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Two main (dual) effects: spin transfer torque

J. C. Slonczewski, J. Magn. Magn. Mater. 159, L1 (1996)
L. Berger, Phys. Rev. B 54, 9353 (1996)

T.L. Gilbert (1955, 2004) 
Landau & Lifshitz, Phys. Z. Sowietunion 8, 153 (1935)
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Landau-Lifshitz-Gilbert equation
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Landau-Lifshitz-Gilbert equation: FMR

FMR-driven  
steady state 
precessions

stationary values 
of the polar angle θ
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Two main (dual) effects: spin/charge pumping

L. Berger,  Phys. Rev. B 59, 11465 (1998)

Y. Tserkovnyak et al.,  Phys. Rev. B 78, 020401(R) (2008) 
Y. Tserkovnyak et al.,  Rev. Mod. Phys. 77, 1375 (2005) 
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Result: Noise without average current

The average charge current vanishes …

… but its zero-frequency noise remains even at low T

total conductance
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Result: Stationary distribution function
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The Hamiltonian:
I. L. Kurland, I. L. Aleiner, and B. L. Altshuler, 
Phys. Rev. B 62, 14886 (2000)

-no anisotropy
-no internal relaxation mechanism
-Stoner ferromagnet:

The electron distribution:
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Derivation of Landau-Lifshitz-Gilbert equation
AS, Y. Gefen, A. Saha,  I. S. Burmistrov, M. N. Kiselev, A. Altland, 
Phys. Rev. Lett. 114, 176806 (2015)
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driving                non-equilibrium               Keldysh formalism

decoupling of exchange interaction
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Derivation of Landau-Lifshitz-Gilbert equation



Integrating out fermions
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Effective action

Broadening by the lead
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Tunneling expansion, AES

Expansion

V. Ambegaokar, U. Eckern, G. Schön
Phys. Rev. Lett. 48, 1745-1748 (1982)
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http://dx.doi.org/10.1103/PhysRevLett.48.1745
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AES action for Josephson contact

I SS

iSAES = i

Z
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V. Ambegaokar, U. Eckern, G. Schön
Phys. Rev. Lett. 48, 1745-1748 (1982)

http://dx.doi.org/10.1103/PhysRevLett.48.1745
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Explicit form for non-magnetic lead 
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Matsubara Tunneling conductance

Gauge invariance ???
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Variation of the action                 EOM 

iS = iSWZNW + iSB + iSAES
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Gilbert-damping [1]:

Spin-torque current [2]: Is = gsV

[1] A. L. Chudnovskiy, et al. PRL 101 066601 (2008).

[2] J. C. Slonczewski, JMMM 159, L1 (1996). &  L. Berger, Phys. Rev. B 54, 9353 (1996)

I = 4g(✓)V�gs sin
2 ✓�̇Charge current [3]:

[3] L. Berger, Phys. Rev. B 59, 11465 (1998), Y. Tserkovnyak et al., Phys. Rev. B 78, 020401(R) (2008) 

AS, Y. Gefen, A. Saha, 
I. S. Burmistrov, M. N. Kiselev, A. Altland
Phys. Rev. Lett. 114, 176806 (2015)
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Technical details



The electron distribution on the dot 
strongly affected by driving! 

Results change drastically

Non-equilibrium taken seriously:
Tim Ludwig, Igor S. Burmistrov, Yuval Gefen, and AS
Phys. Rev. B 95, 075425 (2017).

Tim Ludwig, Igor S. Burmistrov, Yuval Gefen, AS
Phys. Rev. B 99, 045429 (2019).
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AES-strategy:
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Which distribution should 
we use for the dot?  
(kinetic equation)



“improved” AES-like-strategy:
expand around a “classical” trajectory
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“improved” AES-like-strategy: 
multi-step distribution function
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Landau-Lifshitz-Gilbert-Slonczewski equation:
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Modified completely
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FMR driven micromagnet
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Counting field  

It follows:

this corresponds to: 
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Solution: Rotation in spin-space 

rotates the Hamiltonian …

… and the self-energy

distribution function
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Landauer-formula in rotating-frame
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zero-frequency noise
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high T low T

Noise of charge current:  
even without average charge current
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FMR-driven  
steady state 
precessions

Noise of charge current
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FMR driven micromagnet with 
a magnetic lead
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FMR-driven  
steady state 
precessions

Summary
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FMR-driven  
steady state 
precessions

Summary

Thank you 
for your attention!
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Conductances

A. L. Chudnovskiy, J. Swiebodzinski, and A. Kamenev, Phys. Rev. Lett. 101, 066601 (2008)



Gauge fixing
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Would be nice, but impossible 
Berry phase different on two contours
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