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We report on a comprehensive study of the Hall coefficient, RH, in disordered three-dimensional

In&O& „ films as a function of the magnetic field strength, temperature, and degree of spatial disor-
der. Our main result is that, at sufficiently small fields, RH is virtually temperature, field, and disor-
der independent, even at the metal-insulator transition itself. On the other hand, at the limit of
strong magnetic fields, RH has an explicit temperature dependence, in apparent agreement with the
prediction of Al'tshuler, Aronov, and Lee. For intermediate values of fields, RH is field and temper-
ature dependent. It is also shown that the behavior of the conductivity as a function of tempera-

ture, o {T), at small fields, is qualitatively different than that measured at the limit of strong magnet-

ic fields. The low- and high-field regimes seem to correlate with the respective regimes in terms of
the Hall-coefficient behavior. It is suggested that the magnetotransport in the high-field limit is con-

siderably influenced by Coulomb-correlation effects. However, in the low-field regime, where both
correlations and weak-localization effects are, presumably, equally important {and where both
theories are the more likely to be valid), is problematic; neither RH nor o {P gives any unambiguous

evidence to the existence of interaction effects. This problem is discussed in light of the experimen-

tal results pertaining to the behavior of RH( T) in two-dimensional In203 „ films as well as in other
disordered systems, It is argued that, as far as RH is concerned, the effects of weak localization and

Coulomb correlations may not be additive.

I. INTRODUCTION

Our understanding of low-temperature transport prop-
erties in disordered metals has progressed considerably
over the past decade. Extensive theoretical and experi-
mental investigations' led to new concepts regarding two
major aspects of charge transport in disordered media;
Anderson localization and Coulomb interaction effects.
Triggered by the seminal papers of Abrahams et al. and
Altshuler et al. the literature in this field has expanded
at a high rate with attempts to elucidate the various
specific effects predicted by either approach. It became
evident that, in general, two distinct contributions to the
low-temperature transport coexist: Those that may be
ascribed to the single particle diffusive motion in a ran-
dom potential and those that reflect the underlying
Coulomb interactions in the presence of static disorder.
Following the current terminology, we refer to the form-
er as weak localization (WL) and to the latter as
Coulomb-correlation (CC) effects. A specific effect due to
WL is, e.g., the low-field magnetoresistance associated
with suppression of backscattering. Such an effect is
found in most disordered metals and semiconductors and
in systems with reduced dimensionality it may be unam-
biguously ascribed to WL due to its anisotropy. A
specific CC effect is the single-particle density of states
anomaly which is also quite commonly found. On the
other hand, corrections to the dc conductivity, ~, pre-
dicted by these theories, are more difficult to analyze:
Both approaches often predict similar behavior. It has

been sometimes claimed that by combining magnetoresis-
tance and conductivity versus temperature data, the two
"components" may be disentangled. Implicit to such a
procedure is the assumption that the two contributions
superimpose. A critical test of the theories (and, in par-
ticular, the assumption of "superposition"), is the de-
tailed behavior of the Hall coefficient, RH. According to
WL theories there are no specific corrections to RH
which is expected to be temperature and disorder in-
dependent. CC theories, on the other hand, predict that
there will be corrections to RH that are, specifically,
twice the respective corrections to 0.. If the effects due to
these two mechanisms do, in fact, simply add up, it
should be possible to tell, independently of other mea-
surements, what is the relative contribution of each
mechanism to o by considering o ( T) in conjunction with
RH(T) data.

While the relevance of Hall-effect measurements to
these issues was immediately recognized, relatively few
results have been reported in the literature. Further-
more, in most cases, strong magnetic fields were em-
ployed in the measurements such that L& & L;„
[LH = (ch /eH)' is the magnetic length and

L,„=(Dz;„)'~ is the inelastic diffusion length where D
and ~,„are the diffusion constant and inelastic mean free
time, respectively]. In this limit of high field it is usually
found' ' that RH is temperature dependent. The low-
field limit (namely, LH ))L,„) received much less atten-
tion. In 2D (two dimensional) In&03 (Ref. 15) and Pd
(Ref. 16) films that were measured using relatively weak
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fields, RH was found to be temperature independent. In-

terestingly, in both systems, prominent density-of-states
anomalies were found in tunneling measurements. '

There is no contradiction between the existence of CC
effects in the tunneling experiments and a temperature in-
dependent RH (that might be interpreted as no contribu-
tion from CC effects to the dc conductivity): The density
of states probed by tunneling is the nonequilibrium value,
E(0), whereas the conductivity involves the "thermo-
dynamic" density of states. It is nevertheless surprising
that the CC contribution to the conductivity may be as
small as the Hall measurements would appear to suggest.
In theory, CC corrections to conductivity and RH may be
very small if the material relevant parameters happen to
be "right. " But In&03 „and Pd are quite different sys-
tems (charge density in Pd is higher by 2 orders of magni-
tude) which makes it unlikely that the small corrections
to R~ in both systems result from a coincidental choice
of parameters.

