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COLD QUARK-GLUON PLASMA
Theoretical and Experimental Perspectives

J.Manjavidze*, A.N.Sissakian

The arguments that extremely high-multiplicity hadron interactions at high energies are the
source of cold, dense quark-gluon plasma (CQGP) created by the QCD heavy jets are offered.
The possibility of calorimetric triggering and measurements of CQGP is considered. The
space-time local thermodynamical formalism is adopted for field-theoretical description of
such measurements. The valid phenomena in the CQGP are discussed (qualitatively) from
theoretical and experimental points of view.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics,
JINR.
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TlpuBonaTcs apryMeHThl B NOAB3Y TOTO, YTO AZPOHHbIE B3AMMONEHCTBHA C DKCTPEMATBLHO
G0 WHMHE MHOXECTBEHHOCTSMH SARSIOTCH HCTOYHHKOM XOJIOZHOM, TUIOTHOR KBapK-IIIOOHHOM
masmsl (XKTTI), o6pasosannoit Taxensimun KXI cTpyamu. PaccMOTpeHa sKcnepHMEHTabHAS
BO3MOXHOCTb BbiAeneHHs H uaMeperns XKITI. AxanTHpoBaH JTOKaNbHEL B TPOCTPAHCTBE-Bpe-
MEHH TEOPETHKO-NO0NEeBOH (DOPMATHIM NMPH KOHEYHBIX TEMIEpaTypax WA OMHMCAHMS TaKHX
usMepeHnil. Bosmoxuuie sanenus 8 XKITI obcyxnanTcs (Ka4eCTBEHHO) KaK C TEOPETHYECKOI,
TaK M C 3KCMEPHUMEHTATBHON TOUEK 3PEHHS.

PaGota seinonxena B JlaBoparopuu TeopeTuueckoit ¢pusuxu um. H.H.Boronw6osa, OUSH.

1. Introduction

It is well known, e.g. [1], that:
— investigation of the transverse energy E, distribution,

— strange particle creation,

— creation of low and high mass vector mesons;

— creation of direct lepton pairs,

— creation of direct photons
are used as a signal of the quark-gluon plasma (QGP) creation in the high energy
interaction. The aim of the talk is to note that:

*Institute of Physics, Tbilisi, Republic of Georgia.
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— asymptotically high-multiplicity processes are the source of dense, practically pure,
cold quark-gluon plasma (CQGP). There is no wide discussion of this possibility in the
scientific literature. That is why we will start from the very beginning.

The theoretical limit n — e (say an_zz(s)) will be assumed sometimes since in this
limit, as will be seen, the picture of particle creation gets simplified.

This problem hides few questions. First of them:

— Why the process with n>>n(s), where the mean multiplicity n(s) introduces the
natural scale for n, is the source of CQGP.

Discussing the plasma we assume that it is (i) at least the locally-equilibrium state of
(ii) unbounded charges. The first one means that the collective parameters (temperature,
density, etc.) are enough to describe the state and the second one is the ordinary condition
on the searched state.

This conclusion is not evident since there is also nonperturbative (soft) channel of
hadron creation [2], dominated at n~n(s). Last one describes creation of hadron
constituents from vacuum: the kinetic motion of partons leads to increasing, because of
confinement phenomena, polarization of the vacuum and to its instability concerning real
quark creation [2].

We would like to argue that at the very high multiplicities and energies this effect is
negligible, i.e., the polarization of vacuum is small, and cannot shadow both the «direct»
particle-creation processes and the collective phenomena in the final-state QGP*. It must be
underlined that this is the dynamical, nonkinematical, effect: there is at high energies a wide
range of multiplicities, n(s)<n< Noax ™~ Vs /m, where n(s) >> n(s) is the threshold

multiplicity, where the vacuum polarization effects are negligible.

We would show the arguments in favour of the perturbative QCD jet mechanism of
hadron creation at high multiplicities. It is remarkable also that the number of jets should
be minimal (with exponential accuracy at n — ) [3]. For example, we valid that practically
total incident energy is used for «direct» particle production if n>> n(s). So, the high-
multiplicity processes will allow one to investigate the structure of fundamental Lagrangian
since we want to realize the decay of very heavy at high energies initial coloured particle
in the «inflational» regime when the vacuum polarization effects are «frozen».

