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the Eliashberg function a?F and Coulomb pseudopotential parameter u*
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The superconducting thermodynamic properties of V3Si are calculated with the use of the tunneling
results of Bangert, Geerk, and Schweiss (A =2.21, u*=1.3) and those of Kihistrom (A=0.9, u*=0.1). It
is found that Kihistrom’s result gives a good description of the thermodynamics, while the a?F and the p*
of Bangert et al. do not. This implies that »* is small and so spin fluctuations do not play a significant role.
We also find that the tunneling o F with 0.8 < A < 2.21 does not describe well, within the standard theory,

the observed far-infrared behavior of V;Si.

Recently, Bangert, Geerk, and Schweiss' published the
first tunneling results for the electron-phonon spectral func-
tion o2(Q)F(Q) (Fig. 1) and the Coulomb pseudopotential
1" in an 415 V;Si sample with superconducting 7, equal to
14.0 K. Their spectrum had a A =2 j;;" dQ a?F/Q of 2.21
and u* was found to have an extremely high value of 1.3.
This large value of u* was interpreted by Bangert er al.! as a
possible indication for the presence of spin fluctuations
(paramagnons) in V;Si. However, in independent tunneling
measurements on three 415 V-Si samples (7,=10.1, 14.8,
15.4) Kihlstrom? obtained a?F spectra with shapes similar to
the one found in Ref. 1, but with much smaller \’s
(A=0.76 £0.15, 0.91 £0.07, 0.89 £0.06), and an order-of-
magnitude smaller u®s (u*=0.14£0.07, 0.14 £0.06,
0.11 £0.04). Such a large discrepancy between the two sets
of tunneling results on V3Si is unsettling. Certainly, the
correct @?F and u* must yield the observed thermodynamic
behavior. In this Brief Report we present the superconduct-
ing thermodynamic properties calculated from the two tun-
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FIG. 1. Tunneling «?F’s of Bangert eral. (Ref. 1) (solid line)
and of Kihistrom (Ref. 2) (dashed line). The crosses give
constx G(Q).
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neling results for «?F and u* in V;Si, and compare them
with the experimental results of Muto et al.> We also calcu-
late, taking for the transport electron-phonon spectrum
a2 (Q)F(Q) the tunneling oF’s, the far-infrared behavior
of V3Si and compare it with recent experimental results of
Perkowitz, Carr, Subramaniam, and Mitrovic.* The effects
of paramagnons are discussed and we conclude that their
role in determining the physical properties of V3Si is small.
We also point out some effects of a sharp peak in the elec-
tronic band density of states N(e) near the Fermi level,
which has long been assumed to play an important role in
V,3Si (e.g., in the temperature dependence of magnetic sus-
ceptibility, in degradation of 7, with disorder, etc.).

The superconducting properties were calculated within
standard Eliashberg theory.’ Our results for the reduced
[and N(0) independent] thermodynamic quantities are
given in Table I, together with the experimental values. In
Table 1 H.(T) is the thermodynamic critical field at tem-
perature T, y is the coefficient of the linear term in the
normal-state specific heat, AC is the jump in specific heat at
T., and A, is the zero-temperature gap edge. In Fig. 2 we
show the calculated thermodynamic critical-field deviation
function D(8)=H.(T)/H,(0)—(1—¢£), t=T/T,, for the
two spectra together with the experimental result.?

