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Interactions of relativistic nuclei have been studied at Dubna
since the early seventies, During this period of time the choice of
nuclei accelersted in the synchrophaéotron was being gradually enlar-
ged and their intensity increased. Putting a new ion source with a
10 Joule 002 laser into service led to an increase of the intensity
of a beam of carbon, ions by a factor of about 102 and allowed one to
add lithium and magnesium to the last year's list of accelerated nuc-
lei [1]. Table 1 shows nuclear beams available at present (summer
1984). All these are external beams of fully stripped ions. Fast or
slow ejection with 400 ms "flat top"” is at the user's choice,

%
Table 1
Type of nuclei Energy, GeV Intensity per pulse Ion source
P 9.0 : 4x1 012 duoplasmatron
d 8,2 1.5x1 01 2 duoplasmatron
at 8.2 - 5210° "Polaris"
3.He' s 17.2 2x1 010 duoplasmatron
4He 16.4 5x1 gld duoplasmatron
614 ‘ " 24.6 1.5x108 laser
Gy 23.9 2x10° laser
12 49.2 5x108 laser
169 65.6 ' 5x10° *Krion®
22y, 81.0 104 . *Erion®
24y, 100 02 laser

t : g
Cryogenic panels (2] are being installed inside the vacuum tank of

the synchrophasotron in order to improve the vacuum, what is necessa-
ry for the acceleration of heavier nuclei., With all panels in place,
what is expected by the year's end, one should be able to go to Z=18
(argon). For 2/A=0,5 nucleil the maximum kinetic energy is 4.2 GeV
per nucleon (momentum Pme S5 A GeV/c), what is substantially higher
than at the Bevalac. - . :

In more distant future there are plans to build the NUCLOTRON,
a8 new synchrotron ring with aupei'conducting magnets, which would be
able to accelerate all ions up to about 6 GeV per nucleon [3] . A
model superconducting synchrotron for a 1.5 GeV energy for protons, -
called the SPIN, is now near completion [47] . A

Physics experiments at the synchrophasotron use various visual
track detectors (bubble and streamer chembers, nuclear emulsions) and ~
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—>D + ess 8t P = 8,9 GeV/c) allowed one to- reach higher momentu?n
transfers and revealed a discrepancy with the standard nucleon-nu-
cleon interaction form (the "Paris" potential [30] ), see Fig.l.
The "Dubna wave function" exi-
racted from these data agrees
with that from electroproducti-
on experiments &t SIAC [ 31,
Kharkov [ 32],and Saclay {33] .
The observed excess for k>0.2
GeV/c (k - relative nucleon mo-
mentum in deuteron) is inter-
preted as a manifestation of
| the six-quark component in the
L AR e ) | deuteron wave function: y(d) =
0 02 04 06 KiG/el  _ (1-0) y(pn) + & W(6a),
Fige1l. Nucleon momentum dis- with a value of about 10% for
tribution in the deu~ the "6q" admixture. The hybrid
et : model of ref. [ 34] has been
used for the description of the data. An investigation of the frag—.
mentation of polarized deuterons could give additional information on
the quark structure of the deuteron wave function {357 . Such an in~-
vestigation is planned at Dubna by the same groupe.

For heavier nuclei, as 'pointed out in refs. {36,37] , the longi-
tudinal momentum distribution in the fragmentation process with the
removal of one nucleon, Buch a8 4He--~> He, or 0 —'70, will di-
rectly reflect the internal momentum distribution of a nucleon inside
the nucleus, In such a reaction the longitudinal momentum distributi-
on of the observed cluster of A-l nucleons in the projectile rest
frame must be equal to the momentum distribution of a sing{te nucleon
ingide the projectile because of momentum conservation [24] .

The reaction 4ye —> He at P = 8.6 GeV/c has been studied at
Dubna using the 1 m hydrogen ‘gubble chember [ 38] . The momentum dis-
tribution of the "spectator® He fragments up to about 400 MeV/c can
be satisfactorily described using the wave function of the 'He nu-
cleus given by Bessel and Wilkin (39] and the formaliem developed by
Kopeliovich and Potashnikova {401 Alternatively, the charge density
distribution as given by Sick [ 41 ] may be taken and the spectator mo-
mentum distributions obtained by a Monte-Carlo _procedure. This me-
thod allows one to calculate momentum distfibut;ons not only. for sin-
gle nucleons but also for nucleon clusters as shown for the reaction
4He—-)23 in ref. [42) . The same group is now studying the reaction