The condition (i) is not so evident. But, considering particles creation as the incident
kinetic energies dissipation process, if the multiplicity is the measure of final states entropy,
one can assume that the final state is equilibrium at high-multiplicity processes. We would
show the quantitative conditions when this is hold.

We hope that;

— Observation of such (rear) processes will allow to investigate:

(1) creation of heavy particles (quarks, Higgs bosons, superpartners, etc., as the sources
of heavy jets),

(ii) the heavy gluon jets with high E, creation,

(iii) kinetics of the CQGP formation (noting that the final, preconfinement, state should
be near the equilibrium if n >> n(s)),

*The system of (colour) charges in the polarized vacuum, i.e., when the long-range forces are essential, cannot
be considered as the plasma by its ordinary definition.
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(iv) collective phenomena (in the dense cold pure QGP near the equilibrium).

The second question:

— How this processes can be triggered.

We must note that this question is not simple. At n >> n(s) the cross sections o, (s) fall

down rapidly and are too small (< nb). There is also a problem to adjust the trigger on
particle multiplicity.

The high multiplicity experiments imply that at LHC energies there is a possibility to
have ten thousand particles in the final state. So, it is natural to think that the strict value
of multiplicity n is not important if n is the asymptotically large number. To do first step
toward CQGP it is enough to be sure that the transition of «hot» initial state into «cold»
final one is examined. For this purpose the ordinary calorimeters can be used for triggering
[4]. It is the main physical idea considered below.

We hope that the preparation of such experiment is not a hopeless task and it may be
sufficiently informative. This formulation of experiment we will put in the basis of the
theory.

Third question:

— How these processes can be described theoretically.

In the considered processes we examine (practically total) dissipation of initial-state
kinetic energy into particles masses. The theory of dissipative processes has general
significance and we concentrated our attention on this important problem.

It must be noted also that the experimental investigation of high-multiplicity processes
in a deep asymptotics seems unreal. But considering moderate n > 7 we cannot be sure that
the final-state QGP is equilibrium. This leads to necessity to have the theory of dissipation
processes with nonequilibrium final state.

It will be offered the economic local-temperatures field-theoretical description based on
Wigner function formalism as the mostly close to available experimental layout approach
(see also [5]). Our approach can be considered as the natural generalization of ordinary
inclusive description since the number of particles, their energies and momentum would not
be fixed explicitly (restricting ourselves by calorimetric measurements).

We would discuss particle-creation processes at high energies considering muitiplicity
n as the characteristics of final state entropy. Under the condition n >> 1 the initial state is
very far from equilibrium and we would show that the theory of such processes is simple
enough (stationary Markovian) to give definite theoretical predictions. But this leads to the
last question:

— How 1o define a range of multiplicities, i.e., the value of n ,where the nonper-

turbative effects do not play crucial role in the process of particle creation.

We are not ready to give the answer to this important for experimentators question
now, but we are sure that at sufficiently high energies and sufficiently high multiplicities
the hadron interaction processes become hard.

The discussed problem is located at the cross of a number of today unclear problems.
They are the highly nonequilibrium (quantum) thermodynamics, from one hand, and the
quantization with conservation laws constraints, from another one. The offered in
Conclusion qualitative predictions reflect our today understanding only and should be
considered as the illustration to the offered problem.
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2. Phenomenology

3
To build the phenomenology let us introduce the classification of asymptotics over n.
It is useful to consider the «big partition function»

Tz, 5)= Y, 2"0,(s), T(1,5)=0,(s). @.1)
n
If we know T(z, 5), then 0,(s) is defined by inverse Mellin transformation. This gives
(usual in thermodynamics) equation of state:

d
n=z 3 In T(z, 5). (2.2)

Solving this equation we can estimate the asymptotics of o,
—nIn z{(n, 5)
c (s)~e , (2.3)

where 1 <z(n, 5) << 2o is the smallest solution of Eq.(2.2) if the asymptotics over n is

considered.
It should be underlined that z(n, 5) must be an increasing function of n since o, (s) are

positive. Then, it follows from (2.3) that at n — e the solution of (2.2) must tend to
singularity located at z = z, of T(z, s), where 0T(z, 5) / dz becomes infinite and the character
of singularity is not important. So, we must consider three possibilities:

a) Z=z,= 1, b g, =g =9, ¢) =2, | <z, <o
Following Lee and Yang [6] there is no singularities at 0 < z < 1. Let us consider now the

physical content of this classification.
a) z = 1. It is evident, see (2.1), that in this case at n — o

o>o, > 0e™), (2.4)

Le., it should decrease but slower than any power of ¢™. It is known that the singularity
z =1 reflects the first-order phase transition [6].

