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Superconducting gap symmetry in organic superconductor
A-(BETS),GaCl, studied by uSR with DFT
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The superconducting gap symmetry determination in
M- (BETS),GaCly has been intriguing, since the super-
conducting state of this organic superconductor may
be linked to that of the isostructural compound, -
(BETS)yFeCly, showing a field-induced superconductiv-
ity in the fields > 17 T.Y We have performed trans-
verse field puSR in fields of 150 Oe down to 0.3 K at
ISIS Muon Facility in the UK. The temperature de-
pendence of superfluid density was best described by
the s+d-wave with a dominant s-wave component.?)
Motivated by the uSR result, we have performed the
first-principles electronic structure calculations with the
generalized-gradient approximation on the basis of the
density functional theory (DFT). The VASP software
package adopting the plane-wave basis set with cutoff
energies of 500 meV was used. The ground state charge
densities were computed using 4 X 4 X 4 k-point sam-
pling and crystal structure information from Ref. 3)
was used. Furthermore, we constructed maximally lo-
calized Wannier orbitals on BETS dimers to make the
tight-binding energy band (dimer model) reproduce the
band structure of DFT based on the experimental crys-
tal data. The calculation was done by using the HOKU-
SAT RIKEN supercomputer.

Figure 1 shows the DFT band energy of M-
(BETS)2GaCly.  Since the system has four BETS
molecules or two BETS dimers, contributing to the elec-
tronic properties, in one unit cell, there exist two bands
close to the Fermi level. Those two bands were well re-
produced by the dimer model with the parameter trans-
fer integral, in the unit of meV, as follows: t. = 64, tqy
= 52, tdg = 13, td3 = 76, td4 = 64, te = —17. Accord-
ingly, the Fermi surface was consisting of an open sheet
and a closed pocket as shown in the bottom right panel
of Fig. 1.

The superconducting gap was then calculated by us-
ing the Random Phase Approximation (RPA) method
following the extended Hubbard model,

H:Ztijcjacj‘g—‘—z UTI‘iTnLL_'—Z V;jTLw-’I’LjO-, (1)
(i,4) i (i,4),0,07

where t is the transfer integral, and U and V are
intra- and inter-dimer interactions. We assumed a spin-
fluctuation-mediated superconductor in the spin singlet
channel. U = 0.2 eV was introduced in the calculation
in order to investigate the low-energy interaction on the
BETS dimer.¥ The result is shown in Fig. 2 showing
that the red colored area is the result from RPA. More-
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Fig. 1. DFT band structures of \-(BETS)2GaCly. The tight-binding
band structure using a dimer model with parameter inter-dimer
transfer integral t. —t. is shown as a broken line. The upper right
panel shows a 2 X 2 molecular arrangement of the a-c conducting
plane. The grey ellipse represents a BETS dimer and c—e repre-
sents inter-dimer transfer integral. The bottom right panel is the

Fermi surface.

Fig. 2. Superconducting gap function from the band indexes 1 and
2, which are bands from the open sheet and closed pocket Fermi
surface, respectively. The red and blue colored areas denote the

RPA result and fitting result, respectively.

over, the pairing symmetry from RPA was then fitted
to a linear combination of defined pairing symmetries in
the k-space, with the basis functions as follows:

isotropic s-wave: fyo(ks, ky) =1
extended s-wave: fq1(ky, ky) = 2[cos(k;) + cos(ky)]
dy2_y2-wave: fa o (ke ky)=2[cos(ks)—cos(ky)]. (2)

The fitting result is shown in the blue-colored area of
Fig. 2. We found that there exists a finite d,»>_,2-wave
component in conjunction with s-wave components from
the contribution of two bands mentioned above. How-
ever, this mixture symmetry of s +d,2_,2 indicates only
one order parameter since the superconducting gap looks
almost continuous along the Fermi surface, as shown in
Fig. 2. Thus, from the uSR and DFT calculation we
assign a new type of superconducting gap symmetry in
A-(BETS)2GaCly, s + d-wave.
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