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Quantum Monte Carlo

e We can solve static properties of

e Bosons in any dimensions, Trotzky, Pollet, Nature Physics, 2010

® Fermionsin 1D forall T, 2D and 3D at T>0.05Er
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Non-equilibrium dynamics

Schneider, Nature Physics 2012
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Non-equilibrium dynamics

Schneider, Nature Physics 2012 Sommer, Nature 2011
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e Hohenberg-Kohn theorem: All properties of the system are
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e [ixact ground state density and energy can be obtained by
minimizing the density functional

Elp| = Flp| + / drVex: (r)p(r)
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Magnetism in harmonic trap
and shallow optical lattice



Uniform system: QMC

Uniform system shows ferromagnetism for high
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Ferromagnetism 1n shallow optical lattices
Ma, Pilati, Troyer and Dai, Nature Physics, 2012
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Antiferromagnetism
Ma, Pilat, Troyer and Dai, Nature Physics, 2012
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Antiferromagnetism

One Band Ma, Pilati, Troyer and Dai, Nature Physics, 2012
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Back to Trap

Jo, Science 2009
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Back to Trap

Sommer, Nature 2011
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Time-dependent DFT

Runge, Gross 1984
* Time-dependent density obtained from

A

2m

0 (1) = [ F Vet (1, 8) + Via(r, ) + Ve o', )], t)] 5 (r, 1

e TDDFT i1s exact with exact exchange-correlation potential->

adiabatic local-density approximation

e Widely applied to dynamics in chemistry, biophysics and solid-
state physics, see http://www.tddft.org/
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Finite-temperature DEF'T for
unitary Fermi gas



Unitary Fermi gas
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Finite-T DFT Mermin 1965

Kohn,Sham 1965

K" [p] + [Fixclo] + / dr(Vexs(r) — p)p(r)

9;°
e(ej_ﬂ)/kBT = f




Finite-T Vuxc



Finite-T Vuxc

e Lack of finite-T energy functional



Finite-T Vaxc

e [ack of finite-T energy functional

e Just use T=0 one ?



Finite-T Vaxc

e Lack of finite-T energy functional
e Just use T=0 one ?

e But ...



Finite-T Vuxc

e Lack of finite-T energy functional

e Just use T=0 one ?

ICF capsule at ignition *
c 10® |
s White Dwarf
6 Solar core * cores
te
S’
(O]
e 6
% 10 :
— \C‘ |
0 6\\\\1‘
Q. ‘Q\‘O
E A\
O] '8 discharges * jupiter core
— 10

* farth core

1072 1 10° 10* 10°

Density (grams/centimeter3)

1074



Finite-T Vuxc

e Lack of finite-T energy functional

e Just use T=0 one ?

1074

ICF capsule at ignition *

White Dwarf

cores

Solar core

T
&
\oé‘“\\‘
o

* jupitler core

* farth core

1072 1 10° 10* 10°

Density (grams/centimeter3)



Finite-T Vuxc

e Lack of finite-T energy functional
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Vixc from Bold Diagrammatic MC

Van Houcke 2012 Nature Physics
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Temperature dependence of Vixc
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Four atoms 1n a trap
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Four atoms 1n a trap
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KS vs TFA

v | drlos(v) — preatr)
Left ReservonN Channel .nght Reservoir
I

Microscope

Brantut 2012
Talk on Thursday



Breathing mode
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Breathing mode
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Summary & Outlook

e DFT 1s a usetul tool for statics and dynamics of
cold atoms systems

e |n long term...

* Bosons, superfluidity, open systems ...

e Well controllable cold atom experiments can be used to
calibrate and improve DFT itself



Thank youl!