The described mechanism of particle creation assumes that we had prepared a system
in the unstable phase and going to another state the system creates particles (this reminds
«fate of false vacuum» described in [7]). In hadron physics the initial state may be the QGP
and final state should be the hadrons system.

But to have this transition the system should exist. Therefore,

G, < 0™ (2.5)

since the created hadrons number should be proportional to the number of coloured
particles*.

*The heat capacity of QCD and of hadron system may be different. This can be used for identification of the
first order phase transition.
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b) z_ =ee. For this case we can put

In T(z, 5) = n(s) + A(s)z — 1) + O(2 — 1)) (2.6)

at |z—1| << 1. By definition n(s)=Ing

wol®)- The experimental distribution of In T(z, s)

for various energies shows that the contributions of O((z — 1)2) terms increase with energy
[8]. The hadron standard model (SM) assumes that

In«(z, 5) = ny(s) + ﬁo(s)(z -1

is the Born term in the perturbation series (2.6). There are various interpretations of this
series, e.g., the multiperipheral model, the Regge pole model, the heavy color strings mo-
del, the QCD multiperipheral models, etc. In all these models ny=a, +a,lns, 0<a,<<1
and 710(s) = b1 + b2 In s, b2 > 0. The second ingredient of hadron SM is the assumption that
mean value of created particles transfers momentum k, =const, i.e., is the energy- and

multiplicity independent. It can be shown [8] that under this assumptions T(z, 5) is regular
at finite values of z [8].
We find for this case that z(n, s) is the unboundedly increasing function of n. Therefore,

6 <O0E™) (2.7)

for this case.
The SM has a finite range of validity: it is impossible to conserve the condition

k, = const. if the multiplicities beyond n ~ n? [9]. One can assume that

n -~ n2. (2.8)
¢) 1< Z, <o Let us assume now that
—Y
T(z,s)~(l—%j . >0, 29
5

Then, using normalization condition, dln T(z,s)/azl 1=ﬁj(s) we can find that

z:
zc(s)= 1 +Y/ﬁi(s). The singular structure (2.9) is impossible in SM because of condition
k”=const. But if |z -1 ] << 1, we have estimation (2.6). The difference between SM pre-
diction for T(z, s) and (2.9) is seen only at 1 - (z— l)/(zc— 1) << 1, i.e., or in asymptotics

over n, Or in asymptotics over energy.
In considered case 7=z + O(Ej/n) and at high energies (h‘j(s) << 1)

o, ~e /=06, (2.10)

The singular structure (2.9) is familiar for multiplicity distributions in jets. In our
terms, if one-jet partition function has the singularity at zgl)(s) =1l+y ﬁj(s), then the two
heavy jets partition function must be singular at

Ay=14+—L <,
z(s) m/ >2z.(8),
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because of energy conservation law, and so on. Therefore, at high energies and n > ﬁj(s) the
Jets number must be minimal with exponential accuracy.

It is evident that the incident energy should be high enough to see this phenomena
since the estimation (2.10) predicts the KNO structure.

Comparing (2.7) and (2.10) we can conclude that:

— At sufficiently high energies the jet mechanism must dominate in asymptotics over n
and the number of jets should be minimal; the particle-creation process has a tendency to
be stationary Markovian.

It is the general, practically model-independent, prediction.

So, at high energies there is a wide range of multiplicities where the SM mechanism of
hadron creation is negligible. At transition region between «soft» and «hard» channels of
hadron creation one can expect the «semihard» processes of mini-jets creation*.

3. Introduction into Formalism

Let us assume that the energies of created particles € <€, where g, is fixed by
experiment. For this purpose one can use the calorimeter. Then, using energy conservation

law at given €, the number of created particles is bounded from below: n > \/s_/so =N 0

With this constraint the integral cross section

o, (5) X, o,

0 n=n

min
is measured. Choosing n_o>> n, ie., €, << \/s_/ﬁ(s), we get into high multiplicity region.
There is also a possibility to restore the «differential» cross section ~ o, calculating the
difference o, ('s)——()'E +8€(s) [4]. Tt is evident that this method defines n with some

0 0 0
accuracy * An.

