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A semimetal in a strong magnetic field is considered. It is shown that the ground
state of such a system is unstable and that a metal-insulator transition takes
place, the restructuring of the ground state being due to plasma instability.

PACS numbers: 71.30.+h, 71.35.+z

Keldysh and Onishchenko!'! have calculated the ground-state energy of a
homogeneous electron-hole liquid in a strong magnetic field H> 1 at densities
A2« pn«<A-3, where A<« 1 is the magnetic length. They have shown that the
ground-state energy has a minimum at n=nqy~ X"18/7, with E,..,y~nt/4 at A2
«n<«< X8/ and Ep/y ~1nn at A8/3 «<n <« X%, The transition of such a liquid into
the state of an excitonic dielectric was considered inf2=4), It was shown inf34],
in the “parquet” approximation, that the spectrum of the elementary excitations
has a dielectric gap. The results of these studies are valid in the density region
A"8/3~y «< A3, We consider in the present paper the density region n,<n < A~%/3,
We shall show that the homogeneous ground state is unstable and that a density
wave with momentum 2pp is produced in the system along the magnetic field,
and at the same time a dielectric gap is produced in the elementary-excitation
spectrum. The gap equals A=€,/15 at n =, and decreases exponentially with
increasing density. If the electron and hole masses are equal, then the ampli-
tude of the electron density wave is equal to the amplitude of the hole density
wave, and their phases coincide, and since these waves correspond to opposite
charges, there is no charge-density wave in the system. On the other hand if
the electron and hole masses are not equal, then the electron and hole density
waves are likewise unequal, and a charge-density wave is produced. We note
that in our density region the appearance of a dielectric gap in the elementary-
excitation spectrum is not due to pairing of electrons and holes from different
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+ + + + FIG. 1. Sequence of principal
diagrams for I'(p,p’, k).
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bands, as is the case in an excitonic dielectric, [2=%! but is due to plasma in-
stability of the ground state. In a strong magnetic field H> 1 the transitions
between the Landau levels can be neglected, and then the electron dispersion
laws become one-dimensional and take the form
_ Pu2 p;— . p% Pllz
el(p)'T _2_0 €2p = e—— = T e
my m,y 2”"2 2m 2
The results are valid also for electron-hole drops in semiconductors in a
strong magnetic field. We shall henceforth use the system of units e/Ve=#% =my
=1 and assume that c=m,/m;=1, We consider the class of diagrams that are
principal for the complete two-particle vertex parts T' 40, p’, k), where a, 8
=1,2 are the numbers of the bands of the interacting electrons, p and p’ are
the momenta of the incoming electron ends, and % is the transfer momentum.
A distinguishing feature of one-dimensional systems and of a system in a
strong magnetic field is the presence of several channels, which produce
logarithmic divergences. The result is that at » 2 A=8/3 the diagrams for
T'os(p,p" k) constitute a class of diagrams, called a “parquet,” which was con-
sidered in»4J), It will be shown that at n,<n < A-8/3 the class of principal
diagrams for T ,(p,p" k) is much simpler. We separate in T,, the vertex part
that is irreducible in the Coulomb line V(k) =4/ 1k|? and designate it
Tos®,p" k). In the density region ny<n<A-8/3  the principal diagrams for
T'4s will be those shown in Fig, 1. The interaction lines in these diagrams
correspond to the screened Coulomb potential U=V/[1 —(II{? + I{") V], where
n{? is a polarization operator, for which an expression is given in"), Let us
explain why the principal diagrams for I' ;3 will be those in Fig. 1. Elaboration
of the diagrams v, of Fig. 1(a) via “scattering” channels (diagrams of the
ladder type) give rise to a factor p3! In(€ z/A). We shall show that this factor is
small in the density region considered by us, by using for the gap the final
equation A=8€,exp{(872A%5/v)}, where y ~ —n~3/4, 6] We obtain
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at n << A-8/3,

On the other hand, elaboration of the diagrams for vy, via the “annihilation”
electron-hole channel with a momentum transfer &, =2p, (Figs. 1b, 1c) yields a
factor on the order of unity YyTI'®(A,2pz) ~y(A2pp) -t In(€ o/ A) ~ Y (A% )t (A2 /)
~1, This makes it necessary to take into account for T' 4 the entire sequence of
diagrams of the type ihown in Fig. 1. It is this sequence of diagrams which is
the principal one for I'ys. It is important that v,4(, p’, k) does not depend on p,
or p/, since the single-particle Green’s function G(p) does not depend on p,. It
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is easily seen that the main contribution to the integral with respect to
g=(w,qy, Q) for voa(p,p’ k) (Fig. 1a) is made by w ~at/%; g, ~Iq |~n'/*>pp
and therefore y,4(p ,p’ ,#) can be regarded as a constant if p,, py, |kl<n!/4and
the frequency components of these momenta are much smaller than n!/2, As-

suming v,z to be constant, we obtain a system of two algebraic equations for
T .5(k)

2
Loty =(V(k) +y,g) + ﬁz, (V (k) +yo g )UgIk)Tgig (k), (1)
=1
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Solution of the system (1) yields:
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Calculating the integrals (2) for v, we find that
Y= Via* Yy = 2¥ g~ —n" 4 2% g% [T (% )12 (o) (4)
f(=1

For the case of equal masses o0=1 we obtain I{? = I§V =11y, =yy == vy =v/4,
and the expressions for the vertices simplify to

V(I—Hy)+~ly v+ L
4 Y
R » T, = — . (5)
(1= = yH)(1 - 2VI) (1-— y I)1-27M)
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The poles in the vertices Tyg(k) are determined by the equation D=0, For the
case of equal masses, the pole of the vertex parts I' (k) corresponds, as a
result of the vanishing of the expression 1-3yII(k) =0, where k= (Q,k,=2pp,
k,=0), to instability of the ground state and to the formation in the system of a
density wave with momentum k,=2pp.

The expression for the pole is

81r2)\2pF 25 , n A 6
=8£F exp ——4(70) . (

Qo = Bepexpi-
|yl

At n=n, we get Q =€;/15. The restructed state can be obtained by writing down
the Gor’kov equations, which is done in standard fashion. The solution of these
equations introduces into the spectrum of the elementary excitations of the
restructured state a dielectric gap A equal in magnitude to A= ;. We note that
atn=ny we have A=€,/15 and we have only a numerical smallness of the gap

in comparison with the Fermi energy, but this numerical smallness makes it
possible to reconstruct the state in standard fashion without any additional com-
plications. Results similar to those obtained here are valid also for quasi-one-
dimensional systems, for which the ground-state energy was calculated inf®,
We note that the electron gas on the positive compensating background, has no
instability, in contrast to the electron-hole liquid considered in the present
paper.

In conclusion, the authors thank L.V. Keldysh for numerous useful
discussions.
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