In this paper we report on the behavior of RH and o.

for 3D In~03, samples measured as a function of tem-
perature and disorder. Emphasis is given to RH(T) mea-
sured at extremely weak fields (H ~ 160 Oe) where it can
be demonstrated that the variation in Rz is much smaller
than anticipated by CC theories. We then show that RH
measurements on the same 3D InzO, , samples, using
higher magnetic fields (up to 7 T), give quite different re-
sults. In particular, it is shown that the prediction of CC
theories is approached at sufficiently intense fields. We
discuss these results as well as those obtained on other
systems to question the validity of the "superposition
conjecture" alluded to above.

II. EXPERIMENT

of the two opposite current directions. Signal averaging
was shared between the lock-in amplifier and the statisti-
cal features of a HP 3456A digital voltmeter connected to
the PAR 124 dc output. With this arrangement, V&
resolution of the order of 2 —10 nV was routinely
achieved. A typical average value for V& was =1 pV
giving a basic accuracy figure of the order of 0.2 —1%.
All our measurements in this regime include readings at
160 Oe as well as at 100 Oe to ensure that RH is field in-

dependent. It was also ascertained that the longitudinal
current used in the measurements is small enough to be
in the Ohmic regime by repeating each measurement at a
lower current than the nominal value used. The
relevance of these steps will become clear below.

For the high-field RH measurements we employed a
standard dc technique. The samples were mounted per-
pendicularly to the field direction of a 7-T superconduct-
ing solenoid and the Hall voltage was obtained as the
average of the two perpendicular field directions. This
method was considerably less accurate than that em-
ployed for the low-field regime discussed above. Typical
VH resolution with the dc method was 5 pV. This resolu-
tion resulted in low quality data for H(0. 5 T but it is
quite useful for higher fields since V& is then ~100 pV.
Conductivity versus temperature measurements were
made by a standard 4-point dc technique. Temperature
was determined by means of either gas thermometry or
by a calibrated linear resistor.

III. RESULTS AND DISCUSSION

Figure 1 depicts o ( T) data for several metallic samples.
At the range of temperatures shown it is found that the

The In&03, films used in this study were 2000 A thick
and had carrier density, N, of 2 X 10' cm to 9 X 10'
cm (as determined by room-temperature Hall measure-
ments). Full details of sample preparation and character-
ization techniques are given elsewhere. ' In the follow-
ing, different samples are labeled by their room-
temperature conductivity, o.RT or by their KFI values cal-
culated through

EFI =(3n ) fi(RH )' 'craT/e'

The low field RH and conductivity measurements were
made in a standard He glass dewar that was mounted
within the air gap of a split-coil electromagnet. The
latter was energized by an alternating current power sup-
ply operating at a fixed frequency of 13 Hz. The max-
imum intensity of the field used with this arrangement
was 160 Oe (rms). A dc current was maintained along
the sample (which, typically, was 15 long and 6 mm wide
strips with two opposite sets of voltage contacts along-
side) and the ac transverse voltage was fed to the
differential input of a PAR-124 lock-in amplifier. The
latter was phase synchronized to 90' of the voltage in-
duced in a small pick-up coil mounted on a teAon sample
holder. This pick-up coil was also used to monitor the
field strength in situ. The Hall voltage, V&, was derived
by properly summing the final readings obtained for each
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FIG. 1. Conductivity vs temperature for typical "metallic"
(o o & 0) In~03 „samples.
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data may be fit to o(T)=oII+ AT" with x =0.5+0. 1.
The dependence of the fitting parameters O.

