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Extended Bose-Hubbard model

Bipartite lattice, lattice sites: r, r’

bi, br boson operators, T, = blbr number operators
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Bose-Hubbard model, € =0
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Cavity induced long-range interactions
H. Habibian, A. Winter, S. Paganelli, H. Rieger and G. Morigi, PRL 110, 075304 (2013)
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Experiment in 2d

Esslinger group, Nature 2016
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Linearization of the global-range interaction term

T=-T) (ISIBI-/ + H.C.> kinetic energy
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Suzuki-Trotter decomposition of the canonical partition function:
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Feynman path—integral expression:
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Hubbard-Stratonovic transformation for the quadratic termin V/(S*)
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For large N the integral is evaluated by the saddle-point method:
Veavity = —eN&* — —2eNxd + e Nz?

where x is calculated self-consistently: T = <57>Gs(1§r(a;))

in a (non-equilibrium) dynamical process x(t)has to be calculated
at each time-step



Large U-limit, one dimension

Excluding multiple site occupancies, &;L., a; hard-core Bose operators
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Jordan-Wigner transformation, followed by Fourier transformation:
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With C;T{,., Ck fermion operators,

k=2n-1)-n/L, n=1,2,...,L/2,
ap =+ 27T cos(k), Br=pu—2Tcos(k), ~=2x



The kand the &k — 7™ modes can be decoupled:

H)= Y 2Nl + Morflf_pilir + 227
O<k<m/2

With energy of eigenmodes:

Ap=—p—Ne Moo= —p+ X, Ap=(T?cos?(k) +&%2?)/?

Ak = Ax—k, thus itis enough to consider 0 < k < 7/2
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energy per site:
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e(ky,) = 7 Z A + 7 Z (A + Ap_r) + ex?

k€(0,km) ke(km,T)
2%kn\ 1 [P
—_HK (1——)——/ dk\/T2C082k+€22132—|—6372
2 T ™ Jo

DW order parameter
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self-consistency equation:
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energy vs Kk, - epsilon=1.0
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Phase diagram
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Phase diagram in finite systems
without linearization of V..

N,L=10 N, L=12

[ \V)

ON0O 2 =

OO N0 O =

(We)

(we)

o

0.5 1 1.5 2 0.5 1 1.5 2
(t/e) (te)

o

N, L=14 N, L=16

O—=NWh

~NOooOW—A——m

(we)

0.5 1 1.5 2

o

0.5 1 1.5 2
(t/e) (te)

o



Non-equilibrium dynamics after a sudden quench

t <O t >0
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change of parameters

state of the system: |W(t)) = exp [—iH(T, u,e)t] |¥o)

using the linearized Hamiltonian:
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Quench from the DW to SF phase
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Quench from the SF to DW phase
f z(t=0)=0—x2(t>0)=0

Stability test: x(t=0)=20>0, zo <1 — 2(t > 0) =7
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Quench from the SF to DW phase

SF correlations: <&;+T j>t — algebraic decay
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Summary

We have solved exactly a system of hard-core bosons
with cavity-induced long-range interactions in 1d
Ground-state phase diagram consists of Ml, SF and DW
phases

In non-equilibrium quench dynamics there are dynamic
phase transitions

Remanent DW order at DW to SF quenches
Dynamically generated SS state at SF to DW quenches
Possible experimental realization by cold atoms




Thank you for your attention!
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