It is not necessary to measure energy of each particle to have n o >>n. Indeed, let 51.
is the energy of i-th group of particles, E +E + .+ €k=\/s_ and let n, is the number of
particles in the group, 1, + 1, + ... + 1, = n. Then, if € <€y i=12,..., k, we have inequality:

k2n_. . Therefore, we get into high multiplicities domain since n > k if €, << Vs /7(s).

Let us describe now this organization of the experiment. For this purpose we would use
the Wigner function formalism in the Carrusers-Zachariasen formulation [10]. For the sake
of generality the m into n particles transition probabilities will be considered. This will
allow one to include into consideration the heavy ions collisions. If

a,.(kq)=(k;mlgn)

*The parton lifetime with virtuality |q| is~1/ {q’ and the time needed for hadron of mass m formation is
~ 1 /m. Therefore the parton has a time to decay before hadron formation if ,q] >>m. But this situation is rare
because of its kinetic motion.
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is the corresponding amplitude, then the m particles interaction cross section with total
4-momentum

m n
P=Y k=3 g 3.1
i=1 i=1
I8
0®= [ (kmlgin)(ginliim), (3.2)
The integration over all k, and g, is performed with constraint (3.1).

Considering de(k)lamnl as the density of states in the Lorentz-invariant phase-space
element de(k) of initial state and dQn(q) lamnl of final one, the quantity G,..(P) is the

density matrix in the energy-momentum representation. We can introduce also the
temperature representation considering the temperature as Lagrange multiplier. This is the
well-known microcanonical approach in thermodynamics. In the particle physics this idea
was explored widely also, see, e.g., [11]. In our case we would introduce two temperatures,
for initial state 1/ Bi and for final state 1/ Bf separately since the dissipation processes

(transition of kinetic energy into particles masses) are described, Bf>> B

The density matrix in «temperature» representation has the form [12]:

p(B, 1y =P-2 R (9), (3.3)
where the operator l/\\/= IQ’ + 1/\\/’.‘ and
43k
B. 7 0) = dr —"— e Pt R); & D) (3.4)
1(f) J 32 £(k)

J dxcikx&\)im(r + z/2)$f(’.)(r -x/2)

with $E 5/80 and gk) = N &2 + m?. Calculating (3.3), the local activities Zi(f)(k’ r), In
analogy with activity z of Sec.2, were introduced. Choosing zj(k, r)~ @(80 —g(k)), we
introduce noin into formalism.

It is not hard to see that variation of p(f, z) over Zih defines the various cross sections

[10]. They define the particles distribution in the phage space (k, r) (we distinguish the
initial and final states distributions). The operators Ni(/)(B’ z;$) act on the generating

functional

R(® =] Do, D (@) =@ VO, +,) +IV@,=0) 3.5)

If we put Zip = 1, Bi(f) = and calculate R,(0) perturbatively expanding it over V then such

defined p(B, z=1) coincides [13] with generating functional of Schwinger-Keldysh’s real-
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time finite-temperature field theory [14]. Therefore, the condition Bi(f)=B establishes the

isomorphism between our «S-matrix» approach and imaginary-time Matsubara theory (of
the equilibrium media) [15]. This isomorphism was used in the previous Section.

Let us return now to Eq.(3.3). To find the physical meaning of Bi(f) we must show the

way as they can be measured. If there is nonequilibrium flow, it is hard to invent a
thermometer which measures the temperatures of this dissipative processes, i.e., the local in
space-time ones. But there is another way — to define the temperatures through equations
of state, i.e., as the mean energy of particles. This way is possible in the accelerator
experiments where the total energy E is fixed. So, we will define Bi(/) through equations:

d
E= B In p(B, 2). (3.6)

But one cannot find T(E, z) correctly if the assumption that B,.(f) are «good» quantities is not

added, i.e., that the fluctuations near mean values of energy are small (Gaussian).
This assumption is the main problem toward nonequilibrium thermodynamics. The
problem in our terms is following: the expansion near Bl.(f)(E) gives asymptotic series with

coefficients proportional to the familiar in particle physics inclusive energy spectra:
[ Cetk ), ethp....),

where () means averaging over interacting fields and integration over ki is assumed. The

careful analysis shows that the fluctuations are small if [15]:
[ etk etk -1 [ Cetky)y ~o.

