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f3(x) is the Kawabata function'o for 3D disordered system,
D is the electronic diffusivity, r = r„/4r&, r, is the inelastic
scattering time, rp=t+0. 5(1+VI—y). For y &1, the
modification of expression (1) is straightforward. Numeri-
cal results for several values of t with D =1.2 cm~/s are il-
lustrated in Fig. 2.

(b) Electron interaction in the particle-particle channel":

&/~

g(T,H) C3(y) (3)

The function 43(y) is given in Ref. 5 with y =2DeH/
m ck~ T. The factor ~ is included for strong spin-orbit
scattering. g is the interaction parameter in the "particle-
particle channel, "4

g & 0 for attractive interaction and g & 0
for repulsive interaction leading to negative and positive
magnetoresistance, respectively.

A rough estimate of the contribution from orbital effect is
made by taking the diffusivity D —1 cm /s and g -0.2 for
normal metals. The result account for less than 4% of the
total magnetoresistance at H=85 kOe and above -3 K.
In fact, the experimental data (with exceptions for H & 30
kOe at T =0.7 K) shown in Fig. 1 follow the trend of the
theoretical curves depicted in Fig. 2. Thus, a first-order
comparison with localization theory can be made to deter-
mine r„and ri(T) provided D is known. The simplicity of
this procedure (with only two fitting parameters) leads to a
rather unambiguous determination of the inelastic scattering
rate and a better understanding of the scattering processes
involved. The electron diffusivity can be determined from
conductivity o. = e~N(0)D, where N(0) is the total density
of states at the Fermi level. For Lu75Pdq5, N(0) is estimat-
ed to be —0.6 states/eVatom using information on the s
and d band occupancies in Lu (Ref. 11) and the shape of
the density of states in liquid La.' We obtain B=1.2
cm~/s for Lu75Pd$5 ~ The data were fitted to expression (1)
for H & 30 kOe at T=0.7 K and for H & 60 kOe for T & 3
K. An overall good fit is obtained if one increases the
theoretically predicted strength of localization by —20%.
This discrepancy will be discussed. The results are shown
by the solid lines in Fig. 1. We obtain from curve fitting
the spin-orbit scattering time v„=3& 10 ' s and the ine-
lastic lifetime of conduction electrons v&= 1.9& 10 ' T ~ s.

IO-9—

~ o-Lu75 Pd

The results for r&(T) are shown in Fig. 3. Vertical bars
denote uncertainties in our curve-fitting procedure. It is
noted that at low temperature (0.7 K), the data are insensi-
tive to the choice-of t and thus 7I.

Let us now comment on the orders of magnitude of the
physical parameters v„and v &. The spin-orbit scattering
time r„ in some metallic glasses can be determined from
critical-field results. It was shown that the value of v„ob-
tained compared well with the trend predicted from atomic
calculations. ' ' For nonsuperconducting Lu-based glasses,
one can then estimate using Ref. 14 that r„—10 '4 s, in
good agreement with our present finding. The lifetime of
conduction electrons is limited by electron-electron and
electron-phonon scatterings. For the former process,
Schmid" showed that for impure metals, the inverse life-
time is given by

mE~ + (43/2) (I/kpI)' '(E' '/E' ')
8Ef

where E=k~T, E~ is the Fermi energy, kp is the Fermi
wave number, and I is the electronic mean free path. Berg-
mann' and Takayama' derived an expression for the elec-
tron lifetime because of the electron-phonon scattering in
impure metals. The inverse lifetime (ii/r, ~„)= (2n a/
kpl ) (ks T) /foi~, where the coupling constant n = 1 and own

is the Debye frequency. To compare with experimental
results in Lu75Pd~5, we take for the Debye temperature
Ho ——140 K," EF ——1 eV, and kpl =2 (free-electron
results). This yields

I/r, ~t, = 10'aT' s-'

I/r~ =(4.46X10 T +4.2 XIO T ') s

Our results indicate that I/r, =5.2X109T~ s '. Thus, the
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FIG. 2. hp/A p~ vs h for different values of r obtained from Eqs.
(1) and (2). D is chosen to be 1.2 cm /s.

