
K. B. Efetov. Field-theory description of Anderson
localization and the conductivity of two-dimensional
disordered metals. The properties of disordered met-
als are usually described with the aid of perturbation
theory, which is valid at impurity concentrations so low
that TZO» 1, where T is the free path time and e0 is the
Fermi energy. There is a well-developed diagram
technique in this limit.1 The diagrams are constructed
from electron and impurity lines. It has become clear
in recent years that summation of the standard dia-
grams is extremely complex for a broad range of
problems (conductivity of two-dimensional metals,
thick wires, calculation of correlations between levels
in a limited volume, etc.) owing to the divergences of
the type2

f dK (1)

that appear at low frequencies w.

These divergences result from the existence of diffu-
sion modes that appear formally on summation of a
certain infinite sequence of diagrams.

It has been proposed that the above problems be
solved by a supersymmetry method that makes it possi-
ble to escape the bounds of ordinary perturbation theo-
ry. In this method, integration can be carried out at
once over the electron lines and the problem can be re-
duced to investigation of a Lagrangian that describes
only the diffusion modes. The basis for all the proposed
calculations is description of the interaction of the elec-
trons with a random potential with the aid of the field-
theory Lagrangian

(2)

The ground state of the Lagrangian (2) at co=0 is
strongly degenerate. Any supermatrix Q of the form

1 <W-T-
B-i«> r.
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dr.

In (2), if> is an eight-component vector that has boson
and fermion components, v is the density of states, H0

is the kinetic energy, and

\-C °]A-(o -i)>
where the / are unit 4 x 4 matrices. The Lagrangian
L (2) yields the usual perturbation-theory series on ex-
pansion in the interaction.1 The use of both boson and
fermion components produces the necessary reduction
of the corrections applied to the impurity lines (the bo-
son and fermion loops are of different signs). The La-
grangian L (2) is similar to the Lagrangians that arise,
for example, in superconductivity theory. Analysis of
(2) indicates that, as in superconductivity, symmetry is
spontaneously violated in (2) with the appearance of the
averages3

(3)
<?«8=(*a*B>-

The matrix Q in (3) contains both boson and fermion
elements. Such matrices have come to be known as
supermatrices. The definition and properties can be
found in the review in Ref. 4.

(4)

satisfies the self -consistency condition (3). Degeneracy
of (4) results in the appearance of Goldstone (at o>=0)
excitations. These excitations are described by the ef-
fective Lagrangian

See Ref. 4 for definition of the supertrace SSP. The
effective Lagrangian Lett is a generalized nonlinear
supersymmetric a model. The symmetry of the matrix
Q may change under the action of magnetic and spin-or-
bit interactions.

The Lagrangian (5) has now been investigated in two
problems:

1. Conductivity in two-dimensional metals. In this
problem, the gradient in (5) is two-dimensional. The
renormalization-group equations that relate the effec-
tive diffusion coefficient Dttt to frequency were written
and solved. It was shown that as the frequency de-
creases, Dt{{ also decreases for scattering by ordinary
and magnetic impurities. If there are no magnetic in-
teractions, but spin-orbit interactions are present, Dttt

increases.

2. Correlations between levels in a metal ivith lim-
ited volume.' This problem corresponds to the zero-
dimensional limit in (5). The gradient term can be ne-
glected. Simple integrals are evaluated instead of the
functional integrals with the energy (5). It has been
shown that the level correlation function depends on the
prescence or absence of magnetic and spin-orbit inter-
actions and agrees in three possible cases with the re-
sults obtained by Dyson6 in the phenomenological theory
of levels in complex systems for orthogonal, unitary,
and simplectic ensembles. The calculation made in
Ref. 5 represents the first direct verification of Dy-
son's statistical hypotheses.
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N. F. Shul'ga. Development of electrodynamic proc-
esses in space and time at high energy. Several new ef-

fects that may unfold in the interaction of high-energy
particles with matter have recently been predicted.
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They include, among others, effects of intensive radia-
tion of above-barrier and channeled particles in a crys-
tal, acceleration of electromagnetic-shower develop-
ment in crystals, amplification and attenuation of radia-
tion intensity, formation of electron-positron pairs,
and ionization losses at high energies in thin films of
matter (see Refs. 1-3 and their reference lists). It is
characteristic of all these processes that they unfold in
large regions of space along particle pulses and that
the effectiveness of the interaction between the particles
and atoms of the medium differs in these regions from
the effectiveness of interaction of the particles with
isolated atoms. Since the lengths on which the electro-
magnetic processes develop at high energies may be
macroscopic, it is necessary to know what happens on
these lengths.

