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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-Schön (AES) effective action
    a) U(1)
    b) SU(2) - LLG-Langevin equations
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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
A. Kamenev, 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

Non-Abelian
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Non-Abelian case 
adiabatic approach



Geometric adiabatic solution

R 2 SU(2)/U(1)

A. Saha et al.  Annals of Phys., 327 (10), 2543 (2012)
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Rotation: convenient representation

R 2 SU(2)/U(1)
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Adiabatic expansion, 0-th order

Stoner instability J⇤ =
J

1� ⌫J
! 1

large and slowM(⌧)

S� =
X

↵

tr ln
⇣
�@⌧ � ✏↵ + µ�M(⌧)

�z

2
�R�1@⌧R

⌘
�

�Z

0

d⌧
M2(⌧)

4J

��⌦(�0) =
X

↵

tr ln
⇣
�@⌧ � ✏↵ + µ�M0

�z

2

⌘
� �M2

0

4J

⌦ = const.+

✓
1

J

� ⌫

◆
M

2
0

4
= const.+

M

2
0

4J⇤



Berry’s phase
WZNW actionTotal spin
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Integrating over Berry’s phase

Close to Stoner
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Integrating over Berry’s phase
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Effective Potential

J⇤
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Result: susceptibility
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AES action: 
Abelian U(1) case

V. Ambegaokar, U. Eckern, G. Schön
Phys. Rev. Lett. 48, 1745-1748 (1982)
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U(1) case
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U(1) case
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U(1) case
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U(1) case
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AES vs. Caldeira-
Leggett (CL) action in 

mesoscopic physics

V. Ambegaokar, U. Eckern, G. Schön
Phys. Rev. Lett. 48, 1745 (1982)
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AES for tunnel junctions
1) Normal tunnel junction (NIN)
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AES for tunnel junctions 
Normal tunnel junction (NIN)
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AES vs. CL 
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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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R 2 SU(2)/U(1)

Open dot, rotating frame
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Qk ⌘ 1
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Tunneling expansion, “AES”

V. Ambegaokar, U. Eckern, G. Schön, Phys. Rev. Lett. 48, 1745-1748 (1982)
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Explicit form for non-magnetic lead 
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Tunneling expansion, gauge fixing
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Gauge fixing
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Semiclassical equations of motion



AES action on Keldysh contour
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