This factorization property is the well-known Bogoliubov’s condition for nonequilibrium
thermodynamical systems «shortened» description (in terms of one-particle inclusive cross
sections (~ ( e(kl) )) only). If Bi(f)(E) is not the «good« parameter, all correlations between

created particles are sufficient (one can find discussion of this question in [6]).
[t must be noted that this 1 unique solution of the problem since the considered expan-
sion near Bi(f)(E) unavoidably leads to asymptotic series with zero radii of convergence.

It is hard to expect that Bi(/)(E) is the good parameter considering the nonequilibrium

problem. Nevertheless, there is a possibility to have the factorization averaging over
registered ranges of phase space, i.e., in the so-called kinetic phase of the process when the
«fast» fluctuations have disappeared and we can consider the long-range tluctuations only.

Then in this domain, with coordinates r and size L, Bi(f)(E’ r) are the good parameters.

This is the well-known in nonequilibrium thermodynamics «local equilibrium» hypothesis.
We should underline that in our consideration r is the coordinate of measurement, i.e., the
4-coordinate where the external particle is measured, and we do not need to divide the
interaction region on domains (cells), i.e., will consider r as the calorimeter cells
coordinates.

This means that L must be smaller than the typical range of fluctuations. But, on the
other hand, L cannot be arbitrary small (since this leads to assumption of local factorization
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property of correlators and, hence, to absence of interactions). This is the natural in
quantum theories restriction.

The needed generalization of Wigner function formalism was given in [12]. In this case
we must change in (3.4)  — B(r) assuming that Bi(f)(r) and zi(f)(r) are constants on interval

L. This prescription adopts Wigner function formalism for the case of high multiplicities.
This formalism describes the fluctuations larger than L and averages the fluctuations
smaller than L assuming absence, in average, of «non-gaussian» fluctuations. It is the
typically «calorimetric» measurement. We will assume that the dimension of calorimeter
cells L < Lcr, where Lcr is the dimension of characteristic fluctuations at given n.

In deep asymptotic over n we must have L, — e. The value of particle energies in a

cell r is 1/B(E, r) with exponential accuracy. Last one shows that the offered above
experiment with calorimeter as the measuring device for particle energies is sufficiently
informative in the very high multiplicities domain.

4. Theoretical Perspectives

Now we would consider the theoretical problem of path integrals (3.5) calculation.
Using the equality (unitarity condition):

2 f(k;mlq;n)(q;nlk;m)=lm(vac|vac), 4.1
m.n
where ( vac l vac ) is the vacuum-into-vacuum transition amplitude, one can find [17]:
p(B, 2) = e K- [ pps()eU(® N B2 @) 4.2)

where, using Eq.(4.8), N=N’.+N; and

d>k
2132e(k)
with r considered as the index of calorimeters cell.
Deriving le(B, z; @), there was used the condition that r is the coordinate of size L
cell. With this condition

N B 2 @) = [ dr P Wz k1) [Tk, )] (4.3)

Mk, ) = | dee™ (@ + mho. (4.4)
It measures the external fields strength on the remote hypersurface.

The generating functional R(B, z) is trivial if ( |F(k, <1>)|2 )=0. In this case there is no
creation of particles, i.e., there is no measurable asymptotic states (fields). The quantitative
condition for this «S-matrix» interpretation of confinement is evident: the interacting field
®(x) should be equal to zero on the remote hypersurface. In this condition integrating (4.4)

by parts we find ( |T(k, ®)|?)=0.
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The expansion over operator

KG, ey =2Re [ ax 2 4.5)
dj(x) de(x)
generates perturbation series and
U(®, €)= V(® +¢) ~ V(D — €) — 2Re | dxev'(®) (4.6)
weights quantum fluctuations. The most important term in (4.2) is the measure
DM(®) - T1 dCD(x)S(Bi(D +m2® +v'(®) - ), 4.7)
X
where V(®) = 6V(P) /dP(x). So, the equation
aﬁd) +mPd + V(D) = (4.8)

defines the complete set of contributions [18].

But Eq.(4.8) gives much more possibilities. Note that Lh.s. of this equation is the sum
of classically known forces and the r.h.s. is the quantum force j. Eq.(4.8) establishes the
local equality between these forces. This solves the old-standing problem of quantization
with constraints.

