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Introduction

Topological condensed matter physics has garnered significant interest
in recent years;

Interactions are able to alter topological phases of matter:

What about the environment?

perfect isolation of quantum systems is impossible;
non-perturbative effects.

Environment leads to quantum decoherence;

Is the environment only detrimental for topological phases?



The Model
SSH chain coupled with local baths

We consider two different versions of the model:

H = HSSH + HB + HSSH−B

We will analyze this model in:

OBC: quantitatively by mean of polarization and Binder parameter evaluated
through a QMC approach;

PBC: qualitatively with an analytic approach using Cluster Perturbation Theory
(CPT).



Open Boundary Conditions: QMC approach
Polarization and Binder parameter

Polarization operator:

p =
N∑

n=1

(
2n − 1− N

N − 1

)
(c†n,Acn,A + c†n,Bcn,B)

Binder parameter:

U =
1

2

(
3− < p4 >

< p2 >2

)
we apply OBC and use a world-line QMC approach to compute
equilibrium values of observables;

we prove that P(p) and U can be used as marker of topological phase
transitions.



Open Boundary Conditions: QMC approach
Bare SSH Chain

The distribution of Polarization P(p) and the Binder parameter U as
indicators of topological phase transitions:
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Open Boundary Conditions: QMC approach
SSH Chain + Bath

panels (a) and (b): topological phase (v < w)
α−→ trivial phase;

panels (c) and (d): trivial phase (v > w)
α−→ topological phase.
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Periodic Boundary Conditions: CPT approach
Cluster problem and Green’s function

Very powerful technique to deal with many-body systems with local interactions:

divide the whole lattice into a superlattice of identical finite-size cluster;

the Cluster Green’s function is solved exactly, whereas the hopping connecting
different Clusters are treated perturbatively.

tCL tIC

minimal cluster: two sites connected by a
hopping tCL interacting within a bath.

CPT Green’s function:

G−1
CPT (k, ω) = G−1

CL (k, ω)− tIC (k)

GCL is solved analytically.

Although the cluster is minimal, GCPT (k, ω) captures
qualitatively the correct physical behaviour.



Periodic Boundary Conditions: CPT approach
Winding Number and Critical Coupling
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From the Green’s function we can evaluate the
topological invariant:

η =
1

4πi

∫ π

−π
dkTr

{
σzGCPT (k , 0)∂kG

−1
CPT (k, 0)

}
the discontinuity signals the unique critical
coupling αc =⇒ the phonon interaction induces
a topological phase transition.

(red) coupled within w : trivial phase (v > w)
α−→

topological phase.

(blue) coupled within v : topological phase
(v < w)

α−→ trivial phase;



Periodic Boundary Conditions: CPT approach
Spectral Functions

One can consider the Green’s functions corresponding to the quasiparticle operators
{γk,+, γk,−} such that H(k) =

∑
k,µ=± Ek,µγ

†
k,µγk,µ for the bare SSH model.

Spectral Functions:

A±,±(k, ω) = − 1

π
ℑG±,±(k, ω)

At α = 0, A+,+(k, ω) = δ(ω − Ek,+) and A−,−(k, ω) = δ(ω − Ek,−);

for α < αc , the two principal peaks become closer and closer;

at α = αc the two peaks become coincident (closure of the gap) and then for
α > αc swap;

growing of polaronic tails due to the interaction.



Periodic Boundary Conditions: CPT approach
Energy Spectrum and Non-Hermitian model

From the poles of quasiparticle Green’s function we obtain the energy spectrum
(±Ẽk − iδk , with δk ≥ 0) =⇒ mapping to an effective non-Hermitian model:
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H1 = −i
∑
n,δn

µ(δn)

[
c†A,n+δncA,n + c†B,n+δncB,n + h.c.

]
,

H2 =
∑
n,δn

ṽ(δn)

[
c†A,n+δncB,n + c†B,ncA,n+δn

]
H3 =

∑
n,δn

w̃(δn)

[
c†A,n+δncB,n + c†B,ncA,n+δn

]



Phase Diagram
Critical points: CPT vs QMC

Comparison the values of αc obtained thanks QMC and CPT.
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where:

(a): local baths
coupled with
v -hoppings;

(b): local baths
coupled with
w -hoppings.



Conclusions

By studying the model in OBC and PBC and by mean of QMC and CPT, we
have shown that:

the