T y T i 1 i
Our data extracted from
dA — pX at 896eV/c,8p<4°
x -~ C target
o- CHZ target

+

3He—-» 2% at P = 8,0 and 13.5 GeV/c. Also the "Alpha" spectrometer ;
group has begun to investigate 3He——)p and 3!1e-—> d reactions at
beam momentum from 6.0 to 13,5 GeV/c with the aim to extract the
wave function, especially at higher values of internal momentum. A
gimilar experiment with 4He is planned, In order to describe the-
3He data, in ref, [ 43] the hybrid model was appropriately extended.
Besides the "6q" admixture, a "9q" contribution was also included
at a level of ~1072, The reaction 190 >0 at E/A = 2.1 GeV was
studied at Berkeley { 37] with the result that a high-momentum part of
the wave function should be modified. A similar reaction 16O ——->15N
at E/A =-.3.5 GeV is being studied at Dubna using the 1 m hydrogen
bubble chamber. ; At

An evidence for the existence of multiquark configurations in
nuclei and for their increasing role with increasing A comes also
from the analysis of nuclear structure functions, A first indication
was provided by experiments on cumulative particle production [44] ot
We call "cumulative" those processes of particle emission which prd- ;
ceed beyond kinematical limits of a single nucleon-nucleon collision
(for a target at rest such processes would require a target heavier
than nucleon mass). The emission of pions, kaons and antiprotons at
backward angles (i.e., with high values of longitudinal momentum
transfer) has been studied at Dubna in proton-nucleus collisions at
8.9 GeV, The results of this experiment are shown in Fig. 2a. It has
been found [ 45] that inclusive cross sections factorize and can be
expressed as a product of two universal functions: :

E _da% 2
3 m =C . (P(pl ) exp(-X/<X>) ,

where (p(p1_2) = 0.9 exp(-2.7 pf) + 0.1 describes the tranaverse
momentum dependence, X is a longitudinal scaling variable, and<X>s=
= 0,14 is a universal parameter. The variable X , closely related
to the Bjorken variable x = Q2/2Mv , is defined as follows

5 oo 2 .
(Pp <) - omy

(Ppe Pry) - MyMpy- (Ppye Py)
where PI and PII are the four-momenta of coliiding nuclei, l‘.[ and

their masses, and the index 4 corresponds to a secondary parti-
cle, For deep inelastic lepton scattering, neglecting masses, I/LII

~approaches x . The variable X 1is called the effective cumulative

number, and in the rest frame of the fragmemtating nucleus it is appro-
xinately equal to the minimum target mass M, = (B - p“)/-.,
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where E and py are the energy and longitudinal momentum of the pro-
duced particle, oy is the nucleon mass. The "cumulative®™ region
corresponds to X >1,.

Similar results and the same value of the slope <X>= 0.14 have
been obtained in the proton-nucleus "cumulative" experiment at 400 GeV
at Permilab [ 461,

In quark-parton models the function G(X) = exp(-X/<X>) is in-
terpreted as a gquark-parton structure funciiion of the nucleus, and
the value of <X> as an average longitudinal momentum of quarks in
the nucleus [47 ]Jo At least two arguments can be given in favour of
such interpretation of G(X). .

Firstly, the same value of <X> has been obtained in deep inelas-
tic muon scattering on nuclei. The corresponding prediction was made
by Baldin [9,48] and verified by the NA-4 experiment at CERN [ 49],
These results are shown in Fig. 2b, while Fig. 3 compiles the valges
of <X> for proton-nucleus "cumulative" experiments and for deep ine-
lastic scatterihg of 280. GeV muons on nuclei. As deep inelastic lep-
ton scattering is believed to represent interactions with quarks, the
universal value of the slope parameter <X> for all discusaed expe-
riments indicates the quark nature also for cumulative processes,
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Pig.2, Invariant cross Fig.}, Compilation of the
sec%ions for cumulative i values of < X> obtained

meson production (a) and

deep inelastic muon scat-

tering (b) on nuclei[45,49]..