E. L. Feinberg4'5 drew attention to a number of inter-
esting features of the temporal development of the state
vector of a system consisting of an electron and a pho-
ton after the electron has been scattered through a
large angle by an atom. It was shown, for example,
that the electron remains in a "semibare" state for a
long time after scattering, substantially without its in-
trinsic normal Coulomb field, and that in subsequent
collisions of such an electron with atoms of the medium
its radiation is suppressed as compared to the radiation

"in the case in which the electron has had time to form a
field.

The characteristic scattering angles of a relativistic
particle in motion through the matter are small. Anal-
ysis of the radiation of a relativistic electron in matter
indicates in this case that on small-angle scattering the
intensity of the radiation from the "semibare" electron
in matter may be either higher or lower than the inten-
sity of the radiation in a rarefied medium.3

The time interval A£ = 2eVm2w during which the elec-
tron is "semibare" increases rapidly with increasing
particle energy t and with decreasing frequency u> of the
radiated photon; therefore it is always possible at large
enough e and small w to satisfy the condition VA£» T,
under which an electron in flight through a layer of mat-
ter of thickness T will interact with all atoms of the
medium in the "semibare" state. In this case the spec-
tral density of the radiation is determined by the total
angle of scattering 3 of the electron by a plate and does
not depend on the shape of the particle's trajectory in
the medium1:

do> 3n \ 31n(-y2fl!);
(la)

where e is the electron charge and y = c/m (the velocity
of light is assumed equal to one). At small angles of
scattering of the electron by the plate (3«y~1) the inter-
ference of waves radiated on stripping and formation of
the electron's intrinsic field after scattering becomes
significant, so that dE/du~d2 at small angles. But if
y3»l, there is practically no interference effect in the
radiation; dE/du is then nearly independent of 3.

The spectral density of the radiation (1) must still be
averaged over the angle distribution of the particles
emerging from the plate. In the case of an amorphous

medium, the mean-square angle of scattering of a par-,
tide by the plate is determined by the relation 32

am= tT/
E2L, where e = 4ir- 137m2 and L is the radiation length.
In. this case, relation (la) gives with logarithmic accu-
racy the Bethe-Heitler result for the radiation spectrum
of a relativistic particle in an amorphous medium.
When a relativistic electron moves in a crystal at a
small angle if to one of the crystallographic axes, the
correlations between successive collisions of the elec-
tron with lattice atoms become significant. A result of
these correlations is that in a broad range of angles $,
the mean-square angle of scattering of particles by the
crystal greatly exceeds the mean-square scattering an-
gle in an amorphous medium (Ref. 6), ^"NO^, where
N=R/$d, R is the screening radius of the atom, and d
is the distance between the atoms along the crystal axis.
In this case, according to (la), the intensity of the elec-
tron's emission in the crystal will be N times higher
than the emission intensity in an amorphous medium.
The intensification of the electron's emission in the
crystal as compared to the amorphous medium is due to
interference of the waves radiated on stripping and for-
mation of the electron's intrinsic field.

The inequality y252«l is violated as the thickness of
the plate increases, and much sooner in a crystal than
in an amorphous medium. At •y252» 1, according to
(lb), the emission intensity becomes almost indepen-
dent of T.6 This means that when y252» 1, the intensity
of the radiation is practically independent of the number
of particle collisions with atoms of the medium, i.e.,
the emission (bremsstrahlung in the amorphous medi-
um, coherent emission in a crystal) of relativistic par-
ticles is suppressed in a thin layer of matter. A simi-
lar effect was observed in the 1970s in a study of the
interaction of high-energy hadrons with heavy nuclei
(see, for example, Refs. 5 and 7 and the bibliographies
included). Thus, it was found that the average multi-
plicity of the fast particles formed on collisions be-
tween hadrons and nuclei is independent of the number
of nucleons in the nucleus. Various models have been
advanced to describe this effect on the basis of an anal-
ysis of the temporal development of hadron-nucleon
collisions at high energies (for example, models in
which the cross section of subsequent collisions of the
particle with nucleons of the nucleus is assumed to be
smaller than the cross section in the first interaction
event). It is possible to verify in electrodynamics some
of the hypotheses that have been advanced in studies of
hadron-nucleon collisions at high energies. For exam-
ple, an analysis of the temporal and spatial develop-
ment of the emission of relativistic particles in a thin
layer of matter indicates that the interaction of the par-
ticle with atoms of the medium cannot be considered at
the level of independent-collision cross sections within
the limits of the coherence length because the collision
interference effects are lost. Nor does it appear that
this approach can be used in a study of hadron-nucleon
collisions at high energies (see also Refs. 5 and 8 in
this matter). The appearance of similar relationships
in electromagnetic interactions of fast particles with
matter and hadron-nucleon collisions at high energies
gives hope that the methods used to analyze the tempo-
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ral development of electromagnetic processes at high
energies might be extended to other areas of physics.
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Yu. L. Sokolov and V. P. Yakovlev. Measurement of
the Lamb shift in the hydrogen atom. Measurement of
the Lamb shift in the hydrogen atom is one of the most
important tests of quantum electrodynamics. Although
measurements of 6 have been made for more than a
quarter-century, beginning with the classical Ref. 1, it
should perhaps be acknowledged that progress in im-
provement of accuracy has been very modest. We now
have the following experimental and theoretical values
of 6 [MHz]:

