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tion of media with noticeable absorption, we used low
powers and thin layers of the medium). The radius of
the intense beam was severa l t imes larger than the
dimensions of the par t ic le . The profile of the sounding
coloring beam could be chosen a r b i t r a r i l y .

The display was on a s c r e e n located 1.5 m from the
layer of the medium. Observation was with the aid of
IR binoculars, and motion pictures were taken in the
red light of the auxiliary l a s e r .

A growth of the overlap a r e a , by up to 30 t imes and
m o r e , was r e g i s t e r e d . The s trongest effects were ob-
served in Plexiglas, which has a large derivative n ^
of the refract ive index.

We observed^ 6 1 a new type of self-focusing in the
region of perturbations of the medium with ηχ > 0
near the absorbing par t ic le . A smooth rapid transi t ion
from the shadow region to the bright point at the center
was observed.

These experiments demonstrated the process of
aureole refraction from centers giving t h e r m a l
aureoles with dimensions exceeding the wavelength of
the light. The case of aureoles with dimensions that
a r e smal l compared with the wavelength also admits of
a s imple descr ipt ion.

The great abundance of natural and artif icial media
with inhomogeneities (impregnations, sols , disloca-
tions) make the foregoing effects promising in pract ice .
Cases a r e possible when the t ransparency and the
scat ter ing ability can depend so strongly on the in-
tensity that even a barely noticeable haze or a slightly
scat ter ing cloud may turn out to be opaque to light of
high intensity. The pulsed c h a r a c t e r of the p r o c e s s e s
makes it possible to use them to produce modulators
with variable t ransmiss ion or reflection. These ef-
fects can be the cause of power or energy l imitation,
for example in such working e lements as neodymium
glass with smal l platinum part ic les or other technolog-
ical impur i t ies .

This effect can be observed also in intense flashes
of incoherent light.
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Β. Β. Kadomtsev, Matter in a Superstrong Magnetic
Field

In fields of ΙΟ 1 2—10 2 4 Oe, which according to present
notions can exist in neutron s t a r s , there should occur a
noticeable change of the physical propert ies of m a t t e r .
Namely, a complete realignment of the electron shells

takes place in an atom with atomic number Ζ at
Β > Ζ χ 109 Oe. All the e lectrons a r e then at the lower
Landau levels, their magnetic moments a r e oriented
along the field, and the electrons move in thin cryl indri-
cal shel ls with symmetry axis passing through the
nucleus and directed along the field. In the field inter-
val ΙΟ9 Ζ < Β « ΙΟ9 Ζ 3 Oe the ground state of the
heavy atom can be described within the framework of
the modified T h o m a s - F e r m i approximation, which
shows that the atom re ta ins its spher ical symmetry,
and i ts volume decreases like B" 6 / 5 . In a field
Β 3> 10 9 Z 3 Oe the atoms a r e stretched out along the
magnetic field, and since they have a large quadrupole
moment they can form molecules with high binding
energ ies .

In a sufficiently s trong magnetic field, the ionization
energy of the atoms and the dissociation energies of
the molecules can be so large that the neutral atoms
and molecules can exist even at very high tempera-
t u r e s . If the t e m p e r a t u r e s a r e not very high, then the
atoms and molecules in the supers t rong field can be-
come condensed into a solid phase. A prel iminary
analysis shows that the solid should apparently be a
polymer.
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I. I. Gurevich, Investigation of the Condensed State
of Matter with the Aid of Positive Muons

A new method for studying the propert ies of method
and the kinetics of chemical react ions with the aid of
muons has been developed recently at the Atomic
Energy Institute, the Nuclear Problems Laboratory of
the Joint Institute for Nuclear Research, and the
Institute of Theoret ical and Experimental Physics . The
muon method of investigating the propert ies of matter
is based on the fact that muons stopped in mat ter a r e
" t a g g e d " par t ic les , the polarization and spin direction
of which can be t raced by means of the asymmetry of
the angular distributions of the μ —· e-decay e lectrons .
It uncovers additional possibilities for studying the
kinetics of chemical react ions, local magnetic fields in
m a t t e r , interactions of muonium atoms with mat ter ,
e tc .

This paper does not consider interactions of nega-
tive muons with mat ter , which a r e being intensively
studied by V. S. Evseev 's group at the Nuclear P r o b -
lems Laboratory of the Joint Institute for Nuclear
R e s e a r c h .

All the experiments considered below on muon in-
teract ion with matter were performed with the polar-
ized μ^ΐηεβοη beam of the same laboratory.

