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Inhomogeneous Superconductivity

Agosta, C.C.; Bishop – Van Horn, L.; Newman, M. (Clark University, Physics); Hannahs, S.T.; Coniglio, W.A. (NHMFL-Tallahassee); McDonald, R.D. (NHMFL-LANL); Kobayashi, A. (Nihon University, Chemistry) and Schleuter, J.A. (Argonne NL, Chemistry)

Introduction 
	Some highly anisotropic organic superconductors show credible evidence for inhomogeneous superconductivity, also known as the Fulde Ferrell Larkin Ovchinnikov (FFLO) state. We have samples of λ-(BETS)2GaCl4 from A. Kobayashi and samples of β-(ET)2SF5CH2CF2SO3 from J. Schleuter. Prior to this work Shubnikov – de Hass oscillations were not seen below 32 T[1] in the BETS compound, and the transition to the FFLO state did not have much detail[2]. We are seeking more accurate and detailed Fermi surface information from these experiments, in addition to new measurements of the vortex state to FFLO state transition.

Experimental
	We made rf penetration depth measurements with a tunnel diode oscillator (TDO) in two experiments, one in LANL and one in Tallahassee. In both cases the sample was on a rotator as the FFLO state can only be stabilized if the magnetic field is precisely aligned along the conducting planes. 

Results and Discussion
	The pulsed field experiments presented several challenges. Although we could see the superconducting transition as a function of angle, we did not have the resolution to see SdH oscillations and we had difficulty keeping the TDO oscillating at high fields because of dB/dt induced voltages. Although we had much better results near the end of the week after tuning the system and rearranging the grounding, we were limited by a probe that had been designed for transport, and did not have the space to properly position our rf coax and electronics.
	In contrast our results in Tallahassee were spectacular. As an example we measured SdH oscillations starting at 12 T in the BETS superconductor, suggesting that these samples are much cleaner electronically than previous samples. In addition, the transition within the superconducting state from the traditional vortex to the FFLO state was clear and detailed. Examples of the data are shown below.  

Conclusions
	As a result of these experiments we are much better prepared to repeat the measurements at LANL. More importantly, Logan Bishop –Van Horn is visiting LANL to build a new dedicated probe for TDO measurements that will also have a rotating platform to do the high field Fermi surface studies. We also intend to extend the temperature range of the DC field experiments in Tallahassee to complete the phase diagram. 
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[bookmark: _GoBack]Fig.1 On the left, an up and down field sweep showing the robust transition at HP as the field crosses the vortex to FFLO phase line.  On the right, Shubnikov – de Haas oscillations starting at about 0.08 1/T, or about 12.5 T.  




image1.emf



1500



1000



500



0



-500



-1000



Pe
ne



tra
tio



n 
(a



rb
)



0.140.120.100.080.06



Inverse Field (1/T)










1500

1000

500

0

-500

-1000

P

e

n

e

t

r

a

t

i

o

n

 

(

a

r

b

)

0.14 0.12 0.10 0.08 0.06

Inverse Field (1/T)


image2.emf



6.2



6.0



5.8



5.6



5.4



5.2



Pe
ne



tra
tio



n 
D



ep
th



 (a
rb



)



121086
Field (T)



λ-(BETS)2GaCl4
T = 68 mK



HP



Hc2










6.2

6.0

5.8

5.6

5.4

5.2

P

e

n

e

t

r

a

t

i

o

n

 

D

e

p

t

h

 

(

a

r

b

)

12 10 8 6

Field (T)

λ-(BETS)

2

GaCl

4

T = 68 mK

H

P

H

c2


image3.jpeg
<




