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to an asymptotic-freedom effect (for details see c i ' 2 ] ).

The recent discovery of new 0 particles [0(2750),
0(3410), and 0(3510)] was an important confirmation of
the concept of the φ particle as a bound system of heavy
quarks, since it was predicted IT""*] on the basis of
theoretical analysis of the energy spectrum of these
systems that φ particles will exist with masses inter-
mediate between the masses of 0(3095) and 0(3684) and
with a mass smaller than the mass of 0(3095) (Fig. 2).
The theory also indicated an important role of radiative
transitions between 0 particles because of the suppres-
sion of hadron decays.

Validation of the above treatment of the nature of the
0 particle will mean recognition of the existence of the
new "charm" quantum number in the physics of strong
interactions and the prediction of a new class of ele-
mentary particles that are explicit charm carriers:
"charmed" particles. Their masses are estimated at
2-3 GeV on the basis on data on the 0 particles. We
do not yet have reliable direct evidence of the existence
of "charmed" particles (except for isolated cases), but

FIG. 2.
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there are various interesting indirect indications of
their existence, for example in two-muon neutrino
processes. i9~m

The discovery of the 0 particles was clear evidence
of the complex structure of the world of elementary
particles, indicated the possible existence of a whole
sequence of new quarks, and once again underscored
the importance of studying processes that unfold at
high and ultrahigh energies.

*M. K. Gaillard, B. W. Lee, and J. L. Rosner, Rev. Mod.
Phys. 47, 277 (1975).

2V. I. Zakharov, B. L. Ioffe and L. B. Okun', Usp. Fiz.
Nauk 117, 227 (1975) [Sov. Fiz. Usp. 18, 757 (1976)].

V . Braunschweig et al., Phys. Lett. B57, 407(1975).
4W. Tanenbaum et al., Phys. Rev. Lett. 35, 1323 (1975).
5J. Heintze, DESY Preprint 75/34, September 1975.
6B. H. Wiik, DESY Preprint 75/37, October 1975.
7T. Appelquist et al., Phys. Rev. Lett. 34, 365 (1975).
8E. Eichten et al., ibid., p. 369.
SA. Benvenuti et al., ibid. 35, 1199.
10A. Benvenuti et al., ibid., p. 1203.

Translated by R. W. Bowers

Fourth workshop on inelastic interactions at high energies
(Bakuriani, Georgian SSR, 25 January-4 February 1976)

I. M. Dremin, G. V. Zhdanov, and V. Ya. Falnberg

Usp. Fiz. Nauk 119, 578-580 (July 1976)

PACS numbers: 01.lO.Fv, 13.8O.Mr

The workshop on the physics of inelastic interactions
at high energies was held at Bakuriani for the fourth
year in a row. The basic objective of the workshop is
to bring physicists working on cosmic rays and accel-
erators together in order to give them an opportunity to
discuss both general problems bearing on the appear-
ance of new experimental results and on the develop-
ment of a theory of inelastic processes, and also meth-
odological problems in the design of experiments. In
our view, the success of the workshop has far sur-
passed even the most optimistic hopes of its organizers.
It is, in fact, the only All-Union workshop in this divi-
sion of physics.

In addition to the general lectures and seminars, time

was set aside at the workshop specifically for concur-
rent sessions of experimental and theoretical seminars
and for sessions of the Scientific Council of the USSR
Academy of Sciences on the composite "Cosmic Rays"
problem.

The range of problems that have traditionally been
discussed at the workshop is very broad. First of all,
of course, there are those bearing on the energy be-
havior of the total cross sections and average multi-
plicity in hadron-hadron and hadron-nucleus collisions.
Experimental data obtained on accelerators at energies
up to those of the ISR at CERN have made it possible to
approximate the behavior of the total cross sections
both with a function that increases logarithmically with

639 Sov. Phys. Usp., Vol. 19, No. 7, July 1976 Copyright © 1977 American Institute of Physics 639



mb

7W
on

Ot/

SO

№

Zff

ff

.-Yod'bEtal.
a-Kempaeial.
w-Kalmykovef<i£

-TChubenkoefit , + '

'+t3,S8(\/sr'+

S

y

t o , GeV

FIG. 1. Cross section of nucleon-nucleon Interaction vs.
energy. Data for energies above 2X103 GeV were obtained by
converting the cross sections of interactions of nucleons with
air nuclei. The results obtained by Yodh et al. depend on the
type of primary spectrum (the data given correspond to the
assumption that the exponent of the primary proton spectrum
7 = 2.7).

energy and as a maximum permissible increase in ac-
cordance with the law ln2s (s is the square of the energy
in the c .m.s . ) . The results obtained in cosmic rays at
energies in the range from 103 to 108 GeV and reported
at Bakuriani strongly support logarithmic extrapolation,
whereas as the known limit approximation af(mb) = 38.4
+ 0.49 In2(s/122) runs above the experimental data (Fig.
1). We note that the errors of measurement of the total
cross sections in cosmic rays due to errors in deter-
mining the spectrum of the primary radiation have re-
cently been reduced by study of fluxes incident on the
instrument at various angles. According to data from
extensive atmospheric showers, the average multipli-
city increases as a power-law function E" of the energy
E, where a* 0.25-0.5 (Fig. 2). All of these results
confront the theory of strong interactions with major
problems, since asymptotic constancy of the cross sec-
tion and a logarithmic increase of the average multi-
plicity were until recently regarded as the soundest
hypotheses. The workshop heard a report on an attempt
to modify the Regge scheme, which leads to an asymp-
totic increase of the total cross section of the type ln2s
and a slow increase in the average multiplicity with a
small exponent, a~0.07. In light of experimental re-
sults on inelastic processes, there was active discuss-
ion of the problem of the existence of scaling of in-
clusive produced-particle rapidity distributions (at
present-day energies, we note a rise of these distribu-
tions in the central region and, instead of the expected
plateau on the distribution, the Gaussian-function ap-
proximation is found, on the whole, to be valid); con-
siderable attention was given to the production of reso-
nances (experiments thus far indicate a rather indefinite
fraction of pions from decay of the resonances; it varies
from 10 to 80%), and to the production of particles with
large transverse momenta (evidence indicating a "two-
jet" structure of these events has been obtained).