Secondly , the value of <X> = 1/6, close to the experimental
value of 0,14, follows from quark counting rules.ilgcording to e
refs.[50,51], the expected behaviour is (1 - I/i) ~7 which approgp?es
exp(~6X) already for not very large i,

from various experiments.

o -

Ratios of quark-parton structure functions for various nuclei,
as obtained from the date on cumulative particle production, are
shown in Fig. 4. In the region X>1 three sets of points are drawn:

b/l Do, 6 / and ©. / 6 1« Their very different behaviour
can be 1nterpreted as a manifestation of multiquark configurations :
existing in nuclei, In the deuterium nucleus there are no configura-
tions including quarks from more than two nucleons, while the alumi-
nium nucleus differs a little, in this sense, from the lead nucleus.
The comparison of structure functions for various nuclei {47 ] indica-

tes that for A>20 the amount of multiquark configurationa in nuclei
is stabilized at a certain level.
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Fig, Ratios of nuclear Fig.5, Ratios of nuclear struc-
struciure functions ob- ure functions calculated in
tained from cumulative me- the quark-parton model with mul-
gon production experiments tiquark bage [ 56]

at Dubna [ 47].

These conclusions have been confirmed by experimental results on
deep inelastic scattering of muons at CERN [ 52] and electrons at
SLAC (53] on various nuclei, In these experiments it has been found
that structure functions of Fe and D nuclei differ strongly, and their
ratio cannot be explained by the known nuclear mechanism. This is of-
ten called “EMC effect" after ref, [ 52]. Results of these experiments
are, however, restricted to X< 1. ;

or many theoretical papez;a aiming to explain the EMC effect we
shall quote only a few, Faissner and Kim [ 54] and Kondratyuk and Shme-
tikov [ 55] claim that in order to describe the experimental data, the
admixture of "12q" clusters in heavy nuclei should be as high as

.15-25%. The latter authors stress that "12q" bags are not identical

to alpha-particles, the quark distribution in a bag being different



from that in a nucleon. Garsevanishvili and Menteshashvili [56], on
the other hand, claim to need only "6q" clusters and a esmall admix-
ture of "9q" clusters in order to describe the nuclear structure fun-
ctions both in the X<1 and X>1 kinematical regions. In calcula~
tions they use a fixed bag radius of r_ = 0.8 fm. Fig.5 shows their
results for the ratios of nuclear structure functions (note the log-
-log scale).

The fragmentation of a relativistic nucleus into several frag-.
ments can also provide interesting information on nuclear structure.
Such investigations are still the domain of wvisual track detectors
what, unfortunately, means limited statistics, In an emulsion experi-
ment‘at Dubna it has been found that a relativistic 120 nucleus with
relatively high probability is broken into alpha-particles [57 ], A si-
milar evidence comes from the propene bubble chamber [ 58], Prelimina-
ry data from the hydrogen bubble chamber also indicate a high fracti-

on of alpha-particles among the fragmentation products of 0 nuclei,

However, it should be pointed out that these low-momentum-transfer
processes are probably manifestation of ®"usual®™ alpha-clusters known
from standard nuclear physics rather than of "12q" bags which should
be searched for in high—momentﬁm-transfer processes. i
Speaking df thé fragmentation of relativistic nuclei, one is tem-
pted to say a few words about "anomalons" (nuclear fragments with ano-
malously high interaction cross sections), which have attracted great
attention during the last years. Now it seems that the odds are :
against the existence of "anomalons": one can quoie here several re-
cent experiments using emulsions [59, 60], plastic detectors [ 61] and
multilayer Cherenkov counters (62, 63]. As an example, I will show
in Pig. 6 the results of the emulsion work by the Alma-Ata,etc., Col-
laboration [ 59], in which statistics was high enough to allow frag-
ments of all charges from Z =3 to 2 = 10 to be studied separate-
ly. No evidence for anomalons can be seen. ‘
Concluding the first part of my talk, I would like to state that frag-
mentation processes of relativistic nuclei are perhaps. "ordinary nu-
clear physics in a fast-moving refeérence frame®™ only at very low mo-
mentum transfers, while at higher momentim transfers they reflect the
quark structure of nuclei. Quark-parton models assuming the existence
of multiquark configurations in nuclei seem to be able to explain the
behaviour of nuclear formfactors, deep inelastic lepton scattering
and particle production in the cumulative region. Substantial diffe~
rences exist, however, between various formulations of such models.
Coﬁing now to the second topic, which is multiple particle pro-

Fig, 6, Mean free path of
ragmentation products of
22Fe nuclei in emulsion

_[59] - evidence against
"anomalons".

