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E. V. Shuryak. The quark-gluon plasma. This paper
deals with a state of matter in which the density and/or
temperature are so high that ordinary particles— nude -
ons,pions, etc.—dissociate into their components —
quarks and gluons. By virtue of the strong similarity
to the ordinary electrodynamic plasma, this phase of
matter has come to be known as the quark-gluon plas-
ma; see the review in Ref. 1.

Theoretical and experimental study of this state is
important not only for specific applications (collisions
of high-energy particles, multiquark systems, neutron
stars,cosmology), but chiefly for better understanding
of the main object of the theory: the QCD physical vac-
uum, which is an extremely complex medium consisting
of nonperturbative field fluctuations.

The so-called instantons—nontrivial topologic solu-
tions of the field equations2—are an important example
of these fluctuations. Valuable information on the prop-
erties of the physical vacuum can be obtained within the
framework of the QCD sum-rule method3, which relates
them to observable hadron properties. Comparison of
these approaches led Shuryak4 to a "grainy-vacuum"
picture that includes, in addition to soft fluctuations
with dimensions of the order of 1 Fm, harder fluctua-
tions of instanton nature with a radius of about 1/3 Fm.
Although they occupy only about 1/20 of space-time,
they dominate in the known vacuum averages.

This picture of the vacuum has made it possible to
explain a number of facts pertaining to hadron struc-
ture, including the existence of a hadron substructure
in the form of so-called "component" quarks, also with
sizes of the order of magnitude of 1/3 Fm.

There are at least two phase transitions in super-
dense matter: "freeing of color"5 and restoration of
chiral symmetry, i.e., vanishing of the quark conden-
sate. It was shown in Ref. 4 that the latter is accom-

panied by a finite jump in the amount of condensate at
the transition point.

Analysis of the macroscopic systems enables us to
make certain statements regarding multiquark reso-
nances. Data on neutron stars practically preclude1

their existence if they consist only of u-, and d-quarks.
Admixture of heavier s,c.. .-quarks changes the situa-
tion, and states with arbitrarily large numbers of
quarks are possible in principle. Data on qV-mesons
and q6-dibaryons are in qualitative agreement with this
statement.

The central problem of the theory of collisions of
high-energy particles is that of the validity of the
macroscopic approach for description of the resulting
excited system. To diagnose the initial, hotter stages
of a collision, it is necessary to use "penetrating" ra-
diation in the form of y,e*e",etc.,6 or radiation from the
surface. Studies7 of spectra in the range /»x = 1-4 GeV/c
enable us to answer the above question in the affirma-
tive: up to proton energies of the order of magnitude of
1 TeV (in the laboratory system), mixing is quite rapid
and an approximately (locally) equilibrium plasma
forms. Collisions of heavy nuclei with energies of the
order of magnitude of 10-100 GeV per nucleon would be
a more appropriate object for these studies.
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Excursion scientific session of the Division of General
Physics and Astronomy, Academy of Sciences of the USSR
(Sverdlovsk, 21-22 April 1982)

Usp. Fiz. Nauk 138, 328-339 (October 1982|

PACS numbers: 01.10.Fv

An excursion scientific session of the Division of Gen-
eral Physics and Astronomy of the USSR Academy of
Sciences in observance of the 50th anniversary of the
Order of the Red Banner of Labor Institute of Metal
Physics of the Ural Scientific Center of the USSR Acad-
emy of Sciences was held on 21-23 April 1982. The
following papers were presented:

April 21

1. Keynote address by Academician S. V. Vonsovskii,
Chairman of the Presidium of the Ural Sientific Center.

2. E. A. Titrov, Violated symmetry and elementary
excitations in solids.

3. A. A. Samokhualov, Active electron-magnon inter-
action in magnetic semiconductors.

w

4. /. M. Tsidil'kovskii, Gapless semiconductors: A
new class of substances.

5. Ya. S. Shur, Magnetization reversal of magneti-
cally uniaxial highly anisotropic ferromagnetics.

6. Y'.i. A. Izyumov, Symmetry of magnetically or-
dered crystals and the scattering of slow neutrons.

7. S. K. Sidorou, Neutron-diffraction study of alloys
of transition metals with mixed exchange interaction.

8. B. X. Goshchitskii, Nonequilibrium state of defec-
tive ordered crystals.

9. S. .VI. Klotsman, Structure, properties, and inter-
actions of point defects and their influence on radiation-
stimulated phenomena in metals.

April 22

10. V. D. Sadovskii, Structural heredity in steel.

11. V. V. Sagaradze, Strengthening austenitic non-
magnetic steels by phase surface hardening.

12. V. I. Sy.itkina, New hardening mechanisms of or-
dered alloys.

13. V. A. Trapeznikov, Investigation of the surface
layers of solids by electron spectroscopy.

14. V. E. Shcherbinin, Magnetic, magnetoelastic,
and magnetoacoustic nondestructive quality-control
methods.

15. A/. A'. Mikheev, Scientific activity of the Institute
of Metal Physics, Ural Scientific Center, USSR Acad-
emy of Sciences.

We publish below brief contents of the papers.

E. A. Turov. Violated symmetry and elementary ex-
citations in solids. The notion of spontaneously vio-
lated symmetry (SVS) is one of the most important con-
cepts of the theory of elementary particles (TEP) on its
path toward a unified field theory that encompases var-
ious natural forces. Although the SVS concept came
into this theory from solid-state physics, the ideas as-
sociated with it have now been developed to such a de-
gree that it is helpful in some cases to reapply them to
analysis of solid-state physics phenomena.1"4

There is a well-known analogy between the Higgs
mechanism of formation of mass in the TEP and the

Meissner effect in Ginzburg-Landau superconductivity
theory.5 Both effects are consequences of SVS in a sys-
tem consisting of two interacting subsystems. Situa-
tions that are similar in this sense are very frequently
encountered in solid-state physics. The existence of
acoustic and optical vibration modes in a lattice with a
basis or in a multisublattice magnetic can be consid-
ered from these premises, as can the bound-vibration
spectra of electron and nuclear spins in magnetically
ordered crystals. The paper, however, focuses on the
spectrum of the bound magnetoelastic (ME) vibrations
in such crystals. A result of SVS on magnetic ordering
with consideration of the spontaneous ME deformations
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