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AES-action for U(1)-phase [1] AT
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U(1) gauge-trafo: electrical potential U=e%YR
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SU(2) gauge transformation 7 -& = Ro.R' AIT
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Euler angle representation:

b 6 (=X
R=e7"292e7"2%¢e'" 2 92 — gauge freedom Yy

Q= R'(—i0,)R
1 . 1 . : : .
=5 (¢(1 — cosB) — x) o, —5 e' X9z [(9 o, — ¢sinf 04 '7=
Berry ;}rlase Q| Landau—Zene;rtransition QL

adiabatic approx. — > onlykeep Q)

gauge fixing [2]: Xc = ¢c(1 — cosb,) Xq = ¢q(1 — cosb,.)
[2] A. Shnirman et al. , Phys. Rev. Lett. 114, 176806 (2015)
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first order in Q — iSwzyw = —tr G50, Q] = iS%gfb(l — cos 0)

first order in > — i{Sapg = —tr [Gs,gz Urs U} = ZSEES + ZstS

iS% ¢ — dissipation iS% ¢ — fluctuation
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U(1)®SU(2)—AES — like action : -\&(IT

iISAEs = — %dt%dt’ tr [Gso.(t =t YUT#) S (' —)U(1)]

U= Apor + Ao + Appoy + Appo-
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resembles 4 times the U(1)-AES-problem
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Equations of motion AT
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LLG equation + spin torque
Ohm's law + pumping current
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Ohm's law with pumping current and noise AT
goV —gesin® 06 = I4+61

noise correlation close to the stationary solutions at zero frequency
1

(0101) = 5 cos” — {QTT aaps(Vo — B-) + g1 ajps(Vo + B-)}
|
+3 sin? 20 0} {911 anes(Vo — By) + gty avps(Vo + B1) }

the geometric phase enters through

By = ¢¢ — ¢o(1 —cosh.)/2 B_ = ¢¢(1 —cosb,)/2

thermal noise (highT):  (0101) = 2gg9 T

shot noise (lowT):  (0[d]) =1 —» Fano factor=1

geometric noise terms add up to the pumping current contribution
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