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A disordered system ofinteracting electrons is analyzed by the renormalization-
group method. It is shown that the metal-insulator transition occurs against the
background ofa spontaneous change in the spin density.

1. Attempts have recently been made to describe the metal-insulator transition in

a disordered system by the renormalization-group (RG) method as in the theory of

second-order phase transitions. For free electrons this approach was realized in Refs.

l-3. The interaction of diffusing electrons is very strong,2 and it greatly complicates

the problem because of frequency mixing. The author constructed a scheme for calcu-

lating the Coulomb interaction in the RG equations,3 which permitted examininga's

the behavior of the system in the presence of magnetic impurities and in the presence

of a magnetic field, when the Zeeman splitting is large. In these cases, the resistance of

the film (d : 2) becomes infinite as a result of renormali zation, and for d > 2 the RG

equations have an unstable fixed point which corresponds to the metal-insulator tran-

sition.

The renormalization-group equations (d :21 have recently been derived6 in the

absence of magnetic interactions, when the scattering by impurities is a purely poten-

tial scattering (both the Coulomb correlations and the contribution from cooperons

were taken into account). These equations were derived working from the scheme

suggested by Finkel'shtein.3 We encountered a qualitatively new situation: When a

certain scale is reached, the constants describing the interaction of electrons diverge

(logarithmic pole), whereas the resistance remains finite. In this case, there is a tenden-

cy for the spin density to change: As the pole is approached, the spin susceptibility

diverges, while the coefficient of spin diffusion approaches .Zero. The difference from

the situations examined in Refs. 4 and 5 arose due to the spin diffusion modes, rather

than due to the inclusion of cooperons. Since these modes are completely suppressed

by spin scattering and partially suppressed by Zeeman splitting,T the electron system

turned out to be "prepared" for localization in the presence of magnetic interactions.

If, on the other hand, there are no external actions, then the localization occurs against

the background of a spontaneous change in the spin density. In this paper we discuss

the role of spin fluctuations for d : 2 * e(e >Ol.

2.The disordered system is described by the following set of quantities: the con-

stant density of states v; the difusion coefficient D; the parameter z, which takes into

account the renormalization of the frequency3'a and the amplitudes (21 - f zl, fz, and

f., which describe the interaction of electrons. The quantity Qf -f2) describes the

interaction of fluctuations of the density of particles, ft describes the spin density, and

l'c takes into account the interaction of cooperons. The FermiJiquid corrections and
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the static screening are incorporated into these amplitudes (the case of the interaction

Coulomb, i.e.. the long-range, interaction is examined). With renormalization, the

relation 2.t,1--vI r-2, is satisfied.3 This situation corresponds to the condition of

incompressibility of the electron liquid.

In lowest order with respect to €, we can write the renormalization-group equa-

tions as followso:

I  l + w  
- l

d s l d t  = -  e s  +  2 C ' 1 5 -  3 -  l n ( l  + l t ) l ;
L w t

d w l d l = g ( l + w ) 2  ( 1 )

d l n z  I  d t  =  ( -  I  +  3 w )  |  ( t  +  w ' 1 2

where ur : vfz/z; $ : lnQ.o/)" ) (2 is the cutoff momentum) and g : )' d - 2/(2tl2vD is

a dimensionless parameter proportional to the resistance of a specimen with dimen-

sions z -A -t.In (l) and (2) the contribution of the amplitude f" has been dropped,

since it is unimportant in the lowest-order approximation with respect to e.6

In Ref. 6 the correlation function of the spin density X{q,ol:y, D, q2/

lDs Q1 - r'ar) was calculated and the spin susceptibility X" and the coefficient of spin

diffusion Dr were foundr)

X s  =  l i  2 G ' r y ) '  v z ( l + w ) ;  D s  =  D  I  z ( l +  w ) .

Taking (2) into account, we find

xs  =  t l 2k7u ) ' v6+v r f , ) f (w ) l f (w ) ;  f (w )  =  (1+w)4exp [ -aw lQ  + ] t )1 ,

where uo : vf l is the seed value of vfr. In this approximationX" depends only on ur,

which is determined by Eqs. (l). The trajectories g(rr) of Eqs. (l) are shown schemati-

cally in Fig. l. For small values of go Bo is the initial value of the parameterg), the

trajectories g(u,) reach 8 : 0 for finite values of ul' However, for values of go, which are

higher than a certain value of g^, the trajectories change: For such trajectories we

have u* cc , so that glO. An important point there is that at go) g^ the divergence of

u, (and therefore of ;s) occurs for a finite value €: €.,Eo,vf 31.