Alew)

duction, I would like, to point out that most of the relevant experi~
mental data obtained at Dubna, as well as at Berkeley, are inclusive
data (cross sections, multiplicities, single-particle spectra, etc,)
Inclusive measurements have recently become the subject of st;ong P
criticiem as non-discriminative between various theoretical models
and thus not useful for our understanding of the underlying physics
:;:eia:.g., £64] ). Let us, however, recail what we have learnt from
ge-angle two-proton correlation experiment st Berkeley., The
main result of this experiment was a direct observetioﬁ of u;si
-elagtic 'NN scattering processes iﬁ collisions of relativ:sti !
clei [65] (Clean Knock-0On, or CKO processes in the terminolo :fn:;f
[(66] ), For light nuclei, the contribution of these processe:yto th !
proton yield would amount o about 40%. An evidence has been als .
tained .that most of the protons suffer more than one NN coIlis: %
[671 a substantial role of NN scattering; both elastic and inel 7
could, however, be expected on the basis of general arguments i
at the beginning of thig talk. A successful description of e gizen
tal data by the cascade model supports this point of view (Bzz :0:::;
Results of our earilier anglysis of the interrelation between th .
ber of produced pions, dispersion of their multiplicity distribu:inum-
and‘number of interacting nucleons from the projectile nucleus al .
indicate the independent nucleon interaction mechanism [ 8). So >
have not learnt anything exciting, In this respect interfe;e 4o
~angle) correlations look much more interesting. B e

Multiple particle production ha
8 been studied at Dubn
of the 2m propane bubble chamber with internal tantalum t.:gzi iy
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plates, exposed to p, 4, “He —and 2¢ veams at P/A = 4.2 GeV/c, and
the 2 m streamer chamber ”SKH—ZOO" with various internal solid tar-
gets exposed to 4He, 20 and 60 beams at P/A = 4.5 GeV/c. Small
exposures of the bubble chamber to 22Ne and = beams have been
also made for methodical purposes., Main results from the bubble cham-
ber can be found in refs. [68-70], and those from the streamer cham-
ber in refs. [T1-731.

Let us look at some new results on interactions of p, 4, 4He
and 126 with carbon {74 ]J. These reactions were selected from inter-
action events occurring in propane, Secondary tracks in about 2000
events of each group were measured, and single-particle inclusive dis-
tributions were obtained. Table 2 shows the average characteristics
of secondary I mesons together with the predictions of fhe’Dubna
version of the cascade model - DCM [75 ). Pig. 7 shows 7 rapidity
distributions also combare§ to DCM, The agreement with the model is
good .

Fig. 7. longitudinel rapidity

of negative pions produced in

i o a5 interactions of p, d, He and

: o pen C with carbon at p/A-4 2 GeV/c[74].

el ; i Data on T~ production in d-Ta and
; C-Ta collisions at 4.2 GeV/c per nucle-
"on [ 76] are certainly worth mentioning.
In the JIRR propane bubble chamber gam-
i e ma-quanta can be recorded with an ave-
aagh : e rage registration probability of ~8%.
On the basis of 248 e*e” pairs from
X ',745 i d-Ta and 855 e'e” pairs from C-Ta in-
T & !J teractions it has beenofound that the
4 average numbers of I mesons and their

El i 7 5 multiplicity distributions are the same-
il }}} as the corresponding distributions for

}ii{ 7. In order to obtain the multiplici-
ty spectra, the Tikhonov's regulariza-
tion method was used in solving the sye~
tem of equations. Pig. 8 displays the ‘
dependence of the average number of I
versus the number of 77 . Contrary to NN interactions at the same
energy per nucleon where <ng> decreases with 1ncreasing n_, in
nucleus-nucleus collisions <n,> increases with n_ wup to n_s=2<n_>.

PYIH
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Thig difference in behaviour seems, however, only to reflect the me-
chenism of multiple NN collisions in nucleus-nucleus interactions.

Table 2
pC - a0 HeC ce

<n_> 0.33 £ .02 0.62% ,03 1.07T % .05 1.52¢% .07
<n_>expt. 1.14 % .08 1.23 ¢+ 08 1.11 % .08 0,85 % .07
12 oM taay s s 1o 0.70
<p>expte 0.26 ¥ .01 0,26 % .01 0.26 * .01 0.25 £ ,01

GeV/c DCM. 0.2 0,23 0.24 0.24
<Yigp> eXpte 0.85 #'.04 1.00 + .03 1.04 + .03 1.0 % .03