Clearly, the a?F and the p* obtained by Bangert ef al. do
not give the observed thermodynamics of V;Si, while the
tunneling results of Kihlstrom give a fairly good description
with the remaining differences between the theory and the
experiment possibly coming from the fact that the thermo-
dynamic measurements® were done on a better sample
[T.=16.7 K, resistivity p(T=17 K)=5.74 . Q cm % 5%].
We wish to point out that a slightly better fit to thermo-
dynamic properties was obtained by us in a previous publica-
tion,’ with a?F set equal to constX G(Q) (A=1), where G
is the generalized phonon density of states obtained from
the neutron scattering experiments on V3Si at T=77 K
(Fig. 1), and with p*(w.=250 meV)=0.15. Thus, there is
a field of values for (a?F,u*) which can fit the thermo-
dynamics of V3Si, but the a*F and u* from Ref. 1 certainly
fall outside this range. One may erroneously argue that if
pair-breaking spin fluctuations were explicitly included into
the calculation of thermodynamics with the spectrum of
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TABLE 1. Calculated and experimental superconducting thermodynamic properties of V3Si.
Bangert et al. Kihlstrom
(Ref. 1) (Ref. 2) Experiment
A 2.2852 0.9022
4 =f0+°°dn a2 (Q)F(Q) 22,06 meV 9.5 meV
(w) =24/x 9.65 meV 10.59 meV
Qax (maximum phonon energy) 44.5 meV 42.24 meV
w, (cutoff energy in Matsubara sums) 222.5 meV 253.44 meV
p¥(w,) 1.3 0.1018
T, (calculated) 18 K 154 K Maximum 17.1 Kb

T, [aH (T

| 2.11 R 91°
H_(0) dT ¢ 1.93 197
(BCS value 1.74)

T. ’ 0.141 0.151 0.153¢
YI'H,(0) : : )
(BCS value 0.168)

AC/yT, 2.43 1.97 2.01¢
(BCS value 1.43)

20/ kg T, 425 3.89 3.76 +0.14

(BCS value 3.53) 3.8¢

3.8

3.4-3.68

3.3h

3.2-3.61

aValues read from graphs in Refs. 1 and 2.
bReference 6.
‘Reference 3.
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FIG. 2. Thermodynamic critical-field deviation function D (¢) cal-
culated from a?Fand p* in Refs. 1 and 2. Heavy dots give the ex-
perimental values of Muto et al. (Ref. 3) 1=T/T,.

dReference 7.
¢Reference 8.
fReference 9.

BReference 10.
hReference 1.
'Reference 2.

Bangert et al., one would come closer to the experiment, for
example, D (1) could be reduced to the observed weak to
medium coupling shape. The point is that if paramagnons
are present, the electron-phonon spectral function obtained
from inversion of the tunneling data is an effective one, re-
lated to the true a®F by a?F/(1+\g),!12 where A is the
spin-fluctuation mass-renormalization parameter. This scal-
ing relation is valid provided that the characteristic paramag-
non energy () is significantly larger than the characteristic
phonon energy,'® which should presumably be the case for
V,Si considering its large value of 7,. Also, the Coulomb
repulsion parameter u*(w.) deduced from tunneling data
contains information about spin fluctuations. It is approxi-
mately given by

[ (Qg) +Agl/ (1 +0)
T+ {lu*(Qg) + A/ A+ 20} In(Q/w,)

w o) =

Thus, if paramagnons were present in V3Si, the o?F and u*
of Bangert er al. (and those of Kihlstrom) would already be
dressed by the electron-paramagnon interaction. To include
spin fluctuations in the calculation of thermodynamics with
these a?F and p* would be double counting. In fact, as
demonstrated by Daams, Mitrovic, and Carbotte!! our
results contain in full the contribution from paramagnons (if
any), because they are based on the tunneling results for
a?F and p*. Since the tunneling results of Kihlstrom give a
good fit to thermodynamics of V3Si, and since his »* has a
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FIG. 3. Calculated and experimental relative transmission

Tie(w) in the far infrared of a thin V;Si film. o is the radiation
frequency (in cm~1!).

usual value (0.1-0.15), we conclude that spin fluctuations
play a minor role (if any) in determining the physical prop-
erties of V;Si. Thus, the source of a large discrepancy
(about a factor of 2) between the value of N(0) obtained in
the band-structure calculations and the one needed to ac-
count for the measured y (with A =1) has to be sought
elsewhere. Perhaps the explanation of this discrepancy
given by Testardi and Mattheiss!* in terms of a rapid varia-
tion in N (e) near the Fermi level is the correct one. They
argue that the high 7, samples correspond to the composi-
tion V;_,Si with small x > 0: then, in the rigid-band pic-
ture, the resulting shift of the Fermi level (about 35 meV
for V,44Si) leads to a large increase in N (0).