3. Thus, if the seed conductivity is low (go 1g- ), then when, a scale f., is reached,

there is a tendency for the spin density to change: Xs+a ' while Dt--0' although the

conductivity o:2e2vD remains finite. What is the further development at €>8.,?
Because of the fluctuations of the composition, the sample contains regions where the

instability develops earlier and islands oflocalized spin density appear. These localized

moments magnetize the remaining electrons. Since the decrease in magnetization with

(2)

(3)

rt

FIG. 1.
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the distance r is determined by the same processes that lead to the renormalization of

{1s, we findys -l//) g(rlf(w)w(r) (in the case of a good metal, wheng(r)-l 
-d, 

this
value was obtained in Ref. 9). The slow decrease in magnetization suppresses the long-

wavelength spin-diffusion (and cooperon) modes because of the separation of the Fer-
mi surface of electrons with diferent spin projections, and the development of the
instability stops. With an impurity concentration of n-n" (n" is the concentration at
the transition point; n. corresponds togo:g.)the direct exchange,ro which leads to
antiferromagnetic interaction of the angular momenta, is important. As a result, the
ferromagnetic interaction resulting from the indirect exchange will be blocked.e The

subsequent (E>9",) behavior of S6) is therefore described by the equation

, l s l d E = - e g * 2 , z t  ( 5 )

which was derived for the magnetic impurities. Equation (5) has a fixed point g: g",

which corresponds to the metal-insulator transition. We finally obtain the following
picture: Near the transition, the Coulomb correlations lead to the formation of a
random spin density wave, against the background of which the metal-insulator tran-
sition occurs.

4. Figure 2 shows schematically the behavior of g(f ) for diferent values of go. The
solid lines show the solutions of (l) up to {=f., and the dashed lines represent the
solutions of (5). The dot-dashed curve shows the position of g". The transition occurs
at go: g. such that the condition g(€.,) : g" is satisfied when f.. is reached: Curves 4
and 5 describe the metal and the insulator, respectively, very close to the transition.
Curves l-3 illustrate the behavior of the spin susceptibility . At go4g^ (curve 1) a" has
a purely Pauli character; atgo<g- (curve 2)X" differs from the Pauli curve due to the
increase in w; at g^ 1Eo<B" (curve 3)7" contains a Curie-type contribution due to the
formation of localized moments.

Measurements have shownrr that in the metallic phase in the region n" <n32n"
y, does not satisfy the Pauli law and has an appreciable Curie component.

The picture described above was based on the fact that the amplitude f, increases
most strongly with renormalization. Since (2f - f 2), which describes the behavior of
the charge density, also diverges in the limit €-€", (although more slowly than f�rl,
another type of transition can also occur. We assume that at go=g^, the charge
density changes simultaneously with the change in the spins. The conductivity in this
case vanishes due to pinning. Since the trajectory which emerges from go: g^ corte-
sponds to finite conductivity, a vanishes almost discontinuously near the transition in
this case.
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It was found in Si:Pt2 that for (n-n")/n"-lVo the sign of the temperature

correction to a changes. In explaining this fact it was assumedr2 that the screening

radius r"". diverges near the transition. It was later found3'r3 that since the compress-

ianty 0Ntilpt, which determines the quantity /,"., does not contain large diffusion

corrections, this explanation is not valid. The author assumed that the sign of do/

dT,t2 changes because the change occurring here near the transition is similar to the

one described above. To resolve this problem we need data on the spin susceptibility of

these samples. Unfortunately, such data are not available at this time.

The author thanks D. E. Khmel'nitskii and A. I. Larkin and useful discussions.

rlEquations (3) were obtained independently in Ref. 8, where the model ofRef. 3 was discussed again for the

Land6 factor gr :0. In this casi the magnetic field acts only on the cooperons and suppresses them. At

d:2 Xs in this case diverges as a result of renormalization (see the Appendix in Refs. 6 and 8).
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