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A scientific session of the Division of General Physics
and Astronomy and of the Division of Nuclear Physics
of the Academy of Sciences of the USSR was held at the
Lebedev Physics Institute, Moscow, on February 23-
24, 1983. The session heard these reports.

February 23

1. E. L. Andronikashvili. Microscopic model of
metal-ion-induced carcinogenesis.

2. A. D. Linde. Phase transitions in the theory of
elementary particles and an inflationary universe.

February 24

3. G. V. Domogatshii. Outlook for future research on
deep-underwater detection of muons and neutrinos at
Lake Baikal.

4. A. A. Tyapkin. Diffractive production of resonanc-
es and observation of two radially excited states of the
pion.

Two of these reports are summarized below.

A. D. Linde. Phase transitions in the theory of ele-
mentary particles and an inflationary universe. Corn-
temporary unified theories of elementary particles are
based on the principle of a spontaneous symmetry
breaking which leads to a separation of interactions in-
to weak, strong, and electromagnetic. The symmetry
breaking results from the spontaneous appearance of
constant classical scalar (Higgs) fields throughout
space. In the simplest theories of this type, called
"grand unified theories," scalar fields of two types
arise: $~1015 GeV and tp~\Q2 GeV. The field * re-
sults in the separation of the strong interactions from
the electroweak interactions, while the field tp separ-
ates the weak and electromagnetic interactions.1

Study of large systems of particles interacting in ac-
cordance with the unified theories has shown that as the
temperature (T) of the medium is increased the scalar
fields <f> and $ disappear (at temperatures Tcl~102 GeV
and TC2~1014 GeV, respectively), and the symmetry
among all types of interactions is restored.2

An important consequence is the restoration of sym-
metry among the strong, weak, and electromagnetic
interactions in the early universe, when the tempera-
ture of matter exceeded 1014 GeV. During the expansion
of the universe the temperature fell, and there was a
series of phase transitions accompanied by a breaking
of symmetry because of the appearance of the fields *
and (f>. Although these phase transitions occurred only
very early in the evolution of the universe (at tC2 ~ 10"35

s and tcl~lO~10 s, respectively, where t is the expan-

sion time of the universe), they can have several im-
portant consequences for the present state of the uni-
verse. In certain grand unified theories the correspond-
ing consequences are contradicted by existing cosmo-
logical data. This contradiction imposes some severe
restrictions on the types of theories.
For example, in theories with relatively light Higgs

bosons3 and also in the simplest supersymmetric
Grand Unification theories4 the phase transition is
stretched out too much and could not occur over the
lifetime of the universe, t~l010 yr. In theories with a
spontaneously broken discrete symmetry (with a spon-
taneously broken CP invariance, for example) the phase
transition should have been followed by the formation of
heavy domain walls, which would severely disrupt the
isotropy of the universe.5 The most unacceptable ef-
fects have been found in a study of the production of
magnetic monopoles with masses wM~1016 GeV should
have been produced in large numbers during the phase
transitions in essentially all the Grand Unification theo-
ries, and an unacceptably large number of monopoles
would have to remain today.6 The problem of relict
monopoles has raised serious doubt regarding the com-
patibility of present cosmological ideas and the present
theory of elementary particles.

The only known way to resolve this problem of relict
monopoles is to appeal to the so-called new scenario
of an inflationary universe7 (a first version of this
scenario was proposed in Ref. 8, but it proved to be
contradicted by cosmological data). This scenario can
be summarized as follows: In certain types of Grand
Unification theories a phase transition accompanied by
the appearance of a field $~1015 GeV occurs during the
expansion of the universe because of a greatly super-
cooled symmetric phase with $=0 . The energy density
of matter (elementary particles) in this supercooled
phase falls off rapidly during the expansion of the uni-
verse, and the total energy density of matter reduces
to the energy density of an unstable vacuum state with
4> = 0. The result is an exponentially rapid expansion of
the universe in an unstable state with * = 0. The expan-
sion remains exponential in the early stages of the
symmetry-breaking process, before the field * has be-
come large. If the time over which the field $ increas-
es from zero to its equilibrium value <S> ~1015 GeV is
long enough, the universe will be able to undergo a
tremendous expansion during this time. As a result,
the monopoles produced during the phase transition
would be separated by huge distances, so that their
density would become negligibly small.7

