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Orbital Response of a Superconductor to a Magnetic Field

Bulk Superconducting Systems

Screening

/ currents
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Thin Film Superconductivity in
High Parallel Magnetic Fields

Assume magnetic field oriented parallel to superconducting

film of thickness d < é}so that there can be no significant

orbital response to the applied field.

18t order

1>

Energy: A 2B,
S-P Transition: A
B, = ~1.8 T/K _
(Spin-Paramagnetic) ‘! \/5 B (gL = 2)




Electron Tunneling and the DOS
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Sample Geometry

3 -5nm Be or Al film

Glass slide

Al:

T.=1.1 K (bulk)

T.=2.7 K (quenched film)
barrier type oxide Al,O,
g-factor ~ 1.8% E, ~ 1.83B,
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S-P Phase Diagram of Pristine Al Films

Thin Al film in parallel magnetic field

T=70mK

r<<&

0

0.05

01 015 02 025 03 035

T/T

Cc

S: superconducting
N: normal state
SM: state memory

H~ (T)

Marginally thin Al film in parallel field

3.36 ‘ ‘ ‘
3.34
3.32
3.3
3.28
O L I L L L
i 0 02040608 1 12
T(K)
3.26 \ \ ‘ \ \
0 0.1 0.2 0.3 0.4
T/T

c




S-I-S Tunneling
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G(V) (x10°Q7")
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Tunneling Probe of the Zeeman Field

Zeeman Splitting of BCS DoS @ H; =45T

R ~ 2000 ohms /
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Microscopic Nature of the Zeeman-limited Transition

Tunneling density of states of a 2.5 nm thick Al film
in a parallel magnetic at T = 80 mK.

Pure Al: H,,, =475 T
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Inducing Exchange Fields in Al Films

EuS
FM semiconductor
T.~16 K
T A pLM~15T
Glass substrate \
— Hinternal = Happ + Hex

— Tunnel Junction

Applied field: H,,,

Al film
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Direct Spectroscopic Evidence of
the Exchange Field in Al Films on EuS

AV =E /e
E,=2u;H,
H,, ~4T!

1
eV =5(EZ+1/E3—A20)

Aleiner and Altshuler, PRL 79, 4242 (1997)

Y M. Xiong, P.W. Adams, and G. Catelani,
PRL 103, 067009 (2009)
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Even with a pure Zeeman interaction, the excess states remain.
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Again, excess states at V =0!




FFLO Modulation of the Order Parameter Near H

Polarized
normal-state
boundaries

d-LO phase

Y.L. Loh, N. Trivedi, YM. Xiong, P.W. Adams and G. Catelani, PRL 107,067003 (2011)



R/R

JCPO098B: AI-TJ (568 Q/sq), T=53 mK, 6 =-0.5°
Two Identical Runs

Avalanches and Slow Relaxation Near H

R/R vs. Angle - JCP098B
(R, =568 Q/sq, T = 52 mK)
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Avalanches in the DOS

G(0)/G

Al film: t =2.5 nm, R = 540 Ohm/sq
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Probability (%)

Statistics of the Avalanches
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Minor Hysteresis Loops
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Summary

We believe that the SC order parameter is non-trivial in the hysteretic region of
the S-P transition.

Excess states at the Fermi energy may be an indication of a disordered FFLO
phase that emerges in a high Zeeman field.

Tunneling data shows that the avalanche behavior is in the condensate itself.

The asymmetry of the avalanches is unusual and cannot easily be explained.