o and A on
disorder is described in Figs. 2 and 3, respectively, for
nine conducting (o o) 0) samples. Some relevant parame-
ters for these samples are listed in Table I. Though it has
no important bearing on the main issue of this paper, we
note that o 0 goes to zero with disorder in agreement with
the behavior observed in other systems. Figure 3
deserves more attention: It is noted that A does not
show any systematic dependence on disorder over a con-
siderable range. This means that the temperature depen-
dent part of the conductivity is roughly constant, in-
dependent of disorder, for conducting In203 samples.
A similar observation was made before on other 3D sys-
tems by Dodson et al. and by Bishop et al. ' This obser-
vation leads to an immediate difficulty in trying to ascribe
the observed cr(T) to CC effects. Interaction theories'
predict the following 0 ( T) for a 3D disordered metal:

g(T)=go+ AI '(k~T/AD)
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where k~ is the Boltzmann constant and AI is given by 10-1
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F ' = ——"[I+3F/4 ( I +F—/'2) ]F . (lb)

300i-

F is the screening parameter that depends on the Fermi
wave vector and of the screening length. We estimate
that F=0.64 for In&03, which, using Eq. (lb) gives
F31 =0.2. From Eq. (1) and the expression
D =(3m )A /3me 0 ttTX

'~ one can estimate the value
of A expected by CC theories. The calculated A's are
plotted in Fig. 3 along with the actual experimental re-
sults. The functional temperature dependence (i.e., the
value of x), as well as the order of the magnitude of A,
seem to be in good agreement with the theory. On the
other hand, the dependence of A on disorder is less satis-
factory. It may be argued that the observed discrepancy

FIG. 3. The dependence of the fitting parameter A on the
room-temperature conductivity for the nine samples of Fig. 2.
The theoretically expected value for A [based on Eqs. (1), (la),
and (lb) in text] is depicted by the dashed line.

between theory and experiment is not compelling enough
to give a reason to be concerned. But the detailed behav-
ior of the Hall effect of these samples does: Interaction
theories predict that RH will exhibit a temperature-
dependent correction term similar to that of 0(T) but
with twice the magnitude of the latter. Namely, it is ex-
pected that 5RH/RH =25rr/cr. If, as might be inferred
from Fig. 3, most of the temperature dependence of o is
ascribed to CC effects, one must also expect a certain
change of RH with temperature. Our results, however,
show that when measured at sufficiently weak fields, these
corrections are absent. RH(T) data for several samples
(both, conducting and insulating for comparison) are
shown in Fig. 4. In all cases, RH was also measured at
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O

TABLE I. Some relevant parameters for the samples studied
in Figs. 2 and 3.
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FIG. 2. The dependence of the extrapolated, zero-
temperature conductivity, o.o, on disorder. The solid line is
given by o o

= 141(KF1 —0.80) .".

5.90
9.05
4.80
4.17
7.14
4.03
4.55
3.60
2.85

301.2
181.2
119.4
87.3

103.7
74.8
72.5
64.8
60.3

3.55
1.86
1.51
1.16
1.13
1.01
0.94
0.91
0.89

303.8
158.0
89.3
53.1

77.0
44.0
32.2
29.8
23.0
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FIG. 4. Characteristic RH(T) data for two metallic (bottom
curves) and two "insulating" (upper curves) samples in the
liquid He range of temperatures.

room temperature and at 77 K. A list of parameters per-
tinent to the present discussion is given in Table II. It
should be emphasized that the accuracy figures quoted
for the various RH's in Table II reflect the scatter in the
data over the measured temperature range. The sys-
tematic dependence on temperature expected by the CC
theory is not observed in any of these samples (cf. Table
II). The behavior of RH vis-a-vis that of the resistivity of
our samples is depicted in Fig. 5. As we pointed out be-
fore, ' these findings are consistent with the scaling
theory of Shapiro and Abrahams according to which
the temperature dependence of cr is a mobility effect.
Here we shall be more concerned with the apparent ab-
sence of CC contributions to RH and restrict the discus-
sion to metallic samples (namely, samples with K+ I ) 1

for which the theory strictly applies).
Considered in isolation, these data may be interpreted

as an indication that there are no CC corrections to the
conductivity of 3D In20, samples. One may consider
the possibility that the material-parameters, on which the

Sample KFI

8.48
3.61
3.37
2.31
1.86
1.51
1.13
1.01
0.89

RH
(cm /C)

0.103+0.0002
0.193+0.0006
0.082+0.0005
0.122+0.0005
0.108+0.0008
0.174+0.0010
0.139+0.0040
0.252+0.0010
0.347+0.0050

5RH /RH
(%)

0.20
0.31
0.61
0.41
0.74
0.57
2.90
0.40
1.44

25p/p
(%)

5.6
10.4
12.0
13.8
15.6
18.5
20.3
52.0
78.0

TABLE II. Parameters of samples studied in the low-field re-
gime (H 160 Oe). 5RH/RH is based on the uncertainty in the
data over the entire range of temperature studied (1.14-77 K).
These entries should be compared with the respective values of
25p/p in the last column. The latter are based on the prediction
of the CC theory (which, according to Fig. 3, is a consistent pro-
cedure for samples with K+I 3). 5p/p is the measured frac-
tional change of the resistivity in the above temperature range.