The problem of secondary-particle clusterization was
considered in a number of papers, both on the basis of
the well-known experimental results and reduction
methods and using new methods of analysis (for exam-
ple, the rapidity interval, method and an interference
method that makes it possible to determine the dimen-
sions of the clusters and their lifetimes).

Attempts at intuitive geometrical interpretation of the
particle-interaction region were reported in the context
of generalization of the impact-parameter method for
inelastic processes.

Various types of theoretical multiple-production
models were reflected in the papers on multiperipheral
processes (in particular, the possibility of unitariza-
tion of a multiperipheral model was discussed), on sta-
tistical and hydrodynamic approaches (where the quasi-
classical condition and entropy increase continue to be
the most acute problems), and on the parton model.

Much attention was devoted to hadron-hadron inter-
actions, where the results reported included weak de-
pendence of the principal characteristics on the nucleus
atomic number A, nuclear multiplicity scaling, a dif-
ference in the angular distributions of particles pro-
duced on light and heavy nuclei, and the problem of the
so-called "young" (just produced) particles.

Among other things, the results obtained by Georgian
physicists at the Tskhra-Tskaro mountain station near
Bakuriani were discussed in detail; here we can trace
the atomic-number dependence of the number of par-
ticles produced in various rapidity intervals at primary
energies up to 1 TeV.

Hydrodynamic and parton models have been used in
theoretical description of hadron-hadron interactions.
We should note that the parton model predicts certain
specific qualitative effects that are manifested especial-
ly clearly in the energy range from 10 to 100 GeV, for
example the so-called antiscreening effect, i. e., an
increase in the number of particles around the highest
rapidities with increasing A.

Also discussed were the experimental possibilities foi
study of violations of rapidity-distribution scaling in
multiple particle production at the highest cosmic-ray
energies accessible for this purpose (1014-10le eV) in
the context of studies made by a group of laboratories
using large (up to 1000 m2) x-ray-emulsion cameras at
altitudes above 4 km (Pamir) and with a complex sys-
tem for registration of extensive atmospheric showers
(Tien-Shan).

f.GeV

FIG. 2. Average multiplicity plotted against energy. The
open circles represent data on the EAS electron component at
high altitudes. The results of measurements of the muon com-
ponent made in the mountains are represented by the shaded
strip. The corresponding errors and the spread of the strip
take account of both statistical errors and, most importantly,
the uncertainty of conversion from one interaction event to the
nuclear cascade in the atmosphere.
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The new opportunities for accelerator experiments
that are offered by large bubble and streamer chambers
were discussed. Cosmic-ray specialists are also tak-
ing part in some of these experiments.

Several interesting theoretical reviewed papers were
also submitted at the workshop, discussing various as-
pects of the quark problem and the special role of non-
abelian gauge fields in the contemporary theory of ele-
mentary particles. It was stressed that many of the
relationships observed in experiments (the meson-bary-
on cross section ratio at high energies, e*e~ annihila-
tion to hadrons, the energy dependence of large-angle-
scattering amplitudes, etc) find natural explanations
within the framework of simple quark models of the ele-
mantary particles. Much attention was given to a dis-
cussion of the problem of confining quarks.

A theoretical seminar functioned regularly at the
workshop. It was used for discussion of problems with
a bearing on derivation of models of weak lepton-hadron
interactions, on the mass ratio mjma in spontaneous
violation of symmetry, on the use of field-theory meth-
ods in the theory of phase transitions in statistical
physics, etc. A paper on the properties of the Gell-
Mann-Low function φη(λ) in λφ" theory with the space
dimension d = 2n/(n - 2) aroused great interest. It in-
dicated that at n » 1, the perturbation-theory asymptotic
series in λ for ψη(λ) can be summed, and that the func-
tion ψηΜ has a point of ultrastability. Extrapolation
(though not fully justified) of the result to the case
w=<2 = 4 results in a fundamental conclusion: the pres-

ence of solutions in the \φ* model in four-dimensional
space-time that correspond to a finite renormalization
of the "charge λ."

Popular papers on biophysical (the so-called cellular
clock) and astrophysical subjects (aspects of the syn-
thesis of ultraheavy elements in supernovas) also met
with great interest.

Practical recommendations for further improvement
of the large complex installation of the Georgian Acad-
emy of Sciences Institute of Physics at Tskhra-Tskaro
Pass were discussed in detail at a session of the Scien-
tific Council.

A separate session of the Council was devoted to
general appraisal of the workshop and acknowledged the
great assistance rendered in its planning and conduct
by D. M. Kotlyarevskii's Organization Committee; per-
tinent recommendations were sent to the Division of
Physics and Mathematics of the Georgian Academy of
Sciences.

Representatives from the Academy of Sciences
Physics Institute, Institute of Theoretical and Experi-
mental Physics, Moscow State University Scientific Re-
search Institute of Nuclear Physics, Join Institutes of
Nuclear Research, Leningrad Institute of Nuclear
Physics, the Institute of Physics of the USSR Academy
of Sciences at Tiflis, and various other scientific
agencies took an active part in the workshop.

Translated by R. W. Bowers
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