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Abstract

#SR has been used to probe the structure and stability of the flux vortex array in the organic superconductor «-
(BEDT-TTF),Cu(SCN),. At temperatures below 5 K and fields below 5 mT the internal field distribution is found
to closely match that expected for a three dimensional (3D) Abrikosov flux line lattice (FLL). Careful studies in this
3D-FLL regime have enabled an improved measurement of the temperature dependence of the superconducting
penetration depth to be made. A linear term is found in the temperature dependence of the penetration depth,

suggesting the presence of line nodes in the gap parameter and d-wave pairing.
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Muon spin rotation (uSR) spectroscopy has
demonstrated itself to be a powerful probe of the
the complex vortex phase behaviour in highly
anisotropic superconductors such as the layered
BEDT-TTF (ET) charge transfer salts[l]. The
rich vortex behaviour is the result of competition
between electromagnetic and Josephson inter-
vortex interactions and thermal excitations and
defect pinning processes[2]. It is important to have
a good understanding of these effects if experi-
mental techniques such as uSR are to be used to
shed light on problems such as the symmetry of
the superconducting order parameter in ET salts,
a topic which has been under debate for some
considerable time now.

The uSR measurements reported here were car-
ried out on the GPS instument at the Paul Scherrer
Institute with the field perpendicular to the plane
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of a mosaic sample of k-(ET)3Cu(SCN), crystals.
This simpler 90° geometry is in contrast to the 45°
case on which we focused earlier for this system[1].
Analysis of flux vortex field distributions was car-
ried out using both maximum entropy methods
and direct fitting to model field distributions. The
internal field profile of the vortex structure is dis-
tributed about a most probable value By and is
characterised by the RMS linewidth

Brus = 0/, = < (B = By,)* >'/?
and the skewness parameter
< B - Bpk >
Brus

which takes on a value for a static 3D FLL that is
characteristic of the lattice geometry.

The field dependence of § at 2 K is shown in
Fig.1a. The crossover from 3D FLL to decoupled
layers occurs in the region between 5 and 8 mT as
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Fig. 1. Measurement of 8 in (ET)2Cu(SCN), for field per-
pendicular to the ET layers: (a) field dependence at 2 K
and (b) temperature dependence in 3 mT. Expected 8 val-
ues are shown for the triangular and the square 3D FLL
cases.

reported previously[1]. The value of 3 at fields be-
low 4 mT is entirely consistent with the value of
0.60 calculated for a triangular Abrikosov vortex
structure. We note that § values at 4 and 5 mT
are close to the square lattice value (0.47), how-
ever the current data are insufficient to distinguish
a possible change in the vortex lattice geometry
from the onset of the dimensional crossover. Re-
cent flux decoration experiments[3] have confirmed
that the triangular lattice is present at low fields
but no data have been reported above 1 mT. It is
however clear from Fig.la that the low field phase
is fully established at 3 mT and below. A study of
the temperature dependence of 8 at 3 mT is shown
in Fig.1b. The value of 8 for temperatures up to
4 K is again consistent with the triangular lattice.
Above 5 K j falls to zero, reflecting the breakup of
interlayer order between the pancake vortices mak-
ing up the vortex line at the temperature T* [1,4].
In the 4-5 K region there appears to be a plateau
around the square lattice value, again suggesting
the possibility of an intermediate vortex state be-
fore decoupling occurs.
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Fig. 2. The superconducting vortex phase diagram for
(ET)2Cu(SCN)2 derived from the pSR studies.

Following field and temperature scans such as
these, the basic features of the vortex phase dia-
gram can be built up (Fig.2). From this phase dia-
gram the optimum field and temperature range can
be chosen for studying the superconducting pen-
etration depth as a function of temperature. For
field, the value 3 mT was chosen to be well sep-
arated from both the Meissner state and the de-
coupled layer phase. For temperature, the range
below 4 K has S consistent with a triangular FLL
and thus the expression o? = 0.00371®oA~* [5]
has validity in this range and can be used to de-
rive A from ¢. The results of this measurement are
shown in Fig.3. The penetration depth at the low-
est measured temperature is consistent with our
earlier measurements at 90°[1]. However there is
clearly a linear term present in A(T). This linear
dependence, in a region where the vortex structure
has been confirmed to be well-defined and stable,
is strong evidence for the presence of line nodes in
the order parameter, as would be expected for d-
wave superconducting pairing symmetry.
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Fig. 3. Open circles show the temperature dependence of
the measured superconducting RMS linewidth Bgss in
(ET)2Cu(SCN)2 measured for a field of 3mT. Filled circles
show the corresponding penetration depth for a triangular
3D FLL, with temperature dependence fitted as shown.
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