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Outline

» Proximity effect and inverse proximity effect in SF systems
» Spread of the stray magnetic field in SF bilayer

> Role of the vector potential.

» Electromagnetic proximity effect in dirty and clean limits.

» Discussion of some experiments



Proximity effect.
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Proximity effect in F'S structures.
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2. Interference effects for Cooper pairs in FS layered structures

v

— Damped oscillatory
S N dependence of pair wave
X function in ferromagnets
&~ (D, /T2

Y
S F

A
v




Inverse proximity effect in S/F bilayers.
Electron spin polarization near the surface.
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Bergeret, F. S., Volkov, A. F. & Efetov, K. B. Induced ferromagnetism due to superconduc-
tivity in superconductor-ferromagnet structures, Phys, Hev. B 69, 174504 (2004).



Electromagnetic proximity effect in S/F
bilayers. Aharonov-Bohm effect?
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Can the magnetic field
(not just vector potential !)
escape from ferromagnet to superconductor at large
distances?
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Spontaneous currents in S/F bilayers.
Electromagnetic proximity effect.
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Spontaneous currents in S/F bilayers.
Electromagnetic proximity effect.
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Proximity effect in S/F systems
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Exchange field (energy) in the ferromagnet: H=..+h
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Long — range triplet proximity effect in dirty SF systems
Bergeret — Volkov — Efetov (2001)
Kadigrobov- Shekhter- Jonson (2001)
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Paramagnetic Meissner effect in dirty S/F bilayers
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Local paramagnetic response

Can the superfluid density change its sign?



Meissner effect in clean S/F bilayers
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Effect of misalignment of magnetic moments

(a) \
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FIG. 3. The profiles of the spontaneous magnetic field in the superconduc-
tor-ferromagnet-ferromagnet trlayer when the magnetic moments in the two
Flayers are (a) parallel to each other and (b) perpendicular to each other.
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Right positron detector

For our experiments we use superconducting spin-valve
structures  Au(x)/Nb(50)/Co(2.4)/Nb(3)/Co(1.2)/IrMn(4)/Co(3)/
Ta(7.5)/Si-substrate with numbers indicating the layer thicknesses
in nm and x =5 or 70. They consist of an §/F interface with an
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Josephson-type experiment to observe electromagnetic
proximity effect
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FI1G. 4. Shift in the Fraunhofer critical current oscillations for the Josephson
junction with one electrode being covered by the ferromagnetic laver.
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Electromagnetic prdﬁimity effect in planar
superconductor-ferromagnet structures
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