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A joint scientific session of the Division of General
Physics and Astronomy and the Division of Nuclear Physics
of the USSR Academy of Sciences was held on April 22 and
23, 1987 at the S. I. Vavilov Institute of Physics Problems of
the USSR Academy of Sciences. The following reports were
presented at the session:

April 22
/. V. I. Balykin and V. S. Letokhov. Laser optics of

beams of neutral atoms.
2. Yu. E. Lozovik. Ion and electron clusters.
3. V. B. Braginskii. Resolution in macroscopic measure-

ments and the optical microcavity. [This report will be pub-
lished in one of the next issues of Uspekhi Fizicheskikh
Nauk (Editors).]

April 23
4. V. A. Noskin. Laser correlation spectroscopy of

quasielastic scattering.
5. A. V. Lomakin. Study of the internal dynamics of

macromolecules by the method of laser correlation spectros-
copy.

6. E. B. Aleksandrov and V. S. Zapasskii. Magnetic res-
onance in the noise in the intensity of scattered light.

Summaries of five of the reports are presented below.

V. I. Balykin and V. S. Letokhov. Laser optics of beams
of neutral atoms. The report contains the results of experi-
mental and theoretical investigations of the development of
the optics of neutral atomic beams with the help of laser
radiation. The problems of collimation, focusing, and specu-
lar reflection of an atomic beam, and also the possibility of
deep A-size focusing of an atomic beam are examined.

Collimation of a beam of atoms was realized1 under
conditions of interaction of laser radiation with atoms, when
the force of light pressure depends on the velocity of the
atoms. This interaction regime of an atomic beam with radi-
ation was realized with transverse irradiation of the beam
with an axially symmetric field, formed by reflection of the
laser radiation from the conical mirror surface of an axicon.
The axis of the axicon coincided with the axis of the atomic
beam. The collimation regime was achieved with negative
detuning of the frequency of the laser radiation from the
frequency of the atomic transition by an amount equal to
several homogeneous widths. For positive detuning by the
same amount decollimation of the beam was observed. The
density of the atoms on the axis at the transition from the
collimation to the decollimation regime varied by a factor of
103. Collimation of the beam enables control of the phase
density of the atoms.

Focusing of the atomic beam was achieved2 by means of
the force exerted by light pressure, which depends on the
coordinate of the atom. Focusing was realized in the config-
uration of a field formed by four diverging laser Gaussian
beams, propagating in the +xand +y directions of a Car-
tesian coordinate system. The caustics of the laser beams
were located at the same distance from the origin of the co-
ordinates, and the atomic beam propagated along the z axis.
Expressions were obtained for the focal length and the for-

mula of the "laser lens." Focusing of the atomic beam was
realized experimentally and an "image" of the source of the
atomic beam was produced.

Specular reflection of an atomic beam was realized3 by
means of the interaction of atoms with nonuniform optical
radiation. In a nonuiform electromagnetic field a gradient
force, proportional to the induced dipole moment and the

3 B fi,A

c

FIG. 1. Deep focusing of an atomic beam by a laser lens, a) Arrangement
of the atomic (1) and laser (3) beams, b) Transverse distribution of the
intensity profile of the TEMJ, mode of the laser field 2. c) Intensity distri-
bution of a monochromatic atomic beam in the focal plane.
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gradient of the field strength, acts on the atom. A nonuni-
form electromagnetic field with maximum nonuniformity of
the intensity was created with the help of total internal re-
flection of laser radiation from the dielectric-vacuum inter-
face. The field in the vacuum in this case decays over a char-
acteristic distance ^X and plays the role of a "mirror" for
the atomic beam incident on it. Specular reflection of the
atomic beam was observed in the experiment; the reflection
coefficient in this case is close to 100%.

The possibility of deep A-size focusing of an atomic
beam4 with the help of laser radiation is analyzed in the re-
port. The atomic beam is regarded as a collection of de Brog-
lie waves, and the potential field whose effect is analogous to
the effect of an objective in light optics or electrooptics is
found (Fig. la). Then the density distribution of the atoms
in the focal plane of the objective is calculated and its basic
characteristics are determined: the focal length, the aperture
ratio, aberration, as well as the possibility of its realization
using modern laser technology. Figure Ic shows the density

distribution of an atomic beam in the focal plane for different
parameters of the focusing field. The solid curve corre-
sponds to the aberration-free case. The dashed curve corre-
sponds to the distribution taking into account the chromatic
aberration; the dot-dashed curve corresponds to the case
taking into account spherical aberration; the distribution
taking into account the effect of momentum diffusion is
identical to the diffraction distribution.

