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A scientific session of the Division of General Physics
and Astronomy of the USSR Academy of Sciences was held
on February 24 and 25,1988, at the S. I. Vavilov Institute of
Physics Problems of the USSR Academy of Sciences. The
following reports were presented at the session:

February 24
1. A. M. Bonch-Bruevich, M. N. Libenson, and V. S.

Makin. Surface polaritons and intense laser radiation.
2. V. I. Anisimov, V. P. Antropov, V. A. Gubanov, M. I.

Katsnel 'son, and A. I. Likhtenshtein. Band theory of magne-
tism in metals and alloys.

February 25
3. N. N. Chugai. Supernova in the Large Magellanic

Cloud: first year of observations.
4. G. S. Bisnovatyl-Kogan. Gravitational collapse, neu-

trino radiation, and supernova light curves.
Brief summaries of the reports are presented below.

A. M. Bonch-Bruevich, M. N. Libenson, and V. S. Ma-
kin. Surface polaritons and intense laser radiation. Several
years ago it was discovered that surface polaritons, that is
optical frequency surface electromagnetic waves (SEW),
play a significant role in the interaction of laser radiation
with condensed matter. These waves are comprised of par-
tially longitudinal TM-type waves that propagate along the
interface between two media with permittivities (c) of oppo-
site sign; they exist in both media simultaneously.1>2 Electric
and magnetic fields of SEW are concentrated near the inter-
face and fall off"fairly quickly on both sides away from it. The
concept of surface polaritons entered into the physics of laser
radiation effects from spectroscopy, where methods of excit-
ing SEW by laser radiation were proposed and realized by
means of coupling prisms, diffraction elements, and diaph-
ragms. Also, promising possibilities of employing SEW to
study the optical properties, composition, profile, and other
properties of surfaces were demonstrated (see, for example,
Ref. 2). By applying the concept of surface polaritons (and
other surface electromagnetic modes) excited on a rough
surface by intense laser radiation it became possible to un-
derstand a number of previously unexplained experimental
observations of such phenomena as the appearance of peri-
odic surface structures (PSS), the orientation dependence of
the absorptivity in materials, changes in the mean reaction
rates of surface physicochemical processes, and so forth.3

Currently these investigations have coalesced into a separate
branch of the physics of laser interaction with matter. Re-
sults in this field have been summarized in review articles.4

The report discusses the main processes and depen-
dences that are related to the excitation of surface polaritons
in the interaction of intense laser radiation with materials
with active surfaces (Re e <0). Materials that have active
surfaces in the visible and IR spectral ranges, where the ma-
jority of lasers operate, include metals, melts of many semi-
conductors, and some dielectrics in which the anomalous
dispersion of permittivity e is due to the interaction of light

with the lattice. One of the main manifestations of the excita-
tion of surface polaritons upon laser irradiation of such me-
dia is the appearance of PSS with a period of the order of
wavelength X and wavefronts oriented perpendicularly to
the surface projection of the electric field vector of the laser
beam (given linearly polarized radiation). According to de-
veloped theories, the appearance of PSS is due to the partial
transformation of laser radiation into SEW on "resonant"
periodic lattices which are present, to some extent, in the
spatial spectrum of random surface roughness (polariton
mechanism). The period and orientation of the lattice corre-
spond to the condition when diffracted waves of the first
order ( + 1 or — 1) propagate along the surface. Because of
the interference between the incident radiation and the
SEW, the total radiation intensity at the surface becomes
spatially modulated with the same period as the resonant
lattice. Given incident radiation of sufficient intensity, the
resulting interference field causes inhomogenous heating of
the material and consequent changes in the surface relief at
the resonant spatial frequency due to the activation of var-
ious thermal processes on the surface. These last provide the
positive feedback mechanism and lead to a growing resonant
relief, whose height determines the efficiency of SEW excita-
tion and the modulation amplitude of the interference field.
When the laser radiation is removed the profile is preserved
in the form of PSS. Actual thermal processes that produce
PSS may include evaporation, partial surface melting and
displacement of the melt by excess vapor pressure, thermo-
capillary and thermochemical mechanisms, thermal defor-
mation, generation of surface acoustical waves, etc. This
phenomenon is universal, as it occurs after laser irradiation
over a wide range of wavelengths (fromlRtoUV) and pulse
durations (from picosecond pulses to CW operation). We
note that long before the actual observation of this phenome-
non,3 Kats and Maslov5 applied the stimulated emission for-
malism to discuss an essentially similar problem of the
growth of a resonant surface relief on an ideal metal as a
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result of ponderomotive forces. Real PSS, however, are pro-
duced by lower threshold thermal processes.

