Non-equilibrium properties
of a Mott insulator

INn an external electric field

Volodymyr M. Turkowski, James K. Freericks
Department of Physics, Georgetown University,
Washington, D.C. 20057

Veljko Zlatic
Institute of Physics, Bijenicka c. 46,
P.O.B. 304, HR-10001, Zagreb, Croatia

Acknowledgments:
NSF DMR-0210717
ONR N00014-99-1-0328

o J

Los Angeles March 2005




4 I
1 Motivation

e Most electronic devices (transistors, Josephson
junctions etc.) have a nonlinear current-voltage
relation.

e Devices become smaller, of order or below
100nm. A potential difference of 1V produces

an electric field £ ~ 107V//cm for nanometer
scaled devices.

o High density energy short time pulsed laser ex-

periments, fields £ ~ 10'V/cm. Itis impor-
tant to study the relaxation to equilibrium.

e Some strongly correlated materials, for exam-
ple inorganic semi-conductor S7oC 13, have
a strong potential for high bit-rate all-optical
switching.

e The Falicov-Kimball model was applied to de-
scribe some experimental systems, e.g.

YbInCuyg, EFulNis(Si1_.Gey)s, Ta, N,
and Sm Bg, in equilibrium.

e It is important to generalize the solution on the
non-equilibrium case.
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2 The Falicov-Kimball model

The Hamiltonian:

Z twczc] -+ Uszc C;.

<1,)>

(A. Georges et al, Rev. Mod. Phys. 68, 13 (1996),
J.K. Freericks, V. Zlatic, Rev. Mod. Phys. 75, 1333
(2003)).

Electric field:

10A(r,t

The Pelerls substitution:
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The vector potential: A(t) = A(t)(1,1,...,1).

The free electron spectra:

Yo (0 )
[

IS proportional to

e(k) = —t* Zcos(akl)/\/a
l

and

é(k) = —t* ) sin(ak!)/Vd.

[
t = t*/2v/d in the limit d — oo.

Two energy density of states:

( _) 1 €2 €
€. €) = eX —_—— — —
P2\€, 7rt*2ad p t*2 t*Q

(P.Schmidt, Diplome thesis, University of Bonn,
2002).
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3 Main equations

g = /de/dep2(e, €) [g0 " (,€) — Z}_l (1)

A=Gpm,— 9  — X (2)
1 — (V05 4 (0x] (3)
g = -
gi??71,p — A gm%p[:u — M U] — A
Y=gy — 9 — A (4)
The Kadanoff-Baym time contour:
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4 Equilibrium results
The relative ¢ and the average '/ time variables:

t:tl—tg, T:<t1+t2)/2

The lesser self-energy:

> (w,T) = /dteiwtz<(T +t/2,T — t/2).
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Lesser Green’s function, U=0.5, 5=1
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5 Time-dependence of the

current

The current density j'(7) is:

eat”

Vd

The total current density:

j(T) = Vdj'(T)

—1

In the non-interacting limit:

ANT
E sin (kla - hc( )) glex, T,TT).
k

j(T) ~ sin (Qm) [adlen

Bloch oscillations:

WPBloch — 6CLE/ﬁ.

\_

In the static case A(1") = — E¢T one gets the

p(e)
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Current, U=0.5, 8=1, E=1
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6 Conclusions

e A method which allows to analyze non-equilib-
rium properties of the Falicov-Kimball model in
d = oo in an external time-dependent electric

field has been developed.

® The precision of the solution was estimated by
comparing the results with the exact equilibrium
results obtained by the DMFT in d = oo.

e The time-dependence of the current density at
different values of the on-site repulsion [/ was
studied in the case when the constant electric

field is switched on at some moment of time.

® It has been shown that the Bloch oscillations of
the current density, which take place in the non-
Interacting case, can also survive in the case

of large U when £ is strong.
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