Conducting Samples Insulating Samples
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FIG. 5. The variation, with temperature, of the resistivity
and the Hall coefficient of In20, „samples as a function of dis-
order. The upper set of data depicts the resistivity ratio, p (at
1.4 K)/p (at room temperature). The lower set of data illus-

trates the behavior of the Hall coefficient in the same range:
Each "datum line" signifies the range of values measured for
RH( T), at several temperatures in the 1.4-300 K range, normal-
ized to RH measured at room temperature.

fio(T)= gi»i}nT

g (2D) e2/4 2g(2 3F(2D) /2)

F'i '=8(1+F/2)ln(1+F/2)/F —4 .

(2a)

(2b)

theoretical estimates for 5RH/RH in Table II are based
upon, are off the mark (or that the particular version of
the theory we use is inaccurate). There are several ways
to see that the problem is more serious than that. In par-
ticular, it should be noted that the same problem with
RH(T) discussed here for 3D In203 „samples has been
reported before" for effectively 2D ones. The Hall-effect
measurements on 2D samples were carried out with
-200 A thick films that in terms of structural aspects
and carrier density are identical with the much thicker,
effectively 3D samples of the present work. The inverse
of the Fermi wave vector and the screening length
parameter of In~03 „are much smaller than 200 A (be-
ing of the order of 10 cm). One is then well justified in
assuming that the same parameter F must be assigned for
both dimensionalities under consideration. We are not
aware of any version of a CC theory that gives 6RH =0 in
2D and 3D for the same F. To illustrate, let us look at a
specific case. Using Eqs. (1), (la), and (lb) above and our
RH(T) data we solve for F'& ' that is consistent with the
finding 5RH=O. That gives Fii3 '=0. 88 which, by (lb),
implies F=0.96. The 2D variation of Eqs. (1) above
reads'
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Inserting F=0.96 in (2b) gives F '=0.&35. By Eq.
(2), the expected correction to the conductivity of
effectively 2D In203 is given by 5cr( T)
=0.74e /(4' fi)lnT which accounts to about one-third
of the experimentally observed temperature depen-
dence. ' That, in turn, means that RH(T) in Ref. 15

ought to have shown a variation of the order of 20% in
the temperature range 1 —100 K whereas the actual result
was 6RH( T) =0.

Taking into account the finite accuracy of Hall-effect
measurements, ( —1%), the finite range of temperature
studied (1—100 K), which limits the measured variation
in e, one can claim that the RH(T) measurements on

Inz03 samples show that, at least for samples with

EF1 3, CC theories for the Hall coefficient are inade-
quate.

To the best of our knowledge, thin Pd (Ref. 16) and
Cu:SiO„ films ' are the only other systems where a tem-
perature independent RH was observed. A temperature-
dependent Hall coefficient, on the other hand, has been
reported by a number of researchers: Uren et al. ' and
Bishop et al. " studied Si-inversion layers at subdegree
temperatures and fields in the range 0.1 —3 T. Both
groups reported RH(T) in fair agreement with the CC
theory. A similar observation was made by Drewery and
Friend' for 3D Cu, Ti, films at the temperature range
1.24 —25 K (employing 1.3-T field in the Hall measure-
ments). An explicit temperature dependence for RH has
been also reported for granular Al samples' measured
over the temperature range of 1.5 to 80 K and fields of
the order of 9 T and for Ge:Sb samples' measured down
to 8 mK with magnetic fields of 2.7 kOe.

A temperature-dependent Hall coefficient seems there-
fore to be the more abundant result. It would appear
then, that it is the null result observed for Inz03, sam-

ples and 2D Pd films that should perhaps be questioned.
We do not believe that Pd and Inz03 „are the "bad

actors" of transport in disordered media. These materi-
als have been studied quite extensively with regards to
both the relevant transport properties and structural pa-
rameters. In all cases where the interpretation is unambi-

guous, like, e.g., the magnetoresistance or the tunneling
density of states, the results obtained are similar to those
observed in other systems. Instead, we propose to ques-
tion the relevance of the claims that R~ is temperature
dependent in other disordered systems.