DCM 0.95 0.98 1405 1.05

An interesting question in nucleus-nucleus collisions is how ma-
ny nucleons participate in the interaction. The number of the inter-
acting nucleons from the projectile nucleus, V_, can be determined
experimentally by counting non-interacting (spectator) nucleons. In
our earlier papers it has been shown that for a given target nucleus
the multiplicity of produced pions is proportional. to ¥ :<n>= a<vp>.
This relation confirms the conjecture about independent interaction
in the target of nucleons from the projectile~[8]. A direct determi-
nation of the corresponding number, Vs for the target nucleus is
difficult, as low-energy fragments of the target nucleus are not de-
tected., One could, however, use‘thelasymmetry in.the emission of se-
condary particles in order to determine v, {77). The additive quark
model with coloured strings of Bialas et al. [ 78] provides a possible
theoretical basir for such an approach. According to this merl, par-
ticles emitted in the central region result frgm the break-up of co-
loured strings spanned between interacting quarks. Average velocity
of particles created by this mechanism is determined by numbers of
quarks (and thus also: nucleons) from the projectile, N_, and from
the target, N ¢ "wounded™ by the interaction. As it is natural to
assume that the distribution of particles resulting from the break-
up of coloured strings should be eymmetric, then the velocity of a

*) Multiplicity distributions of negatively charged pions were pub-
lished earlier on the basis of scanning alone.
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symmetry system can provide a measure of the ratio of the numbers of
interacting nucleons from target and projectile: Nt/N e Choosing the
simplest method of finding the symmetry from the requgrement of equa=~
;ity of the numbers gf particles (pions) emitted into the forward and
ackwa 1
rd hemispheres , one can find Nt/Np from the formulg

Nt/Np= CfBa = B¢ B + Bactie, = 2
where j3° is initial nucleon velocity in the NN centre-of-mass system
and /330 velocity of the "symmetry system" relative to the NN system,
For collisions of various light nuclei (d, 4He, 120) with tantalum
one obtaing the numbers displayed in Table 3 and Fig.9. The ratio
Nt/Np decreases with increasing A_ as A ~(0-73 .1 .09 o Taking the
values of N_ determined in our experiment (see Table 3), one can
determine It' The obtained values of Nt are given in the lowest

raw of Table 3. They show a very weak dependence on A_,
P

20

— T
F(dHeClsTan™ at 42GeVc per nucleon ]

N>
- M P a DO

n MDY P
1 2 5 16
A,

Pige Target-to-pro-
3ec¥IEe ratio of the
numbers of participant
nucleons for interacti~

ons of d, He and C with
: tantalum { 77].

Fig, 8. Average number of neutral -
pions as a function of negative
Pion multiplicity in dTa and CTa
interactions at p/A=4.2 GeV/c[76].

Table 3 3 4
- d-Ta He-Ta C-Ta .
Ny/H, 10.5 £ 1.9 5.0 * 0.6 2,5 ¢ 0.2
<E,>(n_>1) a.7)* 3.3 %04 Te4 £ 0.1
SE > 51 0 is9) 16.5 + 2.y 18.2 £ 1.1

3 extrapolated values

D)
Rapidity distributions for
ebout the median value, Pions show approximate symmetry
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In C-C interactions at 4,2 GeV/c per nucleon interference corre-
lations have been studied both for 7 & and pp paire [ 79]. Por 7 7~
pairs the formalism of Kopylov and Podgoretsky [ 80] has been used,
and for pp pairs - that of Koonin{ 81] and Lednicky end Lyuboshitz
{82]. The obtained distributions are shown in Figs. 10 a, b. They
yield the following values of the rms radii of the emission volume:
r(7r7) = (2.8 + 0.7)fm for an unblased sample and r(77) = (3.8 ¢t

“ % 0.,9)fm for "central® collisions. The corresponding values of r(pp)

are about 4,3 and 3.5 fm with an estimated error of about 0.4 fm.
Smaller velue of. r(pp) for "central" collisions (a tendency oppo-
site to that of r(&mT) ) could be qualitatively explained using the
thermodynamical model with two fireballs and taking the production of
delta-isobars into account. More details are given in refl.[791.

T T LT I e s e e
-4l o projectie and target fragments 1
ao- O-unbiased sample

®-central svents

O - unbiased sampie
@~ central events
L O contral evants.BP™ >700 Mev/c

ul 1S tm

M gx206m
i o ge2stm

] e L o e S N L L Lo O
D 35 30 45 60 75 S0 105 120 135 150 %65 180 WS [] 0 20 30 40 50 60 70 80 90 00«0
. MeV/c ] @, (mevse?

a | b

I Fig. 10. Interference correlations for
- Pp (a) and ;77 (b) pairs for CC inter-
actions at p/A = 4.2 GeV/c [791].