5. Conclusion

At the end a few words about future steps toward CQGP problem may be useful.

— Experimental efforts

On the today level of understanding we can note that:

A) At high energies and multiplicities the particle-creation processes would have a
tendency to be hard.

By this reason we can predict that:

a) The mean transverse momentum kII should rise with growing multiplicities;
b) The strange particles mean multiplicity ﬁm should rise with total multiplicity »;

c) Must be seen the jet structures;
d) The multiplicity of direct lepton pairs and photons should rise with n.

B) At high energies and multiplicities the number of jets would have a tendency to be
minimal.

This means that the incident energy would be used effectively for direct particle
creation. By this reason:
a) The threshold structures, connected with high-mass fundamental particles, can be seen in
the (integral) topological cross sections (Gﬁ(,) G, and (or) in the ktr distributions.

C) At high multiplicities the CQGP becomes equilibrium.

This can be used for investigation of the thermalization dynamics:
a) The energy spectrum of created particles would have a tendency to be gaussian;
b) The averaged over events energy spectrum and the event-by-event energy distribution in
the calorimeter cells would have a tendency to become equal (the ergodic theorem). The
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divergency from this law may be considered as an indication that not all degrees of freedom
were excited in the interaction;

¢) The fractal dimensions would change its value in the transition region n ~ ng
d) The fractal dimensions would be zero for events with n >> n.

To realize this programme in the calorimetric experiment the following problems are
seen:
(i) The «dead time» of calorimeter should be sufficiently small to use it for «fast»
triggering of high-multiplicity events;
(ii) The soft-particle energy measurement accuracy must be sufficiently high;
(iii) The energy loss of small-angle particles should be small (to fix the conservation of
total energy).

— Theoretical efforts

We are planning:
a) to extend the perturbative QCD on the high-multiplicity events;
b) to accomodate the used pure phenomenological computer programs for our events
generation;
¢) to investigate the effectiveness of calorimetric triggering and measurements of the very
high multiplicity events.

We hope that this efforts will allow one to formulate the frame of experimental
programme.

Beside this we will continue pure theoretical investigation for construction of

microscopical theory of hadron interactions based on the formulae (4.2). The work in this
direction is in progress now.

Acknowledgement

We would like to thank V.Kadyshevsky for stimulating interest and H.Torosyan for
interesting discussions.

References

1. Satz H. — Z. Phys., 1994, v.C62, p.683.

. Casher A., Neuberger H., Nassinov S. — Phys. Rev., 1979, v.D20, p.179;
Gurvich E. — Phys. Lett., 1979, v.B87, p.386.

. Manjavidze J., Sissakian A. — JINR Rapid Comm., 1988, 5/31, p.5.

. Manjavidze J., Sissakian A. — JINR Rapid Comm., 1988, 2/288, p.13.

. Manjavidze J., accepted to El. Part. and At. Nucl., 1998.

. Lee T.D., Yang C.N. — Phys. Rev., 1952, v.87, p.404, 410.

. Coleman S. — Phys. Rev., 1977, v.D15, p.2929.

. Manjavidze J. — El. Part. and At. Nucl., 1985, v.16, p.101.

. Gribov L.V,, Levin EM., Ryskin M.G. — Phys. Rep., 1983, v.C100, p.1.

10. Carrusers P., Zachariasen F. — Phys. Rev., 1986, v.D37, p.950.

(3]

Nolle -BEN Ble BV I



62

11.

12.
13.
14.
15.
16.
17.
18.

Manjavidze J., Sissakian A.N. Cold Quark-Gluon Plasma

Byckling E., Kajantie K. — Particles Kinematics, John Wiley and Sons, London,
1973.

Manjavidze J., hep-ph/9510251, 1995.

Manjavidze J., hep-ph/9506424, 1995.

N.P.Landsman N.P., van Weert Ch.G. — Phys. Rep., 1987, v.145, p.141.
Manjavidze J., hep-ph/9510360, 1995.

Dremin .M. — Usp. Fiz. Nauk, 1990, v.160, p.105.

Manjavidze J. — Preprint IP GAS-HE-6/96, Thilisi, 1996.

Manjavidze J. — Sov. Nucl. Phys., 1987, v.45, p.442.

Received on March 12, 1998,





