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Motivation:

* Cold atoms are versatile quantum simulators

» Optical lattices loaded with cold atoms provide a clean realization of the Hubbard model [1]

* Driven optical lattices enrich the set of quantum models that can be simulated in cold-atom experiments [2]
* Localised dissipation is used as a way of probing properties of a bosons in a lattice [3]

» We study dynamical regimes of strongly correlated bosonic atoms under driving and dissipation

I) Bose-Hubbard model

« Optical lattices - standing waves of laser light loaded with cold atoms

 Parameters: tunneling amplitude J, local repulsive interaction U

U
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 The ground-state phase diagram at integer filling :

Mott-insulator to superfluid transition [1]
« Quantum phase transition at zero temperature driven by J/U
« Numerical methods: exact diagonalization for small lattice sizes,

finite-temperature Lanczos system for larger lattice sizes [2], the Gutzwiller mean-field theory [1]

* We analyze dynamics induced by a dissipative local defect
I. Vidanovic, D. Cocks, and W. Hofstetter, Phys. Rev. A 89, 053614 (2014).

* Driven optical lattices feature synthetic magnetic fields. We investigate the stability of fractional Hall states

in a few-particle sample in a driven optical lattice
A. Hudomal, N. Regnault, and I. Vasic, Phys. Rev. A 100, 053624 (2019).

 Recently, quantum transport within the Fermi-Hubbard model has been investigated in cold-atom setup
The onset of bad-metal behavior, characterized by the resistivity linear in temperature, has been established.
We investigate the conductivity in the strongly-interacting regime of the Bose-Hubbard model
I. Vasic¢ and J. Vucicevic, Phys. Rev. B 110, 064501 (2024).

I1I) Probing fractional Hall states in driven optical lattices

» The Harper-Hofstadter model: a two-dimensional lattice with uniform flux
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 The spectrum as a function of flux - the Hofstadter butterfly

« Strong repulsive interaction can stabilize fractional Hall states,
for both fermions and bosons
* For N,/Ny, =1/2, Ny = a L, X Ly, the ground state
corresponds to the Laughlin state ¥ (21, 22, ..., 2N,) ~ H(Zz — z;)?
i<j
 Topological properties encoded in the entanglement pa = 1Irpp
* Entanglement entropy S = —Tr (palogpa)
- Entanglement spectra [6] pa4a =¢ 4
« Momentum resolved particle-entanglement spectrum — counting

e Driven Bose-Hubbard model [9] ﬂlab(t) =H BH + H drive(t) + w Z N Tn.n
* Linear potential inhibits hopping along one direction mn
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» Tunneling is restored by a resonant drive Hgyive(t) = 5 Z sin (wt — Omon + —) Nmons Pmon =
m.,1mn

* From the Floquet theorem, the time-evolution operator is gi<fen by
ﬁ(t to) = e_iwtve_ik(t)e_i(t_tO)?:teff eik(to)ethOV
Y

» Micromotion operator k& (t), periodic « Time-independent effective Hamiltonia He

* For a finite-size system in the high-frequency regime 77 — fy, 1 v Z (I (o
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* Gap in the paricle-entanglement spectrum
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* Fractional quantum Hall states down to
w/J, >20,U/J, =10, and down to
w/J, >15,U/J, =1

* We slowly restore the tunneling amplitude along
the y direction, J,,(t) = J, tanh(nt), and slowly
ramp up the driving amplitude x(¢) = « tanh(nt)

¢(m +n)

IT) Dissipation through localised loss IV) Conductivity of lattice bosons at high temperatures

[ Optical
lattice » The retarded current-current correlation function Cl,(t) = —i0(t)([J, (), Jz])5, 8 = 1/T

- Lattice current J = —iJ > .y (bzbj — H. c. )

» Kubo formula for the optical conductivity [7] Ozz(w) = wiin ((—E%n)s + Cre(w))

* Localised dissipation as a way of probing
properties of a quantum system [4]

d_lz = —i|H,p| + g(QCLl,OagL — {1, p})

* Method - the Gutzwiller mean-field approximation, p = [ ] p: - 2 ( —BE _BE

» The condensate order parameter ¢; = It (pb;) Z””n (] Jz|m)| (6 — ) O (Wt En = Em)
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« We find the regime of resistivity linear in temperature
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* Lossy site: initial fast exponential decay « The properties of the neighbouring ¢y = A fu(W)) (B — (fu(w)Ep)n
of the local density followed by a saturation site do not change so rapidly with T
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* In the quasi-steady state, when the dissipation is balanced " Optical
by hopping, a constant current of expelled particles develops lattice r

» Analytical result for the steady state of an effective single SE/\ /%/\\ /\\ !
\ VoV Vo

cavity [5] \V
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F(c,d,z) 1isageneralized hypergeometric function.
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« When the interactions are very strong ¢ ~ J

dN/d(J t)

, Quantum Zeno effect: ¥ > 1 » As the tunneling becomes stronger, this dependence takes quadratic form ¢1 ~ J 2
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« At very strong coupling and half filling, we identify a separate linear resistivity regime at lower temperature,
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corresponding to the hard-core boson regime [8]
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