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Applying an “electric” field to the Mott insulator
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Resonant transition when E=U
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Resonant transition when E=U
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Resonant transition when E=U
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Resonant transition when E=U
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Resonant transition when E=U
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Two states with Ising density wave order
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Hamiltonian for resonant dipole states (in one dimension)

d! = Creates dipole on link /

H, =-Jt:rS(dl +d )+ U-E)Ndld
d Z( / z) 2 Al
Constraints: d/d, <1 ; d) d, d'd =0

Determine phase diagram of H , as a function of (U-E)/t
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Hamiltonian for resonant dipole states (in one dimension)

d! = Creates dipole on link /

H, =-Jt:rS(dl +d )+ U-E)Ndld
d Z( / z) Z Al
Constraints: d/d, <1 ; d) d, d'd =0

Determine phase diagram of H , as a function of (U-E)/t

Note: there 1s no explicit dipole hopping term.

However, dipole hopping 1s generated by the
interplay of terms in /4, and the constraints.
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Weak electric fields: (U-E)>=>> ¢

Ground state 1s dipole vacuum (Mott insulator) ‘O>

First excited levels: single dipole states ~ d, ‘O>
e ~_
t 5

If both processes are permitted, they exactly cancel each other.
The top processes 1s blocked when ¢, m are nearest neighbors

Effective hopping between dipole states d;f ‘ ()> d; ‘ O>

2

= A nearest-neighbor dipole hopping term ~ 1s generated
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Strong electric fields: (E-U)>> ¢

Ground state has

Two-fold degeneracy associated with Ising density wave order:

or "'d;djdgdgdfodfz

"'led;rdsTd;delTl ‘O>

30 4

Eigenvalues

maximal dipole number.
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I[sing quantum critical point at E-U=1.08 t

Equal-time structure
factor for Ising order
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Phase diagram
of boson model
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Square lattice tilted along lattice direction

: A 2
small tilt 7 > 1 19 ‘ = quasi-particle
—J O hole
% L@ = quasi vacuum

MI phase Ising
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Square lattice tilted along lattice direction
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Square lattice tilted along lattice direction
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Square lattice tilted along lattice direction
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Diagonal tilt: density wave order persists
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Tilted triangular lattice

Ising and superfluid transition like in case of square lattice

tilt any direction: ordered state for strong tilt
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Kagome lattice
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Kagome lattice

new: unique ground state in both limits

superfluid in strong tilting limit due to frustration

i A
strong tilt - <1 Tonks gas

o () () () () J/
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next:
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Kagome lattice

new: unique ground state in both limits

superfluid in strong tilting limit due to frustration

strong tilt % < -1 >< ><

A X

® -q
O =ho M M N N

quasi vacuum

uasi-particle

)
L)
LJ
L&

next: tilting towards the right gives rise to interesting spin-liquid-like state.This situation can also
be realized by a diluted square lattice in diagonal tilt
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Decorated square lattice: spin-liquid-like state

diagonal tilt: not all sites can participate in forming particle-hole pairs,
and there is no transverse superfluidity
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Decorated square lattice: spin-liquid-like state

diagonal tilt: not all sites can participate in forming particle-hole pairs,
and there is no transverse superfluidity

strong tilt
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Decorated square lattice: spin-liquid-like state

diagonal tilt: not all sites can participate in forming particle-hole pairs,
and there is no transverse superfluidity
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Decorated square lattice: spin-liquid-like state

Effective model in strong tilting limit
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Decorated square lattice: spin-liquid-like state

Effective model in strong tilting limit

effective
4 state model
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Decorated square lattice: spin-liquid-like state

Effective model in strong tilting limit

effective
4 state model
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Decorated square lattice: spin-liquid-like state

Effective model in strong tilting limit

effective
4 state model

-—% constraint!

Wednesday, February 9, 2011



Decorated square lattice: spin-liquid-like state

* t=0:many degenerate ground states that maximize number of particle-hole pairs

EEEE
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Decorated square lattice: spin-liquid-like state

* t=0:many degenerate ground states that maximize number of particle-hole pairs

EEEE

. . . A A A ~ -
¢ finite hOPPIng t: H — PCHPC H = ZH[,,,: Him = —tesi Z 17) (7]

Im i,0=0
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Decorated square lattice: spin-liquid-like state

* t=0:many degenerate ground states that maximize number of particle-hole pairs

EEEE

. . . A A A ~ -
¢ finite hOPPIng t: H — PCHPC H = ZH[,,,: Him = —tesi Z 17) (7]

Im i,)=0

-------------------------------
* .
0
«

: second order hopping

U - E|

0. *
-------------------------------
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Decorated square lattice: spin-liquid-like state

* t=0:many degenerate ground states that maximize number of particle-hole pairs

HH HH HE B

. . .'
* finite hopping t: H—=P.HP. H=> Him:  Him=—ta ¥ |i){jl

Im i,0=0

ground state : equal amplitude superposition of all allowed states

1
: ! * unique ground state: no broken symmetry, no topological property
' we can use classical statistical mechanics to calculate ground state correlations

* exponentially decaying correlations

* gapped excitations

0. *
-------------------------------
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Doubly-decorated square lattice

Realizing subspace for dimer model on square lattice
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Doubly-decorated square lattice

Realizing subspace for dimer model on square lattice

\e

Dense dipole state
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Doubly-decorated square lattice

Realizing subspace for dimer model on square lattice

\e

Hilbert space and effective Hamiltonian of quantum dimer model

Dense dipole state
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Conclusions

* rich possibility for correlated phases in the
density sector of cold atoms

* accessible by tilting Mott insulators

JEL’:
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