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EXPERIMENTAL DETERMINATION OF THE TEMPERATURE-DEPENDENT PENETRATION DEPTH IN V-Si

D. K. CHRISTEN,* H. R. KERCHNER,* S. T. SEKULA,* and Y. K. CHANG*

Solid State Div is ion, Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tennessee, U.S.A.

Small angle neutron d i f f r ac t i on from the f l u x - l i n e l a t t i c e (FLL) in a high qua l i t y , single crystal
of superconducting V^Si Las been used to deduce tne low-f ie ld penetration depth x(T). * An absolute
determination is possible because the FLL fonr. factor F^ i s essent ial ly single-valued in the scat-
ter ing vector magnitude) Knk | , as well as nearly London-like at low f i e l d . We obtain x(0)=102zl nm,
20% to 30% larger than previous determinations of the London penetration depth X[_(0). Tne tem-
perature dependence of x(T) is found to deviate f rcn that of the BCS theory. An assessment of tne
data indicates the most prominent source of the discrepancy is due to strong electron-phonon cou-
p l ing , and we f ind 2A(0)/kgTc=3.88±0.07, in reasonable agreement with values found in the l i t e ra tu re .

The temperature-dependent penetration depth
X(T) is the fundamental length that describes
the spatial var iat ion of a s ta t ic magnetic f i e l d
wi th in a superconductor, and has been the sub-
jec t of extensive invest igat ion in a number of
superconducting pure materials and alloys (1) .
Almost exclusively i t has been determined by
detecting the near-surface penetration of a weak
magnetic f i e l d into bulk or very th in samples in
the Meissner state. Few techniques enable an
absolute determination of X; usually one may
obtain only re la t ive changes with temperature.
The penetration depth also characterizes the
f i e l d decay from the core of an isolated f l ux -
l ine (FL) in a type- I I superconductor in the
mixed state. Here we report measurements of x(T)
in the A-15 compound V^Si. The data are extract-
ed by analyzing the small-angle neutron scat-
tered in tens i ty from the f l u x - l i n e l a t t i c e at
low- f ie ld (2). The technique permits an absolute
determination of X(T), thereby enabling a d i rect
comparison to the predictions of microscopic
theory. In the fol lowing we b r ie f l y describe the
experimental principles", and compare x(T) to the
predict ions of BCS theory and i t s modification
due to many-body ef fects .

The measurements were made on an exceptionally
high-qual i ty single crystal (volume ^0.8crrr)
grown at Oak Ridge. The sample was characterized
to have a superconducting t rans i t ion temperature
Tc=16.8 K, a residual resistance ra t io
R(298 IC)/R(20 K)=30, a cubic-to-tetragonal
st ructura l t rans i t ion below Tm=21 K, and was
found (by TEM) to be free of second-phase precip-
i ta tes larger than 1 - 2 nm. The neutron
scatter ing measurements were performed on the
30-m SANS f a c i l i t y at Oak Ridge with the applied
magnetic f i e l d horizontal and paral lel LO a
< 110> crystal axis. Over a wide range of tem-
perature and f i e l d in tens i t y , the FLL fo r th is
sample is observed to be single c rys ta l . The
microscopic f i e l d p ro f i l e of the FLL can be

obtained from the form factor F ^ , found by meas-
uring the integrated intensi ty l n k in the peaks
of the various order (hk) Bragg re f lec t ions ,

Fhk 2 _ *hk | B"2 Ink- (1)

Here, Knk i s the FLL reciprocal space vector
for the (hk) re f l ec t i on , B is the f lux density,
and C contains well-defined constants of the
experiment. Two observed features of the form
factor in v^Si lead to a straight-forward deter-
mination of a penetration depth: F i r s t , at low
f lux densit ies (e.g. B < 1.1 T at 4.8 K) the
form factors for the various ref lect ions l i e on
a universal curve as a function of K^k* This
means the to ta l microscopic f i e l d is comprised
of a l inear super-position of isolated FL f i e l d s .
Second, the observed functional form of the low-
f i e l d (e.g. B < 0.6 T at 4.8 K) form factor is
London-like,

(1 + (2)

^nus, at sufficiently low f i e ld , the parameter
X multiplying the quadratic K-dependence can be
associated with the f ield decay about an iso-
lated FL. We performed the SAN'S measurements of
the lowest order (10) Bragg reflection at a
fixed B = 0.15 T for various reduced temperatures
t=T/Tc, and used Eqs. (1) and (2) to find x( t ) .

