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1. Motivation: magnetic tunnel junctions
2. Motivation: mesoscopic Stoner instability
3. Theoretical method: path integral (functional bosonization)
a) U(1) - Coulomb blockade
b) SU(2) - mesoscopic Stoner
4. Ambegaokar-Eckern-Schon (AES) effective action
a) U(l)
b) SU(2) - LLG-Langevin equations
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(Goal Proper description in terms of slow
collective varables:
magnetization M (t) and electric potential V (?)
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Universal Hamiltonian
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Mesoscopic Stoner Instability
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Mesoscopic Stoner Instability
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Stoner Ferromagnet
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Theoretical Method

(functional bosonization)



Abelian case: Coulomb part
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Abelian case: Coulomb part
A. Kameney, Y. Gefen, Phys. Rev. B 54, 5428 (1996)
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Non-Abelian case

(functional bosonization)



Non-Abelian case: Exchange part
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Exact solution
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Non-Abelian case
adiabatic approach



Geometric adiabatic solution
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Rotation: convenient representation
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Adiabatic expansion, 0-th order
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Adibatic expansion, 1-st order
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Integrating over Berry’s phase
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Integrating over Berry’s phase
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Ettective Potential
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Result: susceptibility
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AES action:
Abelian U(1) case
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U(l) case

i Hdot == Hlead = Ht

H=) el o¥a0+ Ec(N - No)

Hicad = } jev 002,00%0

HT—ZT wlava_FhC

LY,



U(1) case - »
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U(1) case

Eliminating V(t)
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U(1) case
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AES vs. Caldeira-
Leggett (CL) action 1n
mesoscopic physics
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AES for tunnel junctions
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AES for tunnel junctions Rr—o- o
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AES for tunnel junctions
2) Josephson junction (SIS)
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Non-Abelian SU(2) case

Open magnetic quantum dot
AES tunnel action



Open dot, “AES” action
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Open dot, effective action
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Open dot, effective action
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Open dot, rotating frame
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Open dot, vector potential
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Tunneling expansion, “AES”
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Explicit form for non-magnetic lead
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Tunneling expansion, gauge hxing

1Sy = trln [Gal — Q) — RTZR}
Gauge 1nvariant expansion

Syt = —tr [(Gg' — Q) 'R'SR]

Would be nice to choose gauge
such that Q@ =0

Q) % [cﬁ(l—cos@)—x] o, =0

‘)’( = ¢(1 — cos6)

Would be nice, but ...




Gauge hixing
Q) =0 =2 X = ¢(1 — cosb)

Would be nice, but impossible

Berry phase different on two contours

Xc(t) = ¢e(t) (1 — cosO.(t)) mpp Q. =0

(1) = dg(t) (1 — cos b.(t
Xq(t) = @4(t) (1 — cos (»1\ -
Qy,q = 5 0= sind, [¢C(9q = Hcgbq}

phase action

ISWzZNW = 19 /dt sin 6. {g&iceq == 9.(;%} Keldysh Berry



Semiclassical equations of motion



AES action on Keldysh contour
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