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Ultracold atom experiments allow the simulation of rich
physical models that cannot be easily recreated in real
materials. In this work we study a generalization of the
Haldane model with spin on-site interactions that can
be reproduced in a cold atom experiment. We study
the properites of the ground state using a powerful
mean-field ansatz capable of taking into account the
long-range correlations of the system and matrix
product states. We find that the nontrivial topological
phases extend in the presence of interactions until they
are comparable with the kinetic energy scale. Finally,
we describe a cold atom setup that can simulate our
model and explore its topological properties.

Haldane model with on-site interactions.
The model describes particles in a honeycomb lattice
with nearest and next-nearest neighbor hoppings. The
first neighbor hoppings have a flux that breaks time
reversal symmetry, thus allowing the appearance of
topological phases. Additionally, there is an on-site
interaction between particles with opposite spin.  

where

The ground state of the noninteracting Hamiltonian
can be topologically nontrivial. This is characterized by
a topological invariant, the winding number, which
counts how many times the pseudospin, S, wraps
around the bloch sphere. 

Momentum space:

Matrix product states.
To check the validity of our mean-field results, we
computed the ground state with a MPS ansatz for a
lattice with 64 sites. 

Experiment proposal.
Recent advances in cold atom experiments, such as the
creation of artificial gauge fields, have led to the
simulation of the Haldane model in an optical lattice [1]. 
The simulation of our model is simple to achieve starting
from this simulation, as the inclusion of interactions
between particles is a straightforward step in ultracold
atoms, because they naturally interact with themselves
when they are in the same potential well. Its strength
can be controlled via Feshbach resonances.  To capture
the winding number, TOF images are an excellent tool
to measure the pseudospin field and to compute the
winding number from it.
[1] Jotzu G, Messer M, Desbuquois R, Lebrat M, Uehlinger T, Greif D
and Esslinger T 2014 Nature 515(7526) 237–240

Outlook.
Future goals for this project are the study of the
excitation spectrum, to improve our mean-field ansatz
and to improve our MPS computations to study bigger
lattices, which would allow us to accurately locate the
topological phase transitions.  

alvaro.rubiog@iem.cfmac.csic.es
MINECO/FEDER
Project FIS2015-70856-P

CAM PRICYT Project
QUITEMAD+
S2013/ICE-2801

Mean-field ansatz.
The ground state of the noninteracting model at half
filling is completely determined by the pseudospin field,
S. We may, therefore, approximate the interacting
ground state as a product state uniquely determined by
the pseudospin field.

Mean-field ansatz.
Functional form of the energy:


