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Motivation

Interest : Long time behavior of periodically driven system

Electron pump: varying two independent parameter with phase
shift

time-dependent onsite energy and hopping to
left reservoir

€o(t) = €9 + Aecos(§2t)
tr (t) = EL + At Sin(Qt)

Experiment: Switkes et al. (1999)



Interacting resonant level model

I' = 777-2/01'68
T > tL/R

H = Hdot + Z Hcoup,a - Hlead,a

Haor = €0(t)no + (tr(t) dldy + tr dids + H.c.)
+U|(n1 = $)(na = 1) + (02 = 3)(n3 = 3)|



Interacting resonant level model
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Interacting resonant level model
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1P|l scheme and vertex expansion:

Flow equation: ~ »(t)»— =

e Keldysh formalism for nonequilibrium
- GY = G

e auxiliary reservoirs to introduce cutoft

Ainitial = 00 Afna = 0




time-dep fRG
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Time-dep fRG : Kennes et al. (2012)
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(i% _ eeff(t))(;R(t, 1) = 6(t, ')

Floguet theorem:

Floquet state solution: ¢ (t) = e u(t)

Floquet-Hamiltonian  H(q,t) = H(q,t) — th—



Floquet space formalism

Transformation in the Floquet space: R&®T

R : real space T space of time-periodic functions
. 2
i) =l |0) k) =e 2% pez Q:%
ik
(t) = )_ene™ (k| e(t) | K') = ewr—k = exs
k

Example: periodically oscillating onsite energy of two-site model

H(t) = e(t)d!dy + t,(d]dy + H.c.)

(i, k| H|j, k") = (€0 — k2)0; 10k 1 + €k —k0; j + th0s j+10k &/

ret L -
Gw) = w—H + 20"

Green’s fct + Floquet space : Wu et al. (2008)



Occupancy on an oscillating, interacting dot

Transient and long time behavior
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Conclusion and Outlook

Floguet space natural choice to treat time-periodic systems
fRG in Floquet space resembles stationary form

wide range of possible system: non-adiabatic systems, different
charge pumping situations, periodically varying bias voltage, time
dependent interactions, arbitrary periodic variations



