
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.
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Modern computational methods make it possible to
study not only the energy spectra of solids, but also the pa-
rameters of the exchange interaction. The most convenient
technique of computing magnetic interactions involves the
multiple scattering formalism—the KKR or the LMTO
Green's function methods. In these methods complete infor-
mation on the electronic structure of the crystal is contained
in the full scattering matrix TtJ, which is a function of both
spin (a = t,4 ) and orbital (L = I, m) variables, as well as
the energy E. According to Refs. 5, 6 all properties of mag-
netic excitations at zero temperature can be expressed in
terms of Ty in the ground state, for example:

D ^ E'

E F

I m

where A, = (t,~' — t,~'), f, being the single-site scattering
matrix. When this method5'6 is generalized to the relativistic
case one obtains expressions for the magnetic anisotropy
constant and for the parameters of the antisymmetric Dzya-
loshinskii-Moriya interaction. In the mean-field approxima-
tion Jo determines the Curie temperature Tc .

5 A computa-
tion of Jo for an impurity in a magnetic matrix makes it
possible to estimate the stability of the parallel and antipar-
allel orientations of the impurity spin. An analogous method
can be extended to the paramagnetic state within the frame-
work of the KKR coherent potential approximation, which
makes it possible to calculate the magnetic susceptibility,4as
well as the dependence of Tc on concentration in alloys.6

The promise of the nonempirical method in the theory
of band magnetism was demonstrated by the computation of
the magnetic properties of a large number of transition met-
als, their alloys and compounds. The obtained values of spin
stiffnessD forFeandNi (294 and 386 meV-A2) are in good
agreement with experimental results (314 and 395
meV • A2). In all systems investigated thus far, the parameter
Jo explains the observed type of magnetic ordering (for ex-
ample, ferromagnetic in FePd3, MnPt3 and antiferromag-
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FIG. 1. Exchange parameter Jo as a function of the Fermi energy for
impurities in the hep phase of ferromagnetic Co.

netic in FePt3, MnPd3). By studying the dependence
J0(E¥) for ideal crystals and impurities, we can analyze the
mechanisms by which magnetic properties appear in a num-
ber of transition metals, in particular the tendency towards
antiferromagnetism when the band is nearly half-filled and
towards ferromagnetism at higher band filling (Fig. 1). The
non-Heisenberg character of the exchange interaction in
metals is most clearly manifested by the existence of two
magnetic states (Mo > 0 and Mo < 0) stable with respect to
moment rotation (Jo >Q in both states). This situation oc-
curs for the Mn impurity in Fe and explains the experimental
data on dilute FeMn alloys,8 as well as on the Fe impurity in
antiferromagnetic Cr (Fig. 2). Also note the presence of
sharp impurity peaks in density of electron states near EF for
both magnetic states of the Fe impurity in the antiferromag-
netic "pseudogap" of Cr. These peaks could explain the
anomalous properties of dilute CrFe alloys.9

In order to focus on the extent of magnetic moment
localization and the dependence of the exchange interaction
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FIG. 2. Local densities of electronic states for tran-
sition metal impurities in antiferromagnetic Cr.
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"constant" Jo on magnetic configuration, we calculated the
excited states of an "impurity" with a moment Mo rotated by
an angle 0. If the moment is fully localized Mo is indepen-
dent of 0, and the rotation energy 8E~ 1 — cos 6. With Fe
we found that this picture is valid for d < 45°; at larger 0Mo

(0) becomes smaller, and at angles 6> 135° the self-consis-
tent solution ceases to exist. In the case of an Mn impurity in
Fe, Mo depends weakly on 6 throughout the O<0<18O°
range, which points to stronger localization of the magnetic
moment. Hence SE exhibits strongly non-Heisenberg behav-
ior. The opposite situation of a weakly defined local moment
occurs in pure Ni, where Mo{9) falls sharply even at small 6.

In this manner, we can successfully determine the mag-
netic characteristics of crystals by focusing on the particular
features of the electronic band structure. This particular ap-
proach should permit us to proceed with microscopic model-

ing of the properties of new magnetic alloys with varying
degrees of electronic state localization.
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N. N. Chugai. Supernova in the Large Magellanic
Cloud: first year of observations. The supernova 1987A
which exploded in the Large Magellanic Cloud (LMC) on
February 23, 1987, provided a unique opportunity to solve
the many unanswered riddles in supernova physics. First,
the star had been carefully studied prior to its explosion. It
was the blue supergiant labelled No. -69 202 in the Sandu-
leak catalogue. The absence of its signature in the ultraviolet
spectrum SN1987A taken by the "Astron" ' and IUE satel-
lites leaves no doubt that this was indeed the star that be-
came the supernova. According to photometric characteris-
tics obtained by means of photography in different colors,
the luminosity of this star prior to the explosion was 105 solar
luminosities, its temperature was (12-20) • 103 K, its radius
was 30-60 solar radii. During the almost 100 years of LMC
observation the star had exhibited no sign of variable behav-
ior. An analysis of the radio-frequency SN1987A burst re-
ceived for the first 10 days after the explosion2 indicates that
the rate of mass expulsion in the presupernova stage was

10 " 6-10 " 5 MQ /year. It appears that for the 104 years prior
to the explosion the star had been a red supergiant and mass
expulsion proceeded faster. The nitrogen content of this ma-
terial, discovered by the narrow ultraviolet lines in the
SN1987A spectrum at the end of May, 1987, was an order of
magnitude higher than normal (C. Fransson, private com-
munication ).

Supernova 1987A belongs to type II, since its spectrum
contains strong hydrogen lines. However, in a number of
ways this supernova is unique. First of all, its light curve has
been unusual: the luminosity was low for the first two
months and its rate of increase was slow, with peak luminosi-
ty reached after 86 days (rather than the usual one or two
weeks). Currently there is no doubt that the peculiar behav-
ior of SN1987A light curve has been due to the relatively
small radius of the presupernova compared to the usual type
11 supernovae.3 Another peculiar feature of SN1987A is the
strong barium line Ball 6142 A, which appeared in the spec-
trum three weeks after the flash. It has been suggested that

the presence of this line is a consequence of a strong (order of
magnitude) excess of barium over the normal content. A
more careful analysis reveals this hypothesis to be unfound-
ed. The observed line can be adequately fitted by the follow-
ing parameters: envelope mass of 8 solar masses, barium
content—1/3 of solar content, density distribution
p oc exp( — v/v0) (where v0 is a characteristic velocity set by
the explosion energy of 1051 erg) (see Fig. 1). The above
assumes single ionization of Ba. In typical type II superno-
vae, conditions in the envelope are probably such that bari-
um is doubly ionized.

By far the greatest share of recorded SN1987A radi-
ation in our time frame has been contained in a continuous
spectrum of a shape nearly corresponding to the black-body
curve at a temperature of 5000 K. The role of the emission
lines grew with time, and 230 days after the explosion 25%
of the radiated energy was comprised by these lines.4 At a
later stage (t^ 100 days) the frequency of received radiation
was fixed by the energy of the 56Co -»56Fe radioactive decay
(the lifetime of 56Co is 111.2 days); 56Co itself is a decay

6000 6100 6Z00

FIG. 1. The Ball 6142 A line in the spectrum of SN 1987A on March 20,
1987. The solid line represents observations (R. M. Catchpole et al.), the
dashed line is calculated for an envelope mass of 8 Af0 and a Ba content
equal to 1/3 of solar.
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