We have also calculated the relative transmission Ty (w)
in the far infrared of a thin V;Si film, using for aiF the
spectrum of Bangert et al. with two values of \: A=2.21
(solid line in Fig. 3) and A =0.8 (dash-dot line in Fig. 3).
The calculations were performed within Allen’s theory (as
described in Ref. 15) assuming a constant N(e), and the
impurity scattering rates were adjusted to achieve the exper-
imental values* !¢ of T,y in the zero-frequency limit. We do
not find that the two calculated curves give a good fit to the
experimental results of Perkowitz er al.*!¢ (heavy dots in
Fig. 3). Reducing A from 2.21 to 0.8 (the lowest value
found by Kihlstrom) slightly improves the fit at high fre-
quencies, where the experimental accuracy is about 5%, but
makes it worse in the range of low and intermediate w’s.
Thus, either a2F in V;Si has more weight at low Q’s than
the tunneling o?F’s,'® or one ought to include the energy
dependence in N(e) when trying to account for the ob-
served Ti(w)." In Fig. 3 we also show the fit t0 Ty (w)
from Ref. 15 (dashed line) with a2F set equal to const
xG(Q) (see Fig. 1) and with a suitably chosen n,(e)
=[N(e)+N(—e)l/2.

It was suggested in Ref. 15 that tunneling experiments
should look for a negative tail in the inverted «?F in the
multiphonon region (i.e., for Q > Q.) to decide whether
or not a peak in N(e) near the Fermi level plays an impor-
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FIG. 4. The effective a?F (negative tail not shown) and the actu-
al input o?F.

tant role in V;Si. If negative tails are found, then the in-
verted a?F is only an effective spectrum, distorted from its
actual shape due to neglect of variation in N (e) during the
inversion procedure.!”!® This is illustrated in Fig. 4. The
solid line is the effective a?F (the negative tail is not
shown) obtained by inverting, within N (e)=const theory,
the normalized tunneling conductance calculated with
a’F=constx G(Q) (crosses in Fig. 4) and with a peak in
N(e). For N(e) we used a triangular shape symmetric
about the chemical potential superimposed on a constant
background. The base of the triangle was 60 meV and the
height twice the background. Note that (a?F)er has a more
relative weight at low Q’s than the true input a?F. Of
course, if we included the assumed shape of N(e) into the
inversion procedure, we would get back our input a?F. The
relation between (a?F ).y and o?F in Fig. 4 is similar to the
relation between the tunneling a?F’s and constx G(Q).
Thus, a part of the observed decrease in «?(Q) with in-
creasing {} may be due to the neglect of a peak in N(e)
during inversion. Unfortunately, the «?F of Bangert et al.
does not even extend to Q... (reasons for this were not
given in Ref. 1), and Kihlstrom? found that the inversion
program could not be made to converge when the extra en-
ergies (above Q.) were included. Hopefully, future tun-
neling experiments will be made to probe the multiphonon
region and shed more light onto the effects of nonconstant
N(e).

In conclusion, we have found that the tunneling results of
Kihlstrom describe well the thermodynamics of supercon-
ducting V;Si, while those by Bangert eral. do not. The
values of w* obtained in Ref. 2 suggest that the paramag-
nons do not play an important role in V3Si. We found that
the tunneling a?F’s do not explain, within the standard
theory, the detailed shape of the relative transmission
Trel(w) in the far infrared of a thin V3Si film. This is in
contrast to the better fit obtained previously with an
energy-dependent electronic density of state.
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