In connection with this topic I would like to make some comments
on the use of two-particle interferometry [83]. The first point con-
cerns the definition of the radius of the emission volume. In experi-
mental papers various formulae are used for the description of the
two-particle correlation function. In their derivation, various spa-
tial distributions of the sources have been assumed (the surface of a
sphere, several forms of Gaussian-type distributions), and thus the
published values of the parameter called the "radius" of the emission
volume cannot be always compared directly with results of other au-
thors. In order to allow such a comparison, we propose to use the

root-mean-square radius, as generally accepted for‘the description
of the density distribution inside the nucleon and also for the model

13



description of heavy-ion collisions at lower energies. This would
mean the necessity of correcting some of the published results on the
raedius of the pion emission volume. The conversion factor to the mms
radius is J37§' for the Gaussian-type distribution in the form
exp(er /R )}, Y3 for the distribution exp(-r /2R ) and 1.0 when
‘the sources are supposed to be uniformly distributed over the surface
of a sphere of radius R. The factor 43/2 (or Y3 ) should be also
applied to the values of the parameter r, -obtained from proton-pro-
ton interferometsy. Apart from the necessity of using a consistent
definition of the radius, it seems also esgsential to coﬁpare results
_on the dimensions of the emission volume obtained in the same refe-
renceframe, as results of two-particle interferometry are not invari-
~ ant under Lorentz transformation. ‘
The second remark concerns the interpretation of the radius of
the particle emission volume. The values obtained from both pion and

proton interferometry are relatively large as compared to the rms ra- ,

dii of colliding hadrons (or of the smaller of colliding nuclei) and
only weakly depend on the size of colliding objects. This is due to
the fact that this method yields the values of the radii correspon-
ding to the emission of particles after they become free of any inter-
actions (decey of resonances, scattering from other hadrons). This
would mean that the excited nuclear matter density estimates using
plon and proton interferometry results for the radii are only lower
limits and thus not really meaningful for the investigation of the
equation of state, .
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Nevertheless, having no promﬁt leptons or photons at our diaposal,
such attempts are being repeated using hadrons. For C-C central
collisions at 4.2 GeV/c per nucleon, and with additional selection
p1> 500 MeV/c, we have obtained r  °(pp) = (2.6 * 0.4)fm, which,
together with the total number of participating nucleons being about
17, gives an estimate of Q= (1.8 ¢ 0.5)9, for the density of
hot nuclear matter, This value, combined with the "“temperature"

T = (190 £ 10) MeV estimated from the slope of the secondary proton
gspectrum, gives & point on the nuclear matter phase diagram as shown
in Fig. 11 [ 84 ]J. Though the above value of T, obtained from the in-
variant energy spectrum, might be somewhat overestimated, it seems
that at moderate energies and for not véry heavy nuclei, we may al-
ready be not far from a transition to the quark-gluon plasmec...

And this is what one of the little people who supposedly live
in Scandinavian woods and rocks (they are called t ro 1 1len in
Swedish and p e i k o t in Pinnish) is thinking about our problems:

Let's try another way
to make QGP !
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B 06veguHeHHOM MHCTUTYTe AAEPHLIX uccnegoBaHuUi  Haudan
BuxoauTbL cBbopHuk ""Kpamxue coobyenus OHAHU". B nem
GyAyT nomewaTbCA CTaTbu, COAEPKAWME OPUIUHANbHHE HayuHwe,
HayuHO-TexHUYeCKne, MeTOAMYECKME M MPUKNAAHBE pe3ynbTaTu,
Tpebyoume cpouHoit ny6nukauum. Byayum vacTbr ‘''CoobueHuit
OMAW'', ctaTbn, Boweauue B cGOpHMK, MMEeIT, KaK u apyrue
napaHua OUAM, crtaTyc oduumanbHeix nyGnukaymii.

C6opHuk ''KpaTkue coobuenun OUAU'' 6ygeT Bukonurb
perynapHo. :

The Joint Institute for Nuclear Research begins publi-
shing a collection of papers entitled JINR Rapid Communi—
cations which is a section of the JINR Communications
and is intended for the accelerated publication of impor-
tant results on the following subjects:

Physics of elementary particles and atomic nuclei.
Theoretical physics.

Experimental techniques and methods.

Accelerators. '

Cryogenics. i

Computing mathematics and methods.

Solid state physics. Liquids.

Theory of condenced matter.

Applied researches.

Being a part of the JINR Communications, the articles
of new collection Tike all other publications of
the Joint Institute for Nuclear Research have the status
of official publications. '

JINR Rapid Communications will be issued regularly.
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