We want to explore the possibility that the qualitative
diff'erence in the RH( T) results is due to different measur-

ing techniques rather than different materials. In partic-
ular, we demonstrate below that the magnitude of the

magnetic field used in the Hall-effect measurement may
considerably inAuence the results and thus affect the con-
clusions drawn from the experiment.

From the theoretical point of view, the limitation on
the field strength is quite explicit: H has to be small
enough such that LH))L,„. Incidentally, this is the
range of fields where the magnetoresistance due to WL is
quadratic in the field. To our best knowledge, the only
3D system to date, where this caveat has not been ig-
nored, is the present one. Both, WL and CC theories for
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FIG. 6. Longitudinal resistance as a function of the applied
electric field for sample 9 in Table I.

RH assume "linear response*' and therefore are strictly
valid in the H ~0 limit only. That means that the longi-
tudinal resistance and the Hall resistance are supposed to
be "Ohmic. " At the very least one should verify, then,
that RH is independent of 0 under the conditions that ac-
tually prevail in the experiments before comparison with
the theory is attempted. These requirements are very res-
trictive and place severe limits on the magnetic field as
well as on the longitudinal bias current employed in the
Hall-effect experiment. Restricting the measurements to
very small electric and magnetic fields entails a certain

compromise on the ultimate accuracy. But overlooking
these restrictions, may cause greater difficulties. Figure 6
describes a typical dependence of the resistance on the
applied electric field for one of the samples studied. The
limit on the range of Ohmic behavior is clearly observed.
As might be expected, this problem becomes more severe
with larger disorder or lower temperatures. Biasing the

sample deeper into the non-Ohmic regime is usually ac-
companied by an increasingly poor signal-to-noise ratio
in the Hall measurement. We suspect that this problem
is due to a current-dependent noise generating mecha-
nism. Since the Hall signal scales linearly with the bias
current, the poorer signal-to-noise ratio observed at
higher biases might indicate a noise mechanism that has
a faster-than-linear dependence on current (e.g., shot
noise).

It is more interesting to see what happens when the
condition on low magnetic field is not obeyed. This is
demonstrated in Figs. 7 —11 for a particular sample. The
same qualitative features were observed on three other
samples that have been measured in the high-field regime
described next. Figure 7 depicts the dependence of VH

on the magnetic field at two different temperatures. This
curve bears a remarkable similarity to that observed by
Field and Rosenbaum' on Ge:Sb samples. In particular,
both curves are evidently nonlinear above a certain field.
In fact, it is easy to overestimate the value of the field
below which VH is linear in H from such VH(H) plots:
As can be seen in Fig. 8, RH is field dependent at fields
much smaller than might be assessed by eye balling Fig.
7. This "non-Ohmicity" is not very strong but it is this
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FIG. 9. The fractional change of the Hall coefficient,
5RH =[R„(T=!.9 K) R„(T—=4.2 K)]/R H(

T=4. 2 K) nor-
malized to the respective fractional change of the resistivity for
the sample in Fig. 7.

FIG. 7. Hall voltage as a function of the magnetic field for
sample 6 in Table II.

small effect that may completely change the qualitative
features of the RH(T) data! That is so because 5RH
should be compared with 5p which (in the WL regime) is
usually small too. This point can be illustrated by the ob-
served field dependence of the fractional change in RH
normalized to that of the resistance (over the same tem-
perature range). This is shown in Fig. 9. The following
features are observed. At small fields, 5RH/6p increases
sharply. By extrapolation to zero field it seems conceiv-
able that 5RH/5p will go to zero consistent with the re-

0185
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suits of our direct measurements in the low-field regime.
At higher fields, 5RH/5p tends to saturate at a value
close to 2 which appears to be in agreement with CC
theories. Ben-Shlomo and Rosenbaum have recently
measured RH(T) in 2D In~03 „ films similar to those re-
ported by Ovadyahu and Imry. ' Ben-Shlomo and
Rosenbaum employed fields of the order of several tesla
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FIG. 8. Hall coefficient as a function of the magnetic field for
the sample in Fig. 7.
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FIG. 10. Conductivity vs temperature at various magnetic
fields in the "high-field" regime (same sample as in Fig. 7).