Sexp = 1057.862 ± 0.020', 6theor— 1057.912 ± O.OH *,
6exp = 1057.845 ± 0.009 3, 6,heot= 1057.864 ± 0.014 s.

As we see, these values are scattered outside the
random error limits, and accuracy does not exceed 0.01
MHz. This evidently precludes speaking of the exis-
tence of disagreement (or agreement) between the the-
oretical and experimental values. The accuracy with
which 6 is measured must be improved.

This paper reports measurement of the Lamb shift
on a "Pamir" system with the aid of an atomic inter-
ferometer, which makes it possible to observe the sta-
tionary interference pattern of two phase-shifted 2p (or
2s) components of the hydrogen atom.6 The interferom-
eter consists of two plane-parallel capacitors with a
longitudinal electric field that are separated by a vari-
able gap I. An atom in the metastable 2s state (compo-
nents with the total angular momentum F= 1 were first
removed from the beam) in flight through this system at
velocity v is subject to the action of the nonadiabatic
fields in each capacitor, and this results in mixing of
the states (2s1/2, F=0),(2p1/2, F=l) and (2p3/2,.F=1).
The dependence of the escape probability of 2p atoms
after traveling through the interferometer on the length
/ [or on the proper time of flight T = (l/v)^l -(v2/c2)] is
determined by the free evolution of the 2s and 2p states
in the gap between the capacitors, where there is no
field. The difference between the probabilities for two
opposite field values in the second capacitor is simplest
in form:7-8

F (T) = exp I ^-) (A cos (2nv7-+cp)-(-Bcos (Znv^ + qJ);

here T is the lifetime of the 2p state, v is the frequency
of the transition (2sl7 2 ,F=0)-(2pw2,^=1), and Vl is
the fine-splitting frequency. The parameters A, B, <pit

and <p2 are determined by the action of the field in the

capacitors and do not depend on /.

Using least squares, the theoretical F(T) curve was
fitted to the experimental points by adjustment of the
parameters, including v/v, which contains the transi-
tion frequency of interest to us. When the velocity of
the atoms remained constant, reduction of the initial
data enabled us to find v/v with accuracy no worse than
5 ppm. With velocity drift, the interference curve de-
forms, does not agree with the F(T) relation, and
therefore cannot be processed.

Stabilization and measurement of the velocity consti-
tute the most difficult part of the experiment and im-
pose the basic limitations of the method. A beam of
neutral atoms was produced by charge transfer from
~20-keV protons, which were passed through an analyz-
ing magnet, to molecular hydrogen. Strict collimation con-
ditions ensured high velocity uniformity of the atoms enter-
ing the interferometer (±v /v ~ 2 • 10~6). The velocity was
determined from the experimentally established decay
length IO=VT of the 2p atoms and the theoretically cal-
culated lifetime of the 2p1/2 state, T= 1.596185-10"9

sec.7'8 The error in T is estimated to be of the order
of magnitude of a few ppm.

The procedure used to exclude systematic errors
consisted of repeated modification of the apparatus and
comparison of the resulting interference curves. The
resolution of the apparatus, both with respect to veloc-
ity and frequency v, was determined by minor variation
of the proton velocity. The sensitivity threshold is
within the limits of the accidental errors of measure-
ment of v.

Over two hundred F(T) measurements were made
with interferometers of three different modifications.
The values found for v on reduction of data meeting the
constant-velocity selection criterion (42 cases) form a
compact group with an average value

v = 909.9014 ± 0.0019'

(the error was assumed equal to one standard devia-
tion). The corresponding value of the Lamb shift is

8 = 1057.8594 ± 0.0019.

These data are encouraging from the standpoint of fur-
ther accuracy improvement. The statistics must be im-
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