
ν
Form of Ooppler shift of γ-quanta as a function of the angle β
between the direction of the nucleus beam and the line of nodes.
1—Nondirectional collisions, a » V β/d; 2—directional colli-
sions, TBld^V*.

and ultra-short-lived "y-excited" nuclei. For ex-
ample, it would be advantageous to use this method to
investigate excited nuclei in (a, y) reactions and com-
pound nuclei in (a, n) reactions or neutron-scattering
reactions.

In reactions of the type a+A-B*+b-C* + y, it is
also possible to isolate the excited nuclei C*, which
have a definite direction of motion, and to arrange
collisions between these nuclei and their neighbors.
This is done by the standard method, using coinci-
dence circuits. The direction of the primary beam
and the B* nuclei does not in this case coincide with
the direction of the atomic collision. It is essential
that the distribution probability of the impact param-
eters for the C * nuclei depends in this collision scheme
not only on β, but also on the displacement JCX of the
B* nuclei along the normal to the line of collision, i.e.,
on the lifetime 7% of the B* nuclei. This dependence is
in evidence at distances χί~/βα 10"9 cm and makes it
possible to register values of τ% ~ 5.10"18 sec.

Compound nuclei with known lifetimes T~10" 1 6 -10" U

sec and all compound nuclei whose lifetimes can be
determined reliably by the present method can then be
used as indicator nuclei for the study of crystals. The

A. A. Komar. φ-Particles: The Experimental and
Theoretical Situation. The general term "φ particles"
pertains to a group of recently discovered unstable
bosons with masses ranging from 3 to 4 GeV and life-
times 2-3 orders longer than the usual lifetimes of
heavy hadrons." The first two terms of this set ψ(3095)
and ψ(3684) were discovered at the end of 1974.2) Dur-
ing the past year, several more particles belonging to
this group have been discoveredt3~6:: ψ(2750), ψ(3410),
and ψ(3510); there are also references to the existence
of ψ(3550). Unstable boson formations ψ(4100) and
ψ(4450) with widths that are now typical for massive
hadrons, although they may be genetically related to
φ particles with smaller masses, have also been reg-
istered.

The interest in φ particles is due primarily to their
relative stability, which is unusual for such heavy

angular coordinates of neighboring atoms relative to
the indicator atom and the equilibrium positions of the
indicator nuclei (atoms) in the lattice can be determined
with high accuracy, of the order of 1-3°. In principle,
it is possible to determine the distances to the neighbor-
ing atoms, and also the nature of these atoms, Analy-
sis of the conditions that the indicator nuclei must sat-
isfy indicates that there may be a considerable number
of them.t41 A number of known resonant (p, y) reac-
tions create excited nuclei that can be used as indica-
tors, e. g., 12C (p, y) 13N, leO (p, y) 1 7F, 23Na {p, y) 24Mg,
42Ca(/>,y)43Sc.

Relatively "long-lived" nuclei with τ*$ 10"13 sec can
be used for most problems of analysis, since the emis-
sion spectra of such nuclei are distorted only slightly
by subsequent deceleration after the first collision.
According to y-spectroscopic data,C53 most nuclei with
ζ S30 have excited levels with τ * $ 3 · 10'14 sec.

The use of indicator nuclei may provide a helpful
supplement to existing diffraction and corpuscular
methods of analysis, especially in such problems as
determining the positions of lattice defects, studying
atomic collisions in crystals, bremsstrahlung losses,
and features of radiation-induced defects.

*V. B. Fiks, ZhETF Pis. Red. 20, 185 (1974) [JETP Lett.
20, 79 (1974)].

2V. B. Fiks, ibid. 22, 185 (1975) [22, 85 (1975)].
3M. A. Krivoglaz and V. B. Fiks, Zh. Eksp. Teor. Fiz. 70,

2189 (1976) [Sov. Phys. JETP 43, No. 6 (1976)].
V B. Fiks, Dokl. Akad. Nauk SSSR (1976) [Sov. Phys.-Dok-

lady (1976)].
5E. V. Berlovich, S. S. Vasilenko and Yu. N. Novikov,

Vremena Zhizni Vozbuzhdennykh Sostoyanii Atomnykh Yader
[Lifetimes of Excited States of Atomic Nuclei], Nauka, Len-
ingrad, 1972.

"That is, we are concerned with lifetimes of 10"20-10"21 sec
and, accordingly, decay widths of 0.1-1 meV.

2 )For a detailed description of the situation early in the study
of ψ particles, see1 1 '2 3.

elementary particles. The properties of ψ(3095) and
ψ(3684) have now been studied in detail. The aggregate
of the data indicates that these particles are hadrons:
the conservation laws characteristic for strong inter-
actions are observed in their interaction with other had-
rons. The interaction cross sections of the φ particles
that have been studied have been found to be about an or-
der smaller than the cross sections of known hadrons.
Thus, the total cross section of interaction of ψ(3095)
with nucleons at energies ~ 100 GeV is estimated at
1 mb.

There is every reason to believe that the other φ par-
ticles are also hadrons, since they form from ψ(3095)
and #(3684) when the latter emit a y quantum (Fig. 1),
i. e., as a result of minor restructuring.

The concept in which the φ particle is a bound system
consisting of a heavy quark and an antiquark and as-
signed the new quantum number "charm" is currently
dominant in treatment of the nature of φ particles. In
this treatment, the smallness of the decay widths of ψ
particles is explained by the small annihilation prob-
ability of heavy quarks, which may be due dynamically
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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.
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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
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