12 296 E. TOUSSON AND Z. OVADYAHU 38

6—

5 $

cr
CC

3

I I I i I

0 10 20 30 40 50 60 70 80
k (kOe)

FIG. 11. The negative fractional change of the resistance as a
function of magnetic field for the sample shown in Fig. 7 (at
T=4.2 K).

in their Hall measurements and found Rz(T) in general
agreement with CC theories. It is recalled that in the
work of Ovadyahu and Imry' (where 5R& =0 was estab-
lished for the first time), considerably weaker fields
(300—1500 Oe) were used.

It is noteworthy that a qualitatively similar field depen-
dence of 5R~/5p (Fig. 9), was reported by Dynes and
by Davies and Pepper for Si inversion layers. Dynes, in
fact, has deduced that 5R& =0 for sufficiently small fields
on the basis of the decline of 5R~/6p with reduced field.

Figure 10 shows cr(T) data for several magnetic fields
(within the high-field regime). The application of the
field is seen to affect o ( T) in a similar way that it does for
Si inversion layer: Up to a certain value, the effect of
the field is to reduce the temperature dependence of o..
Above H =2 T, however, the reverse is observed, namely,
cr(T) acquires a stronger temperature dependence. Fol-
lowing Davies and Pepper we ascribe this evolution to
the delocalizing effect of the field for H & 2 T and to the
growing significance of CC effects (i.e., a positive magne-
toresistance component) with increasing K/T for K
&2 T. From the discussion so far it seems evident that
the qualitative features of R~( T) in other systems may be
obtained with In&03 „samples (in both, 2D and 3D) by
sufficiently increasing the measuring field strength. At
the same time, it is observed that there may be more
reason to question the relevance of such "finite" field data
to the theories that support to account for them. In par-
ticular, one should be suspicious of data taken at "small
fields" which are not small enough. (By that we refer to
data taken in the regime where R& is manifestly field
dependent. ) How small should the field be to qualify as
small enough? As a partia1 answer we venture the cri-
terion: "So small that R& is field independent. " But a

fuller answer is ultimately connected with our original
problem: What is the reason for the apparent absence of
CC effects in the low-field regime? The arguments raised
above concerning the comparison between data in 2D
and 3D of the same material expose a real problem of the
CC theory: The 5R& =0 cannot possibly be explained by
an "accidental" choice of parameters.

A possible clue to the origin of the problem may be ob-
tained by comparing the data in Fig. 9 with the magne-
toresistance of the same sample shown in Fig. 11. The in-
teresting feature observed in this comparison is that
5R&/5p is small in the same field regime where 5R /R is.
This correlation has been noted before by Dynes at a
lower range of fields (cf. Figs. 3 and 4 in Ref. 23). As
remarked above, this is consistent with the condition
Lz »L;„ to be in the low-field regime from the point of
view of WL. In other words, when the field is so small
that WL effects are virtually undisturbed, Rz( T) behaves
in agreement with the scaling theory as if CC effects are
not there. On the other hand, when WL effects are
suppressed, R~(T) does show significant correlation
effects. This observation may suggest that neglecting the
maximally crossed diagrams in the CC forrnal calcula-
tion for the Hall coefficient is essential to the validity of
the formal result. This, in turn, presumably means that
CC and WL effects do not superimpose [at least for the
particular case of R~( T)].

Such an interpretation is, admittedly, speculative but it
seems to be consistent with the experimental evidence.
Note that the condition L~ &L;„ implies that the low-
field regime is given by H & H, with H, ~ L;„. Much of
the confusing state of affairs in this field of research
might be related to the violation of this condition. For
example, the following additional observations can be
qualitatively understood.

(1) For a given range of temperatures and strength of
the measuring field, 5R~~/5p becomes smaller as the dis-
order increases (that causes L;„ to decrease). "

(2) 3D In&03 „samples were measured before at
temperatures T & 12 K. R~ was reported to be tempera-
ture independent up to fields of the order of 1 T whereas
in the present work (where lower temperatures were
used), the same fields result in R~ being temperature
dependent. Further theoretical and experimental work is
clearly needed to clarify these issues and to find out
whether this problem is unique to the Hall coefficient. At
any rate, the anomalous field dependence of R& discussed
above should be borne in mind when analyzing Hall-
effect data. One should be aware of the possibility that
finite-field measurements may grossly affect the qualita-
tive features of the data and, in particular, may give a
temperature and disorder dependent R~ that is not there
when the proper, H ~01imit is taken.
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