
• A single impurity (↓) on a graphene lattice.

• Fermi gas (↑) filling the lowest band of a Haldane lattice  
(graphene lattice + time-reversal breaking NNN hopping + A/B energy offset)  

so that it forms a topological band insulator. 
 
 
 
 
 
(α, β: band index in the diagonalized Hamiltonian)  
 
 
 
 
 
 

• Contact interaction between impurity and bath:
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Mobile impurities in a quantum bath play a fundamental 
role in a wide range of systems (metals, semiconductors, 
Helium mixtures, high-Tc superconductors, …)

Here  we  study  an  impurity  particle  interacting  with  a 
Fermi  gas  in  a  Chern-insulating  state.  The  interaction 
leads to the formation of an exotic polaron, consisting of 
a coherent superposition of the “trivial” impurity and the 
surrounding topological cloud.

We characterize this composite object by calculating the 
polaronic transverse conductivity, i.e., the transverse drag 
exerted  by  the  dressing  cloud  on  the  impurity,  using 
diagrammatic as well as variational methods. 

The polaron is shown to inherit some of the topological 
properties  of  the  Chern  insulator  through  genuine 
interaction effects.

External force & transverse current

Experimental remarks and 
conclusions

System

Variational treatment

• The  Haldane  model  has  been  realized,  and  its  Berry 
curvature measured, using ultracold atoms [1-3].

• Transverse displacement of the impurity:  

• With 
and              , one finds a significant drift  

• If the force acted on the impurity only, 

• Related work investigated impurities strongly-bound to 
quasiparticles in FQH and 1D chiral models [4, 5]
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• The transverse conductivity of the polaron scales as g2: 
 
 
 
 
 
 

•         is qualitatively very similar to the Chern number    :  
   ‣ it vanishes whenever  
   ‣ however, it is not quantized.

• Composite Berry curvature of the polaron:

•          closely mimics        : the geometric properties of 

the substrate are faithfully mapped on the polaron!
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• Interactions lead to the creation of a Fermi polaron 

• Chevy Ansatz: 
 

non-interacting ground state:      

non-interacting excited. state: 

• Minimize                             to find

• However,  the  topological  properties  of  the  underlying 
substrate  will  not  affect  drastically  the  “usual” 
quasiparticle properties,  such as the polaron energy or 
residue. 
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Non-trivial effects due to the topology of the underlying 
substrate appear in the transverse response of the polaron 
to an external force.

We consider a uniform force, acting on both the impurity 
and the bath:           
generating a perturbation

Interactions  can  generate  a  non-zero  transverse  (Hall) 
current on the impurity:                              

Within linear response, the Hall polaron conductivity can 
be  written  in  terms  of  the  current-current  correlation 
function:  
 
 
where

F(r) = −∇V (r) (with F(r) = −Fyey)
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Diagrammatic calculation
Transverse conductivity of the polaron:

0th order:

1st order:

2nd order:

An  identical  result  can  equivalently  be  obtained 
evaluating the composite Berry curvature in terms of the 
Chevy Ansatz, expanded to 2nd order in g.

impurity
majority

vanishes for a 
single impurity

decoupled 
sums —> zero 
contribution
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Composite Berry curvature
• The Berry curvature  is  an essential  tool to understand 

non-interacting Chern insulators.

• Likewise,  we  can  here  introduce  a  composite  Berry 

curvature for the polaron, writing  

 

•           describes the Berry curvature of an excitation 

involving particles σ and σ’ with total momentum Q.

•                is the usual curvature of the Haldane model.
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