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Abstract

We consider interacting bosons in a 2D square and a 3D cubic optical lattice with a periodic
modulation of the s-wave scattering length. At first we map the underlying periodically driven
Bose-Hubbard model for large enough driving frequencies approximately to an effective time-
Independent Hamiltonian with a conditional hopping. Combining different analytical approaches
with quantum Monte Carlo simulations then reveals that the superfluid-Mott insulator quantum
phase transition still exists despite the periodic driving and that the location of the quantum phase
boundary turns out to depend gquite sensitively on the driving amplitude. A more detailed quantita-

tive analysis shows even that the effect of driving can be described within the usual Bose-Hubbard
model provided that the hopping is rescaled appropriately with the driving amplitude. This finding
Indicates that the Bose-Hubbard model with a periodically driven s-wave scattering length and the
usual Bose-Hubbard model belong to the same universality class from the point of view of critical
phenomena [1].

Floguet Theory

e Bose-Hubbard Hamiltonian with time-periodic driving:
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condition: U, t < hw < A
time average over driving period [2]

e Effective time-independent Bose-Hubbard Hamiltonian:
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e Examples:
Shaken lattice

H(t) = Hpy + Acos (wt) Z n;
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M odulated interaction [6]
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e Bose-Hubbard Hamiltonian with current:  Hpy(J*, J) = Hpy + >, (J*&Z- - J&;f)
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— Limit of vanishing current: order parameter ¢*, 1) from extremizing effective potential I" [9]

e Landau expansion: I = ag + as|Y|? + agly|* + - --
—> Landau coefficients determined in tunneling expansion

e Grand-canonical free energy:
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e Legendre transformation:
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e Gutzwiller mean-field theory (dots):
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e Landau theory (solid lines):
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e Restriction of first hopping order:
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Second Hopping Order (2D)

e Strong-coupling method [10]

e Quantum Monte Carlo [11]

e Second-order Landau theory [12]
— error less than 6 % for

A
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Critical hopping: Critical chemical potential:

pe(A) — (n = 1)U

St = pe(A=0) = (n—1U
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— uniform renor malization

en=1, =wn=2, en=3, An=100 (3D: dots without lines, 2D: dots with lines)

Approximation due to uniform renormalization of critical hopping
with driving amplitude
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