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The scientific session of the Division of General Physics
and Astronomy of the USSR Academy of Sciences was held
on 28 February 1990 at the USSR Academy of Sciences S. I.
Vavilov Institute of Physics Problems. The following reports
were presented:

1. L. B. Leinson, V. N. Oraevskii, V. B. Semikoz, Ya. A.
Smorodinskii. Electrodynamics of the neutrino in solid me-
dia.

2. V. V. Nesterov, A. A. Ovchinnikov, A. M. Chere-
pashchuk, E. K. Shelf er. Problems of space astrometry. Pro-
ject LOMONOSOV.

A summary of the reports is given below.
L. B. Leinson, V. N. Oraevskibi, V. B. Semikoz, Ya. A.

Smorodinskibi. Electrodynamics of the neutrino in solid me-
dia. In the standard model of electro-weak interactions,
vacuum electromagnetic characteristics of the neutrino, the
RMS electromagnetic radius (r2,)1'2 and the anomalous
magnetic moment Avvac, require the interaction of the neu-
trino with the vacuum of vector Z- and W-bosons and lep-
tons.

Due to these characteristics the neutrino, as the neu-
tron, interacts with photons, electrons, etc. In other words, a
consideration of the radiation corrections to the weak inter-
action, which are calculated in a one-loop approximation,
make it possible to calculate the electromagnetic structure of
the neutrino in vacuum.

References 1-11 studied the electromagnetic properties
of the neutrino in dispersive media, which differ greatly from
vacuum media.

The polarization of dispersive media by weak forces is
significantly stronger than the polarization of vacuum media
(evac — 1), which is close to zero and for reasonable values
of transmitted momenta \q2\ ̂ M\,, where Mw is the mass
of the ff-boson, has the character of small radiation correc-
tions. In a medium, polarization \emed — 11 may be compar-
able to and even larger than unity, and this determines the
value of the relatively large additional electromagnetic inter-
action, which is comparable with the known Born contribu-
tion.

Due to the polarization of such a medium by weak
forces (the moving neutrino), in the neighborhood of the
"trajectory" of the neutrino, a small-scale inhomogeneity of
electron concentration is generated (of the order of the De-
bye radius in plasma rD), which changes the character and
value of the electromagnetic interaction of the neutrino with
matter.

We note that most authors generalizing vacuum elec-
tro-weak models for the case of a medium examine a homo-
geneous medium or a medium with a slow, adiabatically
changing density, without considering its spatial and tempo-
ral dispersion. In these conditions, the medium suppresses,
for example, the electrodynamic interaction of intrinsic
vacuum dipole moments of the neutrino with the magnetic
field, which has no effect whatsoever on the value of the
electrodynamic moments of the neutrino.

Conversely, in the case of dispersive media, the electro-

magnetic interaction of the neutrino with particles of the
medium intensifies as the density of matter increases, and, in
contrast to radiation corrections in vacuum, significantly
changes the value of the corresponding cross section of weak
interaction in the standard model.

For example, the cross section of elastic scattering of a
massless neutrino on a spinless nucleus in plasma11
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in addition to the known Born contribution of neutral cur-
rents, which depends on the number of protons Z and the
number of neutrons A^in the nucleus, contains an additional
term, which disappears in vacuum (rD-»oo). Here
k = 2Esin(6/2) is the transmitted momentum. The addi-
tional contribution is of a polarization origin and when one
ignores neutral currents, leads to the Mott-Rutherford for-
mula for scattering by a screened Coulomb center
(Ze/r) exp( — r/rD ) of the neutrino with the "induced elec-
tric charge"5

= 0.25), (2)

where £, is a parameter of the standard model (from experi-
ment, |~0.23); GF is the Fermi constant, e2 = a = 137~', e
is the charge of the electron (all in the system fi = c = 1).

The induced electric charge (2) owes its origin to the
weak attraction of electrons to the neutrino. The inhomoge-
neity of the electron concentration is the charge (2) which is
compensated by the charge of ions at a distance of the order
of rD. The opposite sign of the amplitude of scattering for the
antineutrino leads to the repulsion of electrons and a change
in the sign of (2).

Despite the small value of the charge e'v
nd/e~10~16

(Sun, metal), ~10~8 (collapser), the effect of the addi-
tional term on the cross section (1) is significant in the range
of small neutrino energies.

For energies E~r^l (~keV in metal, ~3.5 MeV for a
density of/3 ~ 1012 g/cm3 in a collapser) the cross section for
the scattering of the electron neutrinos by nuclei decreases,
due to collective interaction, by a factor of a value compara-
ble to the Born value, not taking into account the polariza-
tion of the medium by weak forces.

A consequence of the propagation (after the neutrino)
of the longitudinal perturbation of the electron concentra-
tion is the polarization emission v-»v + 7, of longitudinal
plasmons in an isotropic medium6 by a moving neutrino.
The presence of a mass, in contrast to the decays of hypo-
thetical heavy neutrinos in vacuum VH -» VL + y, is not as-
sumed here.