It turns out that in principle this scenario can solve
not only the relict-monopole problem but also several
other cosmological problems, such as the problems of
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the horizon, flatness, homogeneity, and isotropy of the
universe7 and the problem of the origin of the density
inhomogeneities required for the formation of galaxies.9

This new scenario of an inflationary universe can be
realized completely, however, only in theories which
satisfy certain conditions on (for the most part) the
nature of the potential energy Vt*) of the scalar field
$ (Refs. 7 and 9). The derivation of realistic theories
of this type is an important and interesting problem in
the modern theory of elementary particles.
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A. A. Tyapkin. Diffractive production of resonances
and observation of two radially excited states of the
pion. The diffractive dissociation of hadrons by nuclei
into more complex systems presents some unique op-
portunities for detecting and studying the resonance
levels of excitation characteristic of the incident had-
rons. The opportunities stem from the reliability with
which such reactions can be identified as binary and
from the lack of ambiguity in the corresponding analy-
sis.

A study of the diffractive dissociation of negative
pions into three-pion systems by nuclei at 40 GeV/c
has been carried out with the help of the five-meter
magnetic spark spectrometer at the Serpukhov acceler-
ator in an experiment carried out jointly by the Joint
Institute for Nuclear Research, Dubna, and the Instituto
Nazionale di Fisica Nucleare, Milan and Bologna.1 The
reaction was studied by taking more than 700 000 stereo
photographs of events with various targets with the
spectrometer controlled by a special trigger system
which effectively selected coherent inelastic interac-
tions. This large amount of film information required
a completely automatic analysis, which was carried
out on NRD automated scanning systems at Bologna and
Dubna with the help of large computers at Dubna, Milan,
and Geneva.

This automatic analysis of the experimental data
yielded 110000 events in which three pions were pro-
duced which satisfied all the geometric and kinematic
criteria. For each such event we determined the mo-
mentum transfer to the nucleus, the angles at which
the mesons were emitted from the target, the momen-
ta of the mesons, and the effective rest mass of the en-
tire three-pion system. These data incorporated all
the information required to analyze the characteristics
of possible resonances produced during the dissociation
of the pions. We selected for further analysis the
events with a small momentum transfer in the region of
the diffraction cone up to the first minimum. This
choice reliably selected "pure" coherent events not in-
volving the excitation of the target nucleus.

To detect possible resonance states for the entire
three-pion system we used a partial-wave analysis of
three-particle events; the contributions of different

wave states in terms of spin and parity were taken into
account separately. This analysis not only reveals the
resonance behavior of the contribution of a certain wave
but also makes it possible to prove the resonance na-
ture of the observed peak on the basis of the change of
the phase of this wave in the corresponding mass re-
gion. This circumstance is of decisive importance in a
search for faint, broad resonances, since peaks of this
sort may also arise from kinematic effects.

We turn now to the results of the analysis. First,
rather intense peaks corresponding to the known reso-
nances .Aj and A3 with quantum numbers of 1* and 2"
were found. The results which are new on these peaks
are the discovery of a significant change in the phases
of the corresponding 1* and 2" waves, conclusively prov-
ing the resonance nature of these peaks.

The most important results of the analysis dealt with
the contribution of the 0" wave, which has the same
angular-momentum and parity quantum numbers as the
incident pion. In the dependence of the contribution of
this wave on the effective rest mass of the entire sys-
tem we found some characteristic peaks near 1200 and
1800 MeV. The significant changes in the phase of the
0" wave (about 80°) found in the same mass regions are
convincing evidence of the resonance nature of these
peaks.

The considerable width of the new resonances (300
and 200 MeV), their low intensity, and the overlap of
the first of them with the more intense At resonance
has prevented the detection of these excited states in
previous experiments. The large statistical base of
events and the high measurement accuracy have made
it possible to establish in this experiment the existence
of some new excited states of the pion with average
masses of 1240*10 and 1770±40 MeV.2'3

The fact that the masses of these new resonances are
well above the mass of the incident pion and the fact
that their total-angular-momentum and parity quantum
numbers are the same signify the observation of the
excitation of a radial degree of freedom in a quark-
antiquark system. These resonances are thus of a spe-
cial type which do not conform to the ordinary classi-
fication of hadrons on the basis of the theory of unitary
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