66™ INTERNATIONAL

2023



Editors

Martynas Kersys
Sartinas Mickus

Cover and Interior design
Milda Stancikaité

Vilnius University Press

9 Saulétekio Av., III Building, LT-10222 Vilnius
info@leidykla.vu.lt, www.leidykla.vu.lt/en/
www.knygynas.vu.lt, www.journals.vu.lt

Bibliographic information is available

on the Lithuanian Integral Library Information System (LIBIS) portal ibiblioteka.lt.
ISBN 978-609-07-0883-5 (ePDF)

DOI: https://doi.org/10.15388/I0R2023

Copyright © 2023 [Authors]. Published by Vilnius University Press
This is an Open Access article distributed under the terms of the Creative Commons Attribution Licence, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

1


https://www.vu.lt/leidyba/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15388/IOR2023
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Ultracold atoms in optical lattices represent a unique platform for simulating various condensed matter phenomena
as well as realizing paradigmatic models. However, conventional optical lattices for ultra-cold atoms rely on the AC
Stark shift to produce a potential proportional to the local optical intensity. As a direct result, the lattice period cannot
be smaller than half the optical wavelength A. Recently, two techniques have emerged to create deeply sub-wavelength
lattices [1, 2, 3]; both can be understood in terms of “dressed states” created by coupling internal atomic states with one-
or two- photon optical fields.

Here we focus on a scheme, relying on sequentially coupling N internal atomic states using two photon Raman
transitions. This results in an adiabatic potential for each of the N dressed states, displaced by A /2N from each other. We
show that adding temporal modulation to the detuning from Raman resonance can couple the s and p bands of adjacent
lattice sites belonging to different dressed states. In the tight-binding limit, this gives rise to a pair of coupled Rice-Mele
(RM) chains with new regimes of topological charge pumping. The present study opens new possibilities in studying the
topological properties of subwavelength optical lattices induced by periodic driving.
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Fig. 1. Lattice concept. (a) Representative experimental geometry with a single frequency Raman beam traveling along
e, and N beams sharing the same spatial mode traveling along —ey. The level diagram for cyclic coupling is depicted on
the right. (b) Dressed state energies for N = 3. The dashed curves are computed for ; = ERr and the colored curves are
computed with a non-zero detuning.
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