A consistent theory of interaction of positive muons
with matter was developed at the Atomic Energy Insti-
tute (V. G. Nosov and I. V. Yakovleva, I. G. Ivanter, and
V. P. Smilga). According to this theory, when the μ +

meson slows down in mat ter to the velocities of the
atomic e lectrons, it captures an electron and forms a
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muonium atom. The muonium then enters into chemical
react ion with the molecules of the medium or pene-
t r a t e s into the la t t ice . The experimentally measured
polarization of the μ* mesons is determined in this
theory by two p a r a m e t e r s : the lifetime τ of the
muonium and the frequency ν of the depolarization of
the muonium electron upon interaction with the medium.
The values of τ and ν can be determined from experi-
ments on the dependence of the res idual polarization
of the μ + mesons (polarization after the muonium
e n t e r s in the chemical react ion) on the values of the
longitudinal and t r a n s v e r s e magnetic fields. Much
work was done in this a r e a at the Institute of Theoret i-
cal and Experimental Physics (V. G. F i r s o v ' s group).
In these experiments they measured the t ime τ at
which the muon e n t e r s in the chemical react ion. Cal-
culation shows that it is possible to determine in this
manner the t ime τ to within «lCT 1 1 s e c . This group
observed for the first t ime the free muonium atom
following the stopping of μ* mesons in condensed
media. Great interest a t taches to work on the interac-
tion of the e lectron shell of the free muonium atom
with m a t t e r . This work led to the discovery, at the
Atomic Energy Institute, of a new phenomenon—two-
frequency spin precess ion of the μ + meson in muon-
ium in a t r a n s v e r s e magnetic field. The two-particle
precess ion resul t from the quadratic Zeeman effect on
the levels of the ground state of muonium and makes it
possible to determine the " d i m e n s i o n s " of the muon-
ium atom in m a t t e r . Thus, for quartz and ice the
" d i m e n s i o n s " of the muonium atom turned to be equal
to the vacuum values, which agrees with m e a s u r e m e n t s
of the dimensions of the free hydrogen atom in this
substances by the EPR method. The dimensions of
muonium in germanium turned to be la rger than the
vacuum values, i .e., the muonium atom in germanium
is " in f la ted . " Another a r e a of the r e s e a r c h at the
Atomic Energy Institute is the study of dipole-dipole

interactions of the μ+-ΐηβ8οη and muonium magnetic
moment with the magnetic moments of the nuclei of
the medium. The dipole-dipole interactions cause r e -
laxation of the μ*-meson spin in m a t t e r . This re laxa-
tion usually takes place only at low t e m p e r a t u r e s ,
since the ra te of diffusion of the μ* meson over the
crysta l increases with increasing t e m p e r a t u r e , the
nuclear magnetic fields at the μ* meson become var i-
able in t ime, and the relaxation of the μ+-πιβ8οη spin
d e c r e a s e s . Positive muons can also be used to study
local magnetic fields in m a t t e r . Theoret ical calcula-
tions show that this method can be used, for example,
the s t ructure of hard superconductors .

1V. G. Nosov and I. V. Yakovleva, Zh. Eksp. T e o r .
Fiz . 43, 1750 (1962) [Sov. P h y s . - J E T P 16, 1236 (1963)J.

2 1 . I. Gurevich.and Yu. P . Dobretsov, et a l . , Yad.
Fiz . 6, 316 (1967) LSov. J . Nuc.-Phys. 6, 230 (1968)].

3 1 . I. Gurevich, L. A. Makar ' ina, et al . , Zh. Eksp.
T e o r . F iz . 54, 432 (1968) [Sov. P h y s . - J E T P 27, 235
(1968)].

4 1 . G. Ivanter and V. P . Smilga, ibid. 54, 559 (1968)
L27, 301 (1968)].

5 G . G. Myasishcheva, V. G. Fi r sov, et a l . , ibid. 53,
451 (1967) L26, 298 (1968)].

6 I . I. Gurevich and I. G. Ivanter, et al . , Phys. Lett .
29B, 387 (1969).

7 I . I . Gurevich, I . G. Ivanter, et a l . , Zh. Eksp. T e o r .
F i z . 60, 471 (1971) [Sov. P h y s . - J E T P 33, 253 (1971)].

8 B . A. Nikol 'skn, dissertat ion (Atomic Energy
Institute, 1969); defended at Nuc. Problems Lab.,
JINR, May 1970.

9 B . A. Nikol'skii, Paper at French-Soviet Sympos-
ium on Solid State Physics, Marsei l le , F r a n c e ,
October 1969.

Translated by J . G. Adashko




