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# Pump-probe experiments

time-resolved ...
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# Many-body systems out of equilibrium
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#Nonequilibrium DMFT

H = —t Z C,;Cjoc + UZniTnu +External field E(t)
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Schmidt & Monien 2002
Freericks, Turkowski & Zlatic 2006
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DMFT —>» time

) — E(w) one ,,impurity problem“ per site,

coupled by self-consistent bath

Impurity solver:

Werner, Oka Millis 2009 I

Gramsch, Balzer, Eckstein, Kollar 2013

CTQMC,

Krylov,
strong-coupling expansion (NCA)Eckstein &Werner 2010

weak-coupling theory (IPT etc.) Tsuji &Werner 2013

) = talk by E. Gull
Review: Aoki, Tsuji, Eckstein,Kollar,Oka & Werner, RMP 2014



# Modification of Jex by photo-doping
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Jox = t°/U

What is Jex in 2 nonequilibrium state!?

How fast can it be changed ? (When is Jexa useful concept at all? )



# Photo-induced melting of the antiferromagnetic phase

see also Tsuji, Eckstein & Werner, 2013
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# Rigid spin dynamics

Direct ,,measurement™ of the exchange:

as

s = —v85 X (Jex Z S; + B) classical mean-field dynamics
neighbors j

AFM in transverse B field: equilibrium AFM in transverse B field: dynamics

/\/ e[ Te]e 1

change of Jex = precession around Bx
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Mentink & Eckstein, arXiv 1401.5308

# Spin dynamics in DMFT

DMFT: AFM in transverse B field

Laser Pulse: (Q = U = Mott gap
(hypercubic lattice, U=8)
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# Spin dynamics in DMFT

DMFT: AFM in transverse B field

Laser Pulse: (Q = U = Mott gap
(hypercubic lattice, U=8)

01
E = /()
00f = _
-0} :
[ ] Sx(t
-02 /CD\ ] X()
O ]
| — P
_oal =
OOlonnnnlllu_n

0.005}
0.000
-0.005
-0.010

time [inverse hopping]

Mentink & Eckstein, arXiv 1401.5308

Exchange Jex:
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# Spin dynamics in DMFT

DMFT: AFM in transverse B field

Laser Pulse: (Q = U = Mott gap
(hypercubic lattice, U=8)
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Modification of Jex like for chemical doping

Timescale=hopping < |/ Jex



I Modification of Jex by in a driven state 2?2

E(t) = Eqycos(wt)

time
2e?

eﬂ-‘—JZSS Heff:_JZSiSj eﬂ-’—JZSS

Reversible control of Jex under the off-resonant action of laser?



# Coherent desctruction of tunneling
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# Coherent desctruction of

N
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>

E(t) = Eycos(wt)

e(k) — e(k+ A(t))

A(t) = o cos(wt — mw/2)

W

= time-averaged dispersion:

e(k) = % /O dt e(k + A(t))

(E)e(k)

Grossmann & Haenggi 1992
Struck et al. 201 |
Tsuji et al.201 |

= talk by T. Oka
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# floquet theory

Schrodinger equation for Solution via Floque's theorem

time-periodic Hamiltonian ~ ,Bloch theorem in time"
10:|W(t)) = H(t)|W(t)) U(t)) = e "“pa(t))
H(t+T) = H(T) Yot + 1)) = [ta(t))

,adiabatic principle” Change amplitude/frequency slowly: |A/A\ < w

adiabatic evolution into Floquet state
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H#Application to two-site Hubbard model

two-site Hubbard model:
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H#Application to two-site Hubbard model

two-site Hubbard model:
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H#Application to two-site Hubbard model

two-site Hubbard model:
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H# DMFT

DMFT: AFM in transverse B field + electric field E(t) = F)y cos (wt) exp {

(hypercubic lattice, U=10)
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H# Strong driving: reversing sign of Jex

\e}

— U=10, w=6—
15 : . . .
5 = transition to ferromgnetic state under driving !
>
ﬁg 0.5 E; Angular momentum conserved,
- need at least spin-orbit coupling
-1

= evolution of AFM with FM spin-Hamiltonian!?

UAFM(t) — eXP ( — itJeX Z S@SJ>
(@)
Una () = exp (— it(—Jex) D 8i; ) = Unmna(t) ™
(i)

= ,,propagation backwards in time"



# Strong driving: reversing sign of Jex

|0-site Hubbard chain U=20 T(0)) = cipel, - chrelo, |0)
exact time-propagation
initial state = perfect Neel State = [T OIDDIDIDITDTDID )

Free time-evolution
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# Strong driving: reversing sign of Jex

|0-site Hubbard chain U=20 T(0)) = cipel, - chrelo, |0)
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# Conclusion

The exchange interaction can be controlled with electric field of the laser

— Photo-excited states with modified exchange:
Effect on exchange interaction (~2%) similar to

chemical dOPing Mentink & Eckstein, arXiv 1401.5308

* exchange in laser-driven state

— anything is possible (Jex = -Jex )

— driven superexchange: AJ/] ~ 0.1%

Mentink, Balzer, Eckstein, to be submitted



