a criterion corres~
ponds to the selection on impact parameter b£ 2.5 fm for C-Cu
and b_.$.>l+.5 fm for CePb collisions..The registered particles
mainly consisted of protons of two momentum intervals: Pp; 350
MeV/c.and 550 » P 2 350 Hell/c.' ' l )

Figure 3 shows angular dependences of values N and NZ in

e
central C-Cu and C-Pb interactions. These values are an average
number of particles registered by a telescope per central
‘interaction of carbon nucleus for the first and second momentumﬁ
intervals. It is seen that anomalies in angular distributions .
are not observed. This eiperiment does not exclude the possibility

of existance of a peak in angillar distributions if it is formed

by strong correlated (_‘_ 5°)con‘p1e , triple particles and"so on,

5. Multiplicity of X “-mesons

A maximum number of nucleons: takes. part in central colli-
sions of nuclei.: This creates ‘optimal ‘conditions for appearing ’

collective effects. The experiment was carried out by E.Okonov's

team™ ‘using the SKM-200 streamer chamber. The criterion of

interaction centrality was the absence of charged proJectile B

fragments Ap in a narrow forward cone of (0-14) . A part of
experimental material vas obtained'with the use of a veto:'
on stripped neutrons, ' " k

’The analysis was based on ~~ 12 thousand ..events.' The depen-
dence was investigated of a relative width of the dietribution '
P‘\ ]on the multiplicity of 4¢ '7‘-'meeons~ h ='D2/ <n_>: versus

the logarithm of the total inelastic to' the central collision

) cross section los (0' / 6' ).

Figure 4 presents ‘values 'L “for different conditions of
angular selection. The curves are drawn through the: experimental
points. The straight lines of the same kind correspond to the

Poisson distribution, rl s1. 'rhe black points correspond to

N

trigger with an’ additional veto on stripped neutrone.
Thus, the conclusion can be drawn that in” central collisions

of nuclei R is considerably smaller than for, i{nelasﬂticyinter-

actions 7 . With increasing C;.n, °;c' i.e. decreasing.

| SKM-200, Pa&5 Gev/c/N."
CENTRAL COLLISIONS * '

Fig.4. Dependence of a rela-
tive width of the distribu-
tion on the ,multiplicity of
n ~mesons versus the logarithm
of the total inelastic to the

central collision cross section.
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average impact:parameter; n decreases to the plateau, -The level
of the plateau falls down t0-.0.7 - 0.8 witﬁ 1ncreasing At‘ These

experimental data contradict the predictions of thermodynamic

18

models, according to which the distribution P(n_) in central

collisions has to obey the Poissqn law 18 .

6., Six-quark state in deuteron

The proton spectrum from the deutron fragmentation on carbon

{

at 0 was measured by L,Strunovts team‘hsing the one=-arm. magnetic

spectrometer "Alfa"/19/

. The deutron“primary momentum was equal
to 8.9 GeV/c. The measurement of proton yleld was taken down
to kinematical limits of the process.

In Fig 5 the solid curve is computed by the relativized

Reld soft.core wave  function /20/.

ﬁ’np and the Glauber ;heory
In a 5.8 « 6.8 GeV/¢c interval kinematicaily corresponding to

the intermediate A -isobar _contribution the experimental values
'- e —"- ‘“I‘)
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exceed the calculated ones.'Usiﬁg’the s-wave oscillator model;
the 69 component is introduced into *& and estimated in ‘a’
7 - 7.8 GeV/c rezlon by the interference with q/'np‘

In the frame of this model there is an evidence (see Fig.5)
for the destructive interference with the np-state (having here;
at small distances negative S-wavé) and for the’contriﬁutioﬁ‘of:

the 6q-state in deutron P2>-31$.

CONCLUSION - s S A

Reletivistie nuclel allow mﬁltineeleen ieteeectieﬁsvéo b;'
investigated essentially, Then a fundamental quostion arises.
What degrees of freedonm 1n dynamics will be revealed in nuclear
matter? _ » B ‘

At primary energies per nucleon, when channels of particle
multiproduction have been already opened, quark degrees of. free-
dom are of great interest, ' From this point of view.studies of
cumulative particle production are very important.. Thase,
particles can be produced in the collision with flucton comparable

721/

to the-size of hadrons. The search for multibarion_resonahces

1s a problem of today,

The measurement of the yleld of elementary p;rficles,
depending on the atomic number of projectile nucleus 1s of
imbortahcelzz/. In this case ;he primary energy per nqcleen of(
projectile nucleus andlthe §ar5et atomic number g}e fixed, Frem
ph&sical and methodical points of view it is more cenvenﬂeqt to
perform an.experiment with zregistra‘tipn of a}ntipirj‘otons’ whieh;
consist of three antiquarks.(ﬂel;tivistic nucleus in the labo-
ratory system can be presented as a parallel beam of nucleons. .
At the'collieioq in the target nycleus,beamq of ;econdary par-
ticles will be created from projectile_nucleons.rIt is,suppesed
that some timeiie gequired to form e;emen;ary part;clee/frqm o

constituents, If the formation time 1s comparable to phe

9



distance between points of‘in;eraction of projectile hucleons.
quarks can be reeombined to elementary particles from different
sources. This case corresponds to quark plasma,

:;f qpark plasma is realized,  1i.e. y overlapping of the
Peams of secondary particles at the quark stage, then a combina-
torial increase of aqtiproton yield has to be observed w;th‘
rising the atomic number of proJecpiie nucleus.. Binominal coef=-

i 3
ficient Cn

will be of great importance, where n is the number
of antiquarks in plasma, Otherwise, the antiproton yield_will
1ncrease directly as the average number of 1nteracting nucleons
of proJectile nucleus. ' .

I am grateful to Prof. A, M Baldin for helpful conversa-

tiohs and comments.
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