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|. Background

The experimental realisation of ultracold atomic mixtures has
revitalised the Interest in studying impurities immersed in
quantum mediums [1]. Amongst them, Bose polarons, I.e.
impurities immersed in bosonic baths, have attracted increased
attention [2]. In this direction, the study of ultracold atom impurities
confined in optical lattices [3] has emerged as an exciting new
platform for studying novel polaron physics [4-6].

lllustration of the system in
consideration. A one-dimensional
harmonically confined Iattice is filled
with a bath of bosons (red circles) and
one impurity (blue hatched circle).

In this work, we study an impurity interacting with a bosonic bath
trapped in a one-dimensional harmonically trapped optical
lattice. We examine the system's phase diagram and the polaron
properties across the superfluid-to-Mott insulator transition.

Il. Model
We consider a two-component Bose-Hubbard Hamiltonian [7/]

where b and | denote the bath's bosons and impurities,
respectively, M is the number of sites, and i, is the central site. We
perform numerical simulations for large systems using the DMRG
technique [8]. We perform simulations for M=60 sites and N,=40
bosons in the bath.

lll. Density profiles

We study the density profiles n,(i) = (n;,) of each species. We
rescale them in terms of the characteristic length [/]
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IV. Phase diagram

To examine the phase diagram we compute the average position
of each species and the size of the impurity cloud
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V. Polaron residue
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VI. Conclusions and outlook

We have studied one impurity immersed in a bosonic bath, both
confined in a harmonically confined one-dimensional optical
lattice. We find that the system shows a non-trivial phase where
both species form a composite Mott-insulator.

We have also studied polaron properties across the superfluid-to-
Mott insulator transition, obtaining agreement with previous works.
Future studies will include the consideration of fermionic baths
and of two impurities to study bipolaron properties.
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