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A fundamental property of any superconductor is
the Meissner effect, whereby an external magnetic field
is expelled below T,. This is only strictly true deep in-
side the sample since, close to the surface, the London
model predicts an exponential decay of the magnetic
field where the decay length is called the London pen-
etration depth (Az). Along with the coherence length
(€), A is one of the two fundamental length scales in
any superconductor. The absolute value of Aj along
with its behavior as a function of temperature and
magnetic field is a sensitive probe of the supercon-
ducting state; i.e. the nature of the electron pairing
and the elementary excitations from the condensate.
Few experimental methods are capable of determining
a precise value for A\r. For example, in most supercon-
ductors, there are a wide range of published values.
The reason for this is that most methods are fraught
with systematic errors. Only uSR can be applied to a
wide range of materials but conventional uSR can only
be applied to the vortex state.

In this experiment, we are using the technique of
low energy ( detected NMR to investigate the Meiss-
ner state of superconductors and in particular, to mea-
sure the absolute value of the A\r,. The beam energy is
used to control the mean depth of implantation into
the sample, which is on the same length scale as Ar.
Both the spin relaxation rate and the resonance spec-
trum depend on the local magnetic field and thus are
sensitive to A\r. However, the spin relaxation rate is
much easier to measure, so we use this to monitor the
local magnetic field near the surface. The technique
should be applicable to most superconductors but as a
first example we have chosen NbSes.

The 8Li nuclear spin relaxation rate 1 /T in NbSey
was investigated as a function of magnetic field above
and below the superconducting transition at T.=7.0K.
In low field, 1/T; is determined primarily by low fre-
quency fluctuations of the host Nb nuclear spins, which
are characterized by an exponential correlation time 7.
Typical raw data in the normal state at 8 K are shown
in Fig. 1. The data is taken by delivering a long (4s)
pulse of 8Li and measuring the beta decay asymmetry
(which is proportional to the polarization) as a func-
tion of time during and after the pulse. The fitting
function is generated by convoluting the spin relax-
ation function with a square pulse shape. This compli-
cates the fitting function but one obtains much higher
statistics than with a conventional short pulse. The
field dependence of the spin relaxation rate is shown
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in Fig. 2 and fits well to a Lorentzian as expected for
an exponential correlation time. Given this, one ex-
pects the relaxation rate to increase below T, due to
the Meissner effect. This is confirmed by the measured
temperature dependence of 1/T7 (open diamonds in
Fig. 3). In particular note the sharp upturn in 1/7}
below T.. There is also a slight temperature depen-
dence to 1/T7 above T. which is attributed to Kor-
ringa relaxation of the host nuclear spins (i.e. spin-flip
scattering of electrons at the Fermi surface off the nu-
clear spins). We have shown previously that the direct
Korringa relaxation of the 3Li is negligibly small at
this temperature. The temperature dependence of 7.
was determined separately from measurements in the
vortex state (see solid circles in Fig. 3). These mea-
surements were taken in a much higher magnetic field
applied perpendicular to the surface where the sample
is in the vortex state and then scaled up to align with
the Normal state data at 8K. Recall the average field is
almost independent of temperature in the vortex state,
so the observed T dependence of 1/T} is attributed
solely to changes in 7.. Note the small bump below T,
for 1/T3 in the vortex state which we attribute to the
Hebel-Slichter peak in the Niobium T%

Finally, using a calculated implantation profile, as-
suming an exponential field distribution, and taking
into account the temperature dependence of 7., one
can extract the absolute value of the London pene-
tration depth in the Meissner state. The temperature
dependence of A\p, is shown in Fig.4. These results con-
firm low energy G-NMR can be used to measure the
absolute value of Ay, in a superconductor. In addition,
the experiment has shown that the spin relaxation rate
of the 8Li in low fields is a sensitive monitor of the host
nuclear spin dynamics which is also of interest in stud-
ies of superconductivity.
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Fig. 1. Time differential spectra at various magnetic fields
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in the normal state of NbSe> at 8K. The data were taken
using a 4s long pulse method.
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Fig. 2. Magnetic field dependence of the 8Li spin
relaxation rate in the normal state of NbSes at 8K. The
curve is a fit to a simple Lorentzian function.
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Fig. 2. Temperature dependence of the spin relaxation
rate of 8Li in NbSes. The open diamonds are from data
taken with the magnetic field of 30G applied parallel to
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the surface so the sample remains in the Meissner state.
The filled circles are derived from measurements in the
vortex state where the magnetic field is applied
perpendicular to the surface.
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Fig. 2. London penetration depth as a function of
temperature.
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