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Density functional theory

Hohenberg and Kohn 1964
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RBN = RS — IR
Hohenberg-Kohn theorem: All properties of the system are

completely determined by the ground state density.

Exact ground state density and energy can be obtained by
minimizing a universal density functional.
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-~ Hohenberg-Kohn theorem: All properties of the system are
completely determined by the ground state density.

& [Exact ground state density and energy can be obtained by

minimizing a universal density functional.

& [n practice, obtain many-particle density from an auxihary

noninteracting system

h2 VQ Kohn and Sham 1965
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Time-dependent DFT

Runge and Gross, 1984

~* Time-dependent density also plays a central role for
non-equilibrium systems

& [n practice, it 1s obtained from
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Time-dependent DFT

Runge and Gross, 1984

Time-dependent density also plays a central role for
non-equilibrium systems

In practice, 1t 1s obtained from

i) = | =5 o Vo (1 8)+ Valr, )+ Vaelo, )]0, | 5(r.
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Vxc from diffusion Monte-Carlo simulation of uniform atomic

gaSGS Pilati et a/ 2010, Ping Nang Ma et a/ 2012



Simulation of cloud collisions
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Deep optical lattices:
Time-dependent Gutzwiller method

Schiro and Fabrizio, 2010
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Deep optical lattices:
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Simulation of cloud expansion

Schneider et al, 2012
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Simulation of cloud expansion

Schneider et al, 2012
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Simulation of cloud expansion

Schneider et al, 2012
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Topological charge pumping of

cold atoms



Pumps

A pump 1s a device that moves fluids, or sometimes

slurries, by mechanical action.
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Pumps

A pump 1s a device that moves fluids, or sometimes
slurries, by mechanical action.
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Srtlasar-11-1999 Archimedes’ screw ~250 BC

Buttiker, Brouwer, Zhou, Spivak, Altshuler ...



Topological pump
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A topological pump transfers quantized charge 1n each

pumping cycle.

Thouless, Niu, 1980s
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Su, Schrieffer, Heeger, 1979
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& Current flows 1n an insulating state
& No dissipation!

¢ Dynamical analog of quantum Hall effect



Experimental progresses

Optical Superlattice (11-Jile IMaging

Féﬂing et al, Atala et al Gemelke, ¢t al, Sherson et al, Bakr et al

1534 nm lattice + 767nm lattice :
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1D pumping lattices
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1D pumping lattices
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1D pumping lattices
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1D pumping lattices
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1D pumping lattices
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Quantum dynamics
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1D pump and 2D QHE
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Gap & Chern number
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Gap & Chern number
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Gap & Chern number

OAg, — Ok Ay

F kg, )

— i {Vr, (£)| Ok, [Pk, (£))

At(k,)
\_

J

OO/
XX

AV,
Ve
2 ’A

‘-V‘-',--v,v. &
v,
A

YAV,
>,
‘Al

RRIXNS
Y,

AXX RS
EAXRS)
"0&'\
X

Dhiss
2




Gap & Chern number
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Gap & Chern number
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Practical 1ssues

Detection
External trap
Temperature effect

Non-adiabatic ettect



Trapping & Detection
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Trapping & Detection
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Temperature & Non-adiabatic eftect
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Measuring Chern number trom

topological charge pumping



Synthetic gauge-field in

optical lattices

~® [mprint complex phases to the hopping amplitude
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Hofstadter optical lattice
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Hofstadter, 1976




Hofstadter optical lattice
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Hofstadter optical lattice

2P
= _JZ o in—i—l,ncm,n =+ C:rn,n—l—lcmﬁ tHe = p/q

arXiv: 1212.4783 Hofstadter’s

butterfly in moire superlattices:
A fractal quantum Hall effect




How to measure Chern # ?



How to

Density profile

Umucalilar et al
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How to measure Chern # ?
Time-of—ﬂight

Alba et al, Zhao et al
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Semi-classical dynamics

Price et al
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How to measure Chern # ?
Time-of—ﬂight

Alba et al, Zhao et al
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We propose a new probe based on

Topological Pumping Effect 2k, Y)



Hybrid ToF
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Why 1t works?

Topological charge pumping
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Topological charge pumping 1s a common thread
unifies many features of topological states

Guideline for design and detection of topological
phases in cold atom systems



Thank youl!



FAQ

i 4

Tight binding limit? Do not need
Edge state modes, fractionalized charge ? Do not need
[s shding topological ? Yes