The appearance of PSS is an interesting example of self-
ordering in a system which originally possesses no definite
structure or orientation. The growth of PSS is accompanied
by a specific optical process—a significant redistribution
(and enhancement) of the radiation field on and near the
surface. In this case light is not only reflected and refracted
at the interface, but also partially transformed into surface
polaritons. It is estimated that the electric field intensities in
the SEW and the incident, linearly polarized beam become
comparable when the height of the resonant profile h~\03

X, and that this transformation plays an important role in the
energy balance at the surface. Radiation-excited surface po-
laritons are usually absorbed as they propagate along the
surface. The absorptivity of the surface-active medium con-
sequently changes. Not only can the absorptivity increase
strongly (up to ~ 1 ) , but it acquires a definite orientation
dependence determined by the direction and mean free path
of SEW when the free path comes to exceed the size of the
irradiated region. This mechanism makes it possible to con-
trol the extent of thermal effects of laser radiation by chang-
ing the orientation of the light electric field vector with re-
spect to some preferred direction, for example the direction
in which the light beam is scanned along the surface. The
redistribution and enhancement of the resulting field due to
the generation of surface polaritons contributes to the inten-
sification of various physicochemical processes on the sur-
face: photo- and thermal emission; adsorption and desorp-
tion; chemical reactions; etc. It is also conceivable that
surface polaritons participate in the basic steps of some cata-
lytic reactions. The field enhancement can be local, due to
the excitation of localized surface plasmons and cylindrical
SEW, and lead to the lowering of the surface optical break-
down threshold. Various drag effects involving surface po-

laritons are also of interest, for example their drag of free
electrons in thin metal films.

In addition to surface polaritons, under certain condi-
tions surface structures and changes in the effective absorp-
tivity can appear in dielectrics due to radiation-excited
waveguide modes, resonant for materials with spatial inho-
mogeneities or several flat interfaces. Also, a radiative mode
can be nonresonantly excited on a rippled dielectric inter-
face. The field structure of such a mode is similar to SEW,
albeit with a different physical origin and different genera-
tion efficiency.
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V. I. Anisimov, V. P. Antropov, V. A. Gubanov, M. I.
Katsnel'son, and A. I. Likhtenshtein. Band theory of magne-
tism in metals and alloys. The problem of ferromagnetism
and antiferromagnetism remains one of the most challeng-
ing problems in theoretical solid state physics, especially
since it combines features of localized and collective behav-
ior of magnetic electrons. Although this problem was clearly
formulated as early as the 1930s in papers by F. Bloch, J.
Slater, S. P. Shubin, and S. V. VonsovskiT, E. Stoner, and
others,1 significant progress was achieved only in the late
1970s with the development of spin-fluctuation theories of
magnetism.2 However, these approaches are based on a
number of model assumptions and employ fitting param-
eters, and this markedly reduces their utility in explaining
and predicting the magnetic properties of real materials,
especially alloys and complex intermetallic compounds.
Fully nonempirical methods in the band theory of magne-
tism have appeared only recently. These do permit us to
compute the characteristics of magnetic interactions and the

related properties of specific materials.3 6 Numerous band
calculations of the ground state of ferromagnetic metals and
dilute alloys in the local spin-density functional approxima-
tion have demonstrated agreement of calculated and experi-
mental values of the magnetic moment (Af0) within a few
percent.7 By applying Andersen's "local force" theorem to
magnetic excitations,5'6 it becomes possible, in principle, to
compute with the same accuracy other properties, such as
the spin-wave stiffness (D) and the parameters of effective
interatomic exchange interaction {Ji}). Although in metallic
systems exchange is very much a non-Heisenberg interac-
tion, the parameters Jo can be rigorously defined in order to
describe the energy of weakly inhomogenous distributions of
spin density. Another important characteristic is the molec-
ular field parameter

Ji = 2J JHt

which describes the interaction of a magnetic moment at site
/ with the rest of the crystal.

773 Sov. Phys. Usp. 31 (8), August 1988 Meetings and Conferences 773


