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ABSTRACT

Effect of electron-electron interaction and of magnetic field on the one particle density of states
(DOS) is considered for two and three-dimensional weakly disordered metallic systems. High order
corrections to the Green's function is taken into account by means of Dyson equation. By summing up
infinite series of diagrams in magnetic field for the DOS, it is shown that in two and three dimensions the
dependences of the DOS on the magnetic field and energy are nonlinear and it is obtained that at the Fermi
level when energy, reckoned from Fermi level, goes to zero the DOS vanishes for both dimensions.

Density of States in Magnetic Field:

The energy dependence of the DOS of electronic system can be calculated as
dk
@n)
the same expression for nonhomogenous systems (e.g. in the presence of an magnetic field) is given by

vi@(e) = 25(8(];) —&) or by using Green’s function as v (g) = ——g]m I G, (S,E) and
k V.4

2 s . . : :
v@(g) = ——;ImGR(rI ,F,€), where Gy is total retarded Green’s function averaged over impurity

concentration. It is defined by G,(p,w) = [w -&(p) - 1'/21]~l ;

As it is known, main contributions to the physical properties of disordered systems in the weak
localization theory are connected with two singularities: First appears in the diffusion propagator,
characterizing an electron-hole pair with small difference of the momenta q and of the energies w,
(Diffusion pole). Other singularity is due to propagation of electron-electron pairs with small sum of the
momenta Q and small difference of the energies (Cooper pole).
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Altshuler and Aronov calculated the self-energies, showing in Fig. 1, to get a magnetic field
dependent quantum correction to the DOS.
We have calculated the DOS in an cxternal magnetic field. High order corrections to the

Green's function is taken into account by means of Dyson equation (A. A. Abrikosov, L. P. Gor'kov and 1.
E. Dzyaloskinskii, 1963)

G(e.P)= ! )

Gy (el ) Yie P)
where Z((:, f’) is the sum of all self-energies. In the presence of a magnetic field the Dyson equation
written in the real coordinate space is ‘

G(F.7',8) = Go(F.F',6) + [Gy(F.F,,6) Y (7. 7y, €)G(7, 7' 6) @)

In our calculations we have used, particularly, the self-energies drawn in Fig. 1. High order
corrections to the Green’s function looks as a infinite series shown in Fig. 2.
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First of all let's calculate the first correction of Fig. la'. The expression corresponding to this diagram is

[d, [d, [dF, [dF, [dF, [dF,G (7.F, )Gy (.7 )Gy (7. Foo )G (7 F o €)
X G (P& = @)GY (7o Fos € = )Gy oy 18 = 0)C,y (oo @)C, (s Py @)A, (B ) ®

the main problem is reduced to calculation of cooperon C, (F,F',@) in magnetic field. We define
Cooperon as

C,(F7)= Z/l,,(w)w,,(r)w( g 4)
FF')= 2,1 @), (F)y () ®)
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Co(F P @) =l 6(F = F)+u’ Y. Cy (7,7 w)C, (F L F' @) (6)
where CO(F,F,)=GA(F,F,,€)GR(F,F,,8+(U) @)

Substituting (4) and (5) into Eq. (6) and using orthogonality of {W”(F)},
(ie. Yy, (P’ (F) = 8¢ ~7") (@) = — hen C,(F,F",@) b
. r F'Y=06(F -F' we get @) =————— then C (F,F'\w ecomes
! . Wq ‘//,I ) € ge 0 ]—n,uzl?l((u) d @

P (F)

CN(F,F')=n,uzz—ﬁW' Y. ®)

7 1= n,uz/lf”(w)
After using quasi-classical condition G™(F,7', @)= exp{J? i% ]Z(f )dl }G""’ (F-7,w)
and (7), we get i
[, - F',w)exp{i’—f ]',Z(E)ds’}w" (F)dF'= 2 (@), (F) ©)

By expanding Z(E) and y, (F') in (9) about r to second order the eigenvalue becomes

A(w)=1- 4ID(QJ(n + lJ +iwt +1Dq!
hc 2 ° (10)
Substituting (10) into (8) we get
Ly} Py 5
C, .7 0)=2xv, ) J'.‘i‘l_ Yoak EWoas, 7 an

na ° 27 —iw+qu+~£~(2n+l)

H
In the presence of magnetic field 1.(§,26 -w) is screened by cooperon given by
expression (11). Asaresult, at T=0
-1
-il2¢ —w|+ml_(n+ ;)+ Dgq!

A(G2e-w)=|2 ~In (12)

&

where 1, is bare interaction constant and &, = ¢,. for Coulomb repulsion.