The presence of pseudovector currents, which are re-
sponsible for the nonconservation of parity in weak interac-
tions, leads to a new axial function of linear response, which
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supplements the known polarization tensor of statistical
quantum electrodynamics.9 If one examines the interaction
of the neutrino with a weak static and homogeneous external
magnetic field, the presence of an axial response function
leads to the appearance of an induced magnetic moment of
the neutrino

ft" 2me
(3)

where e™A is the charge (2), me is the mass of real electrons
of the polarized medium, which form a circular current j
around the spin of the neutrino, creating a magnetic moment
^'v

nd = ( 1/2) [rj ] Jd3r with the value of ( 3 ) .
In the old V-A model of Feynman and Gell-Mann

( 1957), where there are no neutral currents (£ = 0.25), the
magnetic moment ( 3 ) has a canonical form; however, it does
not depend on the mass of the neutrino mv.

In ferromagnetics the analog of the magnetic moment
( 3 ) generated from the same pseudovector current of elec-
trons reaches a large value, 12 ̂ 'v

nd = — 2/2~GF mlfj,B/4ira of
the order of 10~ I0 fj,B, where f*B is the Bohr magneton. In a
collapser, in the ultrarelativistic degenerated electron gas,
^'v

nd (3) also reaches a large value ~ lQ~10fj,B without draw-
ing on the hypothesis of right-handed currents.

In the standard model, the induced magnetic moment
does not lead to a change in the helicity of the neutrino in the
external magnetic field or in scattering by charged particles,
in contrast to the vacuum magnetic moment.

However, the addition of a small admixture of right-
handed currents to the weak interaction in a dispersive medi-
um leads to the appearance of an effective magnetic moment
of the neutrino, which is proportional to the medium density
and the electric charge ( 2 ) or the moment ( 3 ) , but which
now leads to a change in the helicity even when one ignores
the vacuum magnetic moment.

The inclusion of right-handed currents immediately
leads to the appearance in a homogeneous medium of a finite
neutrino mass proportional to the density of matter:13

GF(£2-\)mc
(4)

which has the necessary transformation properties and de-
termines the spectrum of neutrinos in matter, similar to the
mass of an electron in a crystal; here/oe'e) are the Lorentz-
invariant equilibrium functions of the distribution of elec-
trons and positrons. We stress that in this same model of Pad
and Salam with the mixing of the left and right JF-bosons
(W^= W^cosg + WRsinf,f is the mixing angle) the
vacuum mass of the neutrino is uncertain due to the need to
renormalize. Despite the smallness of the effective mass
(mf ~2-l(T3 eV) for a densityp~ 1014g/cm3, the appear-
ance of two states of helicity is of fundamental importance
for a neutrino which is massless in vacuum.

In this same model with right-handed currents, the in-
teraction of a neutrino with a cloud of real electrons around
an ion (in elastic scattering of a neutrino by an ion in a plas-
ma) leads to a more effective change in the helicity of the
neutrino than when one considers its interaction with an ion
through the vacuum magnetic moment.14

The latter effect, which was examined for the simple
case of an isotropic dispersive medium, may be noticeable
for a neutrino in a dense medium, where the de Broglie wave-

length of the neutrino A ~ E ' exceeds the average distance
between particles of the medium (a collapser with (E) ~ 10
MeV,/?Fe~30MeV (p-1012 g/cm3)).

For media such as the Sun, the approximation of an
isotropic medium (magnetic field B0 = 0) is clearly insuffi-
cient for the collective effects to lead to a noticeable change
in the helicity of the neutrino or the cross sections of its
interaction with matter. Here, apparently, one needs further
development of the proposed approach for the case of the
magnetically active plasma of the Sun.

Among other results, we also note the calculation in the
standard model (without right-handed currents) of the ana-
pole moment of the Dirac and Majorana neutrino in a medi-
um. In particular, in ferromagnetics the value of the induced
anapole moment, which depends on the magnetic permeabil-
ity (1 — fj. ~' ~ 1), is at least a ~' = 137 times greater than
the expected vacuum value.15

In this same model the Bogolyubov method was used to
deduce the relativistic kinetic equations for charged leptons
and neutrinos.16 The important role of the contribution of
the self-consistent field, which is dependent on charge (2),
to the equation of neutrino transport was noted.

All the dependences of the electromagnetic interactions
of neutrinos with a dispersive medium through an induced
electric charge (2) or magnetic moment (3) are of an indi-
rect character in the sense that electromagnetic form factors
of the neutrino are introduced directly into observed values
(cross section, energy losses), and these form factors depend
on the functions of linear response of the medium to weak
interaction. Normalizations of these form factors, that is, of
their value, are multipole electromagnetic moments of the
neutrino in the medium,17 which are useful for qualitative
understanding of the interaction of the neutrino with the
dispersive medium, and the use of known analogies for be-
havior of common charged particles in these media.

