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Magnetoresistance due to enhanced electron-electron interactions in amorphous Ca7p(Mg, A1)3Q
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We report measurements of the temperature and magnetic field dependence of the resistivity of
Ca7QMg»A1» and Ca7pA13p amorphous alloys, in temperatures down to 0.18 K and fields up to 6 T.
The values of B/T are such that we enter a regime where enhanced electron-electron interactions
become at least as important as weak localization. Analysis of the data shows that current theories
continue to be applicable in those very weak spin-orbit scattering systems, even when B/T is as
high as 23 TK

Recent measurements' on a number of free-electron-
like amorphous metals (Ca-A1, Ca-Mg-A1, Ca-Mg, Mg-
Cu, and Mg-Zn) have shown the extent to which the
quantum correlations to the conductivity (QCC), known
as weak localization (WL), ' and enhanced electron-
electron interactions (EEI), quantitatively describe the
magnetoresistance in highly disordered three-dimensional
conductors. It was found that at low fields (B/T~0. 5

TK '), where only WL contributes to the effect, the
theoretical expressions described the data within error,
but that as the field increased (so that EEI became pro-
gressively more important) significant differences between
theory and experiment were found to occur except in the
one alloy system (Ca-Mg-Al) where the spin-orbit scatter-
ing rate v, ,' was less than, or of the order of, the electron

wave-function dephasing rate ~& . The origin of the
discrepancy could not be determined, but one way to test
the theories further is to increase the upper limit of BIT
(in the above reference only values up to 1.8 T K ' were
used) by going to lower temperature and higher field.

In this Brief Report we present magnetoresistance
measurements on two amorphous alloys in the
Ca7o(Mg, A1)3Q system in a range of B/T where the upper
limit has been extended by over an order of magnitude to
23 T K '. The measurements were made down to 0.18 K
where the contributions from EEI are approximately of
the same order as from WL, so that these measurements
apply a much more stringent test of QCC than the earlier
work. ' Furthermore, because v&

' saturates at low tem-
perature, the only contribution to the temperature depen-
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FIG. 1. Total magnetoresistance of (a) Ca7pA13p and (b) Ca7pMg»A1». The points are the experimenta1 data and the solid line a fit
taking into account both weak localization and electron-electron-interactions contributions. Temperatures are indicated in the
figure.
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g parameters of Ca7pMo a7pMg»A1» and Ca7pA1

P

a7pM a7p 13p. (Error p +5%

(pO cm)

7p 1 . ~ o 7 and Ty + 10%-)

Ca70A 130 308
308
308
308
308

0.18
0.38
0.78
1.43
4.24

1.5
1.5
1.5
1.5
1.5

0.29
0.29
0.29
0.29
0.29

1.13
1.13
1.13
1.13
1.13

0.86
1.21
1.44
1.18
0.59

Ca7pMg15A115 122
122
122
122

0.272
0.675
1.48
4.24

3.0
3.0
3.0
3.0

0.24
0.24
0.24
0.24

0.98
0.98
0.98
0.98

0.47
0.61
0.46
0.42
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~&, ~... and F are listed in Table I. The spin-orbit
scattering time and dephasing time are in excellent agree-
ment with the results presented in Ref. 1. In this temper-
ature range, ~& is almost constant for both samples,
perhaps because of residual spin scattering from magnetic
impurities present in the alloys. The screening factor,
however, is smaller than the predictions of the free-
electron model implying a reduction in the screening of
the Coulomb interaction as the motion of the electrons is
very diffusive in these high-resistivity samples.

A further point emerges from the saturation of the WL
contribution below 4.2 K. Below this temperature any
change in the magnetoresistance is controlled by EEI.
The EEI contributions are thus shown in Fig. 2 by sub-
stracting WL contribution at 4.24 K from the data. In
this way the effects from EEI are clearly displayed
without reference to any detailed theory. That the HEI
theories account satisfactorily for this contribution is
shown by the solid lines, which were calculated using
values of Fobtained from Table I.

The temperature dependence of the resistivity of
Ca70A130, between 0.03 and 4.24 K, is shown in Fig. 3.
The solid line is a fit to the data using EEI contribution
only [Eq. (2) in Ref. I]. The WL contribution is small
and can be neglected, since the temperature dependence
of the resistivity comes through the dephasing time v4
which is constant, as mentioned earlier. As for the mag-
netoresistance, the fit is excellent over the full tempera-
ture range, though the screening factor is smaller, the
best fit being obtained for F=0.1, as compared with the
value obtained from the magnetoresistance.

In conclusion, we have shown that QCC work very
well in very weak spin-orbit scattering three-dimensional
conductors up to very high 8/T values. The saturation
of the WL below 4.2 K allowed us to clearly demonstrate
the contribution of the EEI to the magnetoresistance in
bulk disordered conductors. The spin-orbit and dephas-
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FIG. 3. Low-temperature resistivity of Ca,OA1, 0. The points
are the experimental data and the solid line a fit using electron-
electron interactions expression (Ref. 1).

ing times were extracted from the fits. The latter is found
to be constant, for both samples, in this temperature re-
gime. The values of the screening factor are small and
consistent with the EEI theory.
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