After calculation the cooperon (11) and the screened Coulomb interaction (12) in the
presence of magnetic field, other parts of Eq. (3) can be converted into momentum space. The

self-energy part differs from (3) only by neglecting GZ(p,€) in (3). As a result we get for the
self-energy part ) (p,¢)
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tanh il +tanh @
(L,,//) Sy
>.(B. )——ﬁzeBDGA )fd“’ d" S 4(e-w.Bgq,) 2r =L a3)

2
- [— iw+Dql + [[z) (2n+l)il

<11

Then, by using the Dyson equation in momentum space for the DOS we get

vd(eBT)——;lmj TP S (G )" (G,f(e,ﬁ))f=—%Im§ﬁ%‘“(e) (a9

(2n)' =

where, B(g,T; B) is the self-energy (13) without G (p,¢), S = Lzﬂo and
T

Ly 1)} tanh b d + tanh w=g
2iD “dw (dg, a1y

,Bo(s,T;B)———z— Z 2.2 -w,B,q.) 27 2r = (15)
Ly 02m 27 4= : ) . D
—iw+ Dg: +1—2(2n+1)

“H

for 2D system integration over ¢, vanishes.
d'p , TR k(2k =1)!
g =V ) 2k :

j(z (G @) (Gl ) =4 2 s

where, A((,‘” = —-Vf,‘l). The sum over & in (14), after taking into account Eq. (16), can be taken exactly

InEq. (14) A" (e) = (16)

a7

vy (&, B,T)=v{" — 4" Im{ Bu(e.T;8) }

J1=4iB, 1+ 1=4iB,)

The Eqs. (15) and (17) are the central results, which are obtained by summing of infinite series of
diagrams in magnetic field for the DOS.
Let us consider point like interaction when A_ does not depend on neither @ nor {q:,n}.

Then in three dimensions Eq. (15) gives at &€ >> T

5/2
(2] s
£ ) B

Bo(e,B) = const —————=iA.C, = (18)

hc )
gl =
2eB

in two dimensions we getat £ >> T
2

=ilC,— (19)
£

~ A.Dh
Lo(g,B) = const g;L"

H

where C; and C; are constants. Substituting into Eq. (17) we obtain in three dimensions
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BZ
4Ly =
Vi (&,B)=vy —4v,, = (20)
B’ B’
l+4’lcCl ;.W |+ |+4/1‘.C| ;_TZ
in two dimensions
BZ
2.C5 5
- £
V3 (&,B) = vy, —4vg, (210

B B?
1+44.C, |1+ [1+44.C,
& &

It can be seen from Egs. (20) - (21) that the dependences of the DOS on the magnetic field B and energy
are nonlinear ones.

At the Fermi level when £ — 0 the DOS vanishes for both dimensions.
REFERENCES

1. Abrahams, E., P . W. Anderson, D. C. Licciardello and T. V. Ramakrishnan, Phys. Rev. Lett., vol. 42,
pp. 673, 1979.

2. Abrahams, E., and T. V. Ramakrishnan, J. Non-cryst. Solids, vol. 35, pp- 15, 1980.

3. Abrikosov, A. A, L. P. Gorkov and l. E. Dzyaloskinskii, Methods of Quantum Field Theory in
Statistical Physics, Pergamon Press, New York, 1963.

4. Anderson, P. W., Phys. Rev., vol. 109, pp. 1492, 1958.

5. Altshuler, B. L., and A. G. Aronov, Electron-Electron Interactions in Disordered Systems Edited by
A. I Efros and M. Pollak, pp. 1-153, Elsevier Science Publishers B. V., 1985.

6. Altshuler, B. L., D. E. Khmelnitzkii, A . 1. Larkin and P. A. Lee, Phys. Rev., vol. B22, pp. 5142,
1980.

7. Altshuler, B. L., and A. G. Aronov, Solid State Commun., vol. 38, pp. 11-15, 1981,
8. Efros, A. L., J Phys., vol. C9, pp. 2021, 1976.
9. Efros, A. L, and B. 1. Shklovskii, J. Phys., vol. C8, pp. .49, 1975.

10. Fukuyama, H., Electron-Electron Interactions in Disordered Systems Edited by A. I. Efros and M.
Pollak, pp. 155-230, Elsevier Science Publishers B. V., 1985,

11. Gorkov, L. P., A. I. Larkin and D. E. Khmelnitzkii, JETP Lett., vol.30, pp. 248, 1979.

12. Kawabata, A., Solid State Commun., vol. 34, pp. 431, 1980a.
13. Lee, P. A, and T. V. Ramakrishnan, Rev. Mod. Phys., vol. 57, pp. 287-337, 1985.