Depending on the parameters of the medium (density,
temperature), the charge (2), magnetic moment (3), etc.,
are not such universal characteristics as, for example, the
charge of the electron, but they correctly reflect the physics
of electromagnetic phenomena for the neutrino in a disper-
sive medium, which is noticeably different in its conse-
quences from the results of the interaction of vacuum elec-
tromagnetic characteristics of the neutrino with
electromagnetic fields in the same medium.
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V. V. Nesterov, A. A. Ovchinnikov, A. M. Cherepash-
chuk, E. K. Sheffer. Problems of space astrometry. Project
LOMONOSOV. Information obtained from observations of
celestial objects contains their position (assigned by direc-
tions to the source of electromagnetic radiation), and photo-
metric and spectral characteristics in various radiation
ranges. All these pieces of information are functions of time:
the position changes due to the proper motions and paral-
laxes of stars, and their brightness and color are frequently
variable.

The collection of this information and its study is the
main task of astronomy, as it has been since its origin, and
the materials collected by astronomers are compiled in cata-
logs. The use of a catalog with practical and scientific goals
always involves the extrapolation of the information con-
tained in catalogs. The accuracy of catalogs inevitably de-
clines over time. Today's accuracy of several tenths of a sec-
ond may in 10-20 years become an error of seconds.

Over a century of work in classical astrometry shows
that it is fundamentally impossible to achieve mass measure-
ments from the surface of the Earth with an accuracy better
than 0.10". An increase in accuracy is limited by local fluc-
tuations of the atmosphere, insufficient stability of the direc-
tions chosen to assign zero points, and the technical imper-
fection of measurement instruments functioning in gravity.
It should be stressed that increasing the number of observa-
tions virtually does not lead to an increase in the accuracy of
the result once some limit is reached. Polaris has been ob-
served thousands of times over the last 300 years, but its
coordinates are, as before, known only with an accuracy of
several hundredths of an arc second.

The goal of Project LOMONOSOV is the creation of a
highly-accurate coordinate system for the entire sky, which
would remain in effect for a sufficiently long period of time
(30-50 years), providing a solution to a wide range of funda-
mental and practical problems. This goal is achieved as the
result of comprehensive work based on a space experiment,
that is, the organization of stellar observations with a tele-
scope installed on board on Earth satellite.

The program of observations of the LOMONOSOV ex-
periment includes:

—all stars up to 10.0 stellar magnitudes, in all about
400,000, providing for the presence of about 10 stars in a
quadratic degree of the sphere;

—selected weaker stars (up to 13.0 stellar magnitudes),
about 8000 in number (these stars were already chosen for
the HIPP ARCOS program of the European Space Agency;
they are of special interest for astrophysics and stellar as-
tronomy);

—about 30 of the brightest sources of extragalactic ra-
diation;

—about 40 bodies of the solar system (large and small
planets).

The fundamental scientific importance of the results of
Project LOMONOSOV should be examined in two aspects:
the creation of a coordinate system for scientific and practi-
cal purposes, and obtaining information for the development
of astronomy.

1. The coordinate system. Absolute proper motions will
be obtained for a 100 times more stars and for many hun-
dreds of times more weak stars than in stellar catalogs com-
parable in quality (FK5) and with 5-10 times more accura-
cy than in catalogs which are comparable in volume, AGK3
and SAO. To achieve these results from Earth would require
about 100 years of work.

The absolute positions will be obtained with an accura-
cy 10-30 times greater than in FK5. This is generally unat-
tainable for terrestrial observations (the atmosphere limits
the achievable accuracy). However, the most important im-
provement of current data is the achievement of uniform
accuracy over the entire celestial sphere, in particular, the
elimination of different systems in the northern and south-
ern hemispheres, which is inevitable for terrestrial observa-
tions.

An absolute coordinate system will be obtained by link-
ing the stars of the system with the sources of extragalactic
radiation, whose positions are measured using radio inter-
ferometry, and from joint observations of stars and bodies of
the solar system. The observations of the parameters of
Earth's rotation by classical optical methods in the LO-
MONOSOV system of coordinates and the use of radio in-
terferometry will make it possible to compare these two sys-
tems. Thus, the Project LOMONOSOV catalog will become
a representative of the best absolute system of coordinates
obtainable at present.

With an absolute coordinate system, it will be possible
to:

—establish the link between a dynamic reference sys-
tem (planets, the Moon) and an absolute geometric system;

—study non-gravitational effects on the motion of the
Moon and relativistic effects for other bodies of the solar
system;

—establish a reference system to measure precession of
the Earth's axis, which is extremely sensitive to the proper-
ties of the internal structure of the Earth;

—establish a reference system to study the secular mo-
tion of the Earth's poles, which is linked with the shifting of
lithospheric plates and variations in the Earth's moments of
inertia;

—establish a reference system to study secular effects in
the movement of the planets and refinement of their masses.

2. Astrophysics and stellar astronomy. At present there
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