The above empirical observations imply a
local electrodynamic response in V3Si, which is
consistent with the following independent check.
ECS have calculated the ratio X(t)/Xi_(t) vs the
ratio E D A L U ) in Figure 7 of their original
paper (3). Using data for the BCS coherence
length c0 and the London penetration depth Xi_(0)
(4, 5), we anticipate x(0)/X|_(0)=1.0±°o-.co3 in
the clean l imi t . Therefore we compare our data
with theoretical results of the local, London
l imi t .

Figure 1 shows the absolute penetration depth
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FIGL'RF 1. The measured penetration depth as a
function of reduced temperature. The dashed
curve is the BCS London l imit f i t to the data
at high T. The solid curve is the same theory
matched to the low-T results.

as a function of t compared to the BCS theory.
The dashed curve was f i t to the data in the
high-temperature Ginzburg-Landau regime where
A(t)~2=A[_(0)~22(l-t); the f i t yields an apparent
X|_(0)=97 nn. The solid curve was normalized to
the low-temperature data that indicate
X!_(O)=1C2 nrc. It is known that both impurity
scattering and strong-coupling effects can
r e c ' l t in deviations such as those apparent
he-. (6).

h'e have estimated the impurity contribution
usii.g the res is t iv i ty , and the best available
data for 5s e.id the free Fermi surface area
(5, 6), to obtain the impurity parameter
a=0. 8S2io/£=O. 20, where £ is the electron trans-
port mean free path. Within the context of BCS
the deviations cannot be explained by the im-
purity correction alone. This is shown with in-
creased sensit ivity in Figure 2, where the data
are plotted as a normalized deviation function
from the temperature dependence of the two-
f lu id model (1). In fact, to obtain a reason-
able f i t to the data via the scattering mecha-
nism alone requires a-3. 5, well outside the
range of possible error in i ts estimate.

We have included the effects of strong elec-
tron-phonon coupling by the familiar technique
of scaling the temperature-dependent gap where
i t appears in the BCS expressions. This proce-
dure is a good approximation i f the strong-cou-
pling correction factor n^ft) for the gap parcm-
eter A(t) is only weakly temperature-dependent
(5). The result of such a f i t is shown in
Figure 2, where we have included the combined
effects of strong-coupling and impurity scat-
terina. From this we obtain,
A(0)/A(0)Bcs = 'A(0 ) = 1-10+0.02, or
26(0)/kgTc =3.88+0.07. This new value seems to

FIGURE 2. The results plotted as a normalized
deviation function with respect to the two-fluid
model. Solid curve: BCS London l imit . Dashed
curve: BCS theory corrected for tne observed
impurity scattering. Dash-dot curve: BCS
theory corrected for strong coupling as well as
impurity effects.

agree with, but l ie near the upper range of, pre-
vious determinations found by a variety of ex-
perimental techniques (4-6).

From the measured value at low-temperature
(see Figure 1), we obtain the London penetration
depth XL(0) =A(0)(l+1.283Q)-i/2 =91.6±2. 5 nm,
slightly larger than that calculated from normal
state properties, which yield AjJO) in the range
75 nm to 86 nm (4,5). The value XLBCi(0)=57nm,
found using unrenormalized properties calculated
from band theory (6), would imply an anomalously
large electron-phonon coupling constant Aep=1.6.
This observation is consistent with a previously
recognized problem in vanadium-based compounds,
and may possibly be reconciled by more subtle
effects such as spin-fluctuations, anisotropy,
or a sharply-peaked density of states at the
Fermi level (5,6).
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