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Abstract of Thesis

The superconducting gap symmetry is important to understand the mechanism of the Cooper
pairing in superconductors. Among superconductors, organic-molecular based superconductors (OM SCs)
are uniquely important because they tend to have the low dimensionality in electronic states and its
dimensionality is tunable by chemical substitutions and the external pressure. Clean samples with fixed
stoichiometry can be synthesized in OM SCs, resulting in deducing electronic states to be in simple and
ideal physics models.

My target system studied in my Ph.D. research is one of OM SCs, A-(BETS):GaCls (BETS =
bis(ethylene)dithio tetraselenafulvalene). This system is metallic and undergoes a superconducting state at
Tc ~ 5.5 K at ambient pressure. One interesting issue of this system is that the superconducting state links
to that of the isostructural relative A-(BETS)2FeCls which shows the superconductivity under magnetic
fields higher than about 17 T. However, the superconducting gap symmetry of A-(BETS)>GaCls is not yet
well agreed due to debated experimental and theoretical results and is still an open question to be carefully
studied.

In order to determine the superconducting gap symmetry and the magnetic penetration depth of
A-(BETS):GaCls, 1 have performed the zero-field {ZF) and transverse-field (TF) muon spin relaxation
(USR) experiments down to 0.3 K at the ISIS and RIKEN-RAL Muon Facilities. Randomly aligned
crystals were used for my measurements. | determined superconducting parameters e, Heiand s to be
5.3(1) K, 11(1) Oe and 63(1) kOe, respectively. I found that the superconducting gap symmetry of
A-(BETS):GaCly is the mixture of the s~wave and d~wave symmetries. The s—wave symmetry is the major
compoenent with more than 70 % weight. I carried out density functional theory (DFT) calculations with
my collaborators to discuss the superconducting gap symmetry from the theoretical viewpoint, assuming
that A-(BETS)2GaCls 1s a spin-fluctuation mediated superconductor in the spin singlet channel. I concluded
that theoretical calculation result well supported our experimental results and that a new type of

superconducting pairing symmetry, s+d—wave symmetry, appeared in A-(BETS),GaCl..
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MR EE, TaFAECEME (2SR ) EWERREI MG L THES THEEREFRTH D
A~(BETS):GaCls DEHEEF v v 7 EBEEWFO MMM O BMEEZTFT L /-, Ll K% - FHRKED LR
TFgEH & L TA-(BETS):GaCls DEIEMERO G EIT W, BIFRAL S 03 2 RBRUISIS I a4 sk
BT uSRANEZEML 2. A-(BETS)2GaCl i1 2 X pI#ERMEL L, HAlah T4 Dd BEDT 43748 2
DT AT—HREBEBMRL A MO 2K iHEIRIEZ &5, 20 BETS 4 TGO HOMO MO ®EA DIZL > T
WFOBHAEHINT S, UEEEE A 3 FO@BPTHSIK BETH S, TO-FTHESES vy v 7
EMAREETBEOMFREEEEAHELSMzEN TR, TE. AUHERMNEEHEDI-(BETSFeCly 230 T
WTEETHRBBPTOBEEORBEVFEREN, TOBBPEBEENFPel G 2l THI LIk o THIHM
W OIS o TREBY 5 A(BETS)GaCls OBEEIRIBEIZ DB o TnH T & 6. K 570 b 1B 58I E O 7
o fe M A B & U TA-(BETShGaCly MM BEHINT WS,

SEL A 1 A(BETS):GaCls MBS F % B W T SQUID IZ X AR TORLROBMAMEL L. FHE
IR Ho A9 10 Oe BIETH A Z L EWH NI L, EHIICEMBIBPIoBT L LRSS HogihEdT 5
TR ODBEREAMEEN T2 nm ERETHIEIZRIILE, LSRUEIZBLTIE., YoRBhOI a4
AECREMEN TclZBWTEENEREREANWIEEWSHIZ L BEEE TRMMSESHREREN TN S
AIREME A D TR W S B AT T /2. BUIE 1 SR MIED S BEBIREIZBITS Voltex DIREERMEL ., HEKIZ
BTS2 aF A VEREOHENARNEN S, BEHEAEZEY 662 nm L@RELE, £, 03 2F 2K
CEMBOREEENERID., BEBEMHRENEMAD s M- TEAWI E2RML. XD M a2 B
ERHDOIEEERLE. COMBEEPHSMITHRYS, EEHNY s EABE, std HEBERVWTIaA A
EBMEOREELEMTL., EBUEAL0OBRIHBONAMRMEREEEETAZ LIk 2T, s+d R
CEAMBARLBBIZEIBOTHHEHEH I, 512, ZOs RS E dERAVHITRETHHZ
EHRMLUE.

SBEHETINS ~HOERBROISLHIEROLY, BEANRERLAE 7D IHEECIBT BT
BERBOFREZHEBLE. TOHFR, BEREXvv 7RBICEVWSDHORB R AMICH L THF vy TiiH%E
TH/ - FEREFEETLAZIELEZAWIL, BESOMBIES B - BlEE cRB I AL ENDIA LD
BREROMBMYR—FEGIZEIZRLE, ZOMAEKEELLICKRAMKEEOREEREERET
R, ALCBSEFZHALLAZAE ~HEBERBIIEIBREX v v 7OENS, #BERMSH LN
BT EVDEFN - RANF v o THBEBRERNICIDEHINS I &M T,
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