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Orbital Response of a Superconductor to a Magnetic Field

Screening
currents




Thin Film Superconductivity in
High Parallel Magnetic Fields

Assume magnetic field oriented parallel to superconducting
film of thickness d <t so that there can be no significant
orbital response to the applied field.
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Electron Tunneling and the DOS
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2.7 nm Al film/CE
2A, =093 mV
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Sample Geometry

3-5nm Beor Al film

B
Glass slide
BET.= 0.026K (bulk) Al: T.=1.1K (bulk)
T.~ 0.6 K (quenched film) T.=2.7 K (quenched film)
barrier type oxide BeO barrier type oxide Al,O,
g-factor=2; E = 2u;B, g-factor ~1.8"; E, ~ 1.8 ugB,




Film Morphology

3 nm-thick films

Thermally evaporated @ 77K

Fire polished glass substrate

Films stable in air after initial oxidation




Spin Paramagnetic Phase Diagram in Al Films
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Finite Thickness S-P Transition and the Superconducting Pomeranchuk Effect

Zero thickness S-P
phase diagram

Finite thickness S-P
phase diagram
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At low temperatures the entropy of liquid
SHe is higher than that of the solid.
Consequently, the latent heat of fusion is of
the opposite sign of that of classic liquids.
Cooling can be realized by pressurizing to
form solid from liquid along the melting
curve. D. Osheroff used this cooling
method in his discovery of superfluid *He.

High entropy
superconducting
phase.
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Pinned Superconducting Domains




Pairing Resonance
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Summary

Nature of the Coexistence region in the first-order spin-paramagnetic
transition remains poorly understood.

The first-order transition isintrinsically hysteretic and exhibits unusual
dynamics including avalanches and slow relaxation

We observe incoherent Cooper pairs in high-field tunneling spectroscopy.
By fitting PR feature to theory we can determine the gap, the spin-orbit
scattering rate, orbital pair breaking parameter, and the anti-symmetric FL

parameter GP°.

The PR can also be used to determine spin polarization in ferromagnetic films
at fields well beyond the parallel critical field.

Very large exchange fields can be induced and measured viathe PR. Can we
seean AHE in Al?