FIG. 3. logs~ vs logT to determine the temperature dependence
of the electronic lifetimes for amorphous Lu75Pd~5 and Zr4OCu6o al-

loys. Data are derived from Fig. 1 and results in Ref. 8. Vertical
bars denote uncertainties in the curve-fitting procedure.
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electron scattering processes in our alloys are clearly dom-
inated by electron-phonon scattering for temperatures above—0.7 K.

To account for the deviations observed at high fields
( —85 kOe) and in low temperatures ( —0.7 K) in Fig. 1,
the orbital effect on localization needs to be considered.
Comparing our data to the theoretical curves given in Fig. 2
suggests that the interaction is attractive. At T=0.7 K, we
obtain g = —0.4 using expression (3) and data shown in
Fig. 1 (vertical arrow). For attractive interaction mediated
by electron-phonon interaction, g '=I/X+ln(HD/8),
where 8=max(ksTDeH/c). This gives A. = —0.13. The
electron-phonon interaction parameter A.,~h is given by
A.

—p, '. Taking the Coulomb pseudopotential p,
' to be 0.13,

one obtains X,~h =0.26. This low value of Ih.,~hI accounts
for the absence of superconductivity in the Lu alloys. The
temperature-field dependence of g and 43 [Eq. (3)] is also
found to account for the reduced deviations above 0.7 K in
high fields.

Earlier, attempts were made to separate the four contribu-
tions to magnetoresistance in amorphous Zr4oCu6O (with su-
perconducting transition temperature T, at —0.2 K) alloys. '
It was noted that good fits to localization theory could only
be obtained if a rather long spin-orbit scattering time
7„=2.5 &10 ' s was introduced. The latter is an order of
magnitude longer than that expected for the 4dmetals. ' It
should be noted, however, that the spin-orbit parameters A.„
for the Zr-Cu alloys' determined from critical fields are-2. This suggests that r„(al/X„T, ) for Zr4oCu6o (T,
=0.2 K) should be a factor of 10 higher than those ob-
served in Zr alloys (T, =4 K)." For Zr4OCu6O, however,
only qualitative comparison with localization theory is possi-
ble since a quantitative description of electron interaction
(b) and superconducting fluctuations in high fields is still
lacking. 2 Discrepancy between experimental results and that
predicted from localization theory is about 10-20%. Using
results from Ref. 8, one obtains I/~; = 10 T2' s ' as shown
in Fig. 3. This is in qualitative agreement with results based

.on electron-phonon interaction.
Returning to the question of discrepancy (-20%) be-

tween experimental results and theoretical predictions, we
can only make the following conjecture. It was recalled that
in n-InSb, the strength of the observed localization effect

was half of that expected from theory. ' This reduction in
strength was attributed to electron-electron correlation ef-
fects characterized by a Coulomb screening parameter F
(varies from 0 to 1 in the conventional theory). On the
other hand, a negative E might have the opposite effect.
Recently, negative values of F were reported for granular
Al. Implications of the latter and its effects on localization
await further theoretical investigation. We also find it
necessary to have F & 0 for explaining the order of magni-
tude of p(T) in our Lu alloys. Combining electron-electron
interaction' and localization effects on resistivity in zero
field, the variation in magnitude of the latter between 0.5
and 4 K can only be explained if F= —0.6. The departure
from T' behavior in the Lu75Pd25 is due to strong spin-
orbit scattering. On the other hand, p(T) in Zr4OCu6O (weak
spin-orbit scattering) varies as T' ' up to —9 K. Using data
from Ref. 8, a value of E = —0.05 is obtained by fitting
p(T) to the electron-electron interaction theory. ' It is also

'emphasized that we have used the measured values of the
electron diffusivity [derived from a and N(0)] in our
analysis.

In summary we have performed magnetoresistance mea-
surements on amorphous Lu-based alloys. The simplicity of
the system permits a direct comparison with localization
theory. It is shown that the transport properties in metallic
glasses can be described by weak localization (kFI&1).
Values of the spin-orbit scattering rates obtained from dif-
ferent measurements are in good agreement. Inelastic
scattering are dominated by electron-phonon processes at
temperatures above —1 K. A discrepancy of —20% is ob-
served which is attributed to attractive electron-electron
correlation. The negativity of the screening parameter E is
not consistent with the present status of the theory.
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