In Fig. Ic the distribution was calculated with the fol-
lowing parameters: P= 1 W, uat =2.2-105 cm/s, Ayat/
yat = 10 ~3. The diameter of the atomic objective equals A.
The calculation shows that all distributions are close to the
diffraction distribution.
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Yu. E. Lozovik. Ion and electron clusters. Clusters con-
sisting of electrons or ions, trapped in external fields, are
studied. The following are examples of the physical realiza-
tions of such clusters: 1) ions, electrons, or other particles in
radio-frequency or Penning traps; 2) electrons in potential
wells, created by impurities or contact phenomena at a
boundary in semiconductors; inclusions of one semiconduc-
tor in another; 3) electrons trapped above a dielectric parti-
cle or drop by image forces. As the tempeature is lowered a
hierarchy of structural changes, associated, as it turned out,
with sequential freezing of degrees of freedom and manifest-
ed in the change in the character of the spectra, and of the
type of motions of the particles, etc., is realized in these sys-
tems. ' The properties of these systems were analyzed 1) in
the low-temperature case (with the help of a variant of the
theory of self-consistent vibrational approximation, taking
into acount systematically all effects of the same order of
magnitude in the displacements of the particles from a lattice
site)2'3; 2) with the help of modeling by means of molecular
dynamics and Monte Carlo methods; and, in the quantum
case, 3) with the help of a variational calculation.

In the case of an external oscillator potential (harmonic
trap) such systems are analogous to the Thompson atom.
Coulomb charges form in the ground state of the system
shell structures with quasicrystalline angular order within a
shell. Filling of successive shells starts with definite numbers
of particles N (see Table I). An analog of the periodic system
of the "elements" was constructed, and the energies of the
clusters and their symmetry and structure (for the three-
and two-dimensional cases) were found. Both the global and
the local minima of the system, differing significantly in
structure (their energies differ only in the fourth decimal
place), were determined. The size of the clusters slowly in-
creases as N increases.

As the temperature /"increases the potential energy of a
cluster increases almost linearly in both the global and local
minima (partial equilibrium). As /"increases there arises a

hierarchy of changes in the structure of the clusters. In
three-dimensional clusters for 7", ~10~3-10~4 (in dimen-
sionless units) the crystalline structure within one shell
melts, and then at T2~ 10 ~' radial spreading of the shells
occurs. In two-dimensional clusters rotation of the shells
relative to one another starts at T { ~ 10~3-10~4; hopping of
particles between shells occurs at T'2~10~2; and, radial
spreading of the shells occurs at T'3 ~ 10~'. These structural
changes are manifested both in the character of the depen-
dence of the mean-square displacements (u2) from the equi-
librium position on the time t (for example, the function
(u2) = f ( t ) undergoes oscillations and infrequent discon-
tinuities for T> T ' 2 ) and in the form of the spectrum of the
oscillations. Prior to the first structural change (T<Tt) the
spectrum of the velocity autocorrelation function is discrete
and after the first structural change it is continuous. As the
number of particles increases, the occupation number of the
shells at the center of a cluster approaches the coordination
numbers of a Wigner crystal,and as /"increases the standard
melting occurs in the system (in two-dimensions, in two
stages4).

Qualitatively close temperature-dependent global and
local structures appear for charges on a sphere, in a circle, or
in a cylinder (a beam of cooled particles in an accelerator,

TABLE I. Table of the occupation numbers of shells of two-dimensional
Coulomb clusters.

N

f f , , N2, N3

N

JVi, Nt, N,

1-5

7V= N

6-8

1,
N — 1

17-18

1, 6, N — 7

9-10

2,
N — 2

11-13

3,
TV — 3

19-21

1, 7, N — 8

14-15

5,
N — o

16

i, 5, 10

56-58

1, 6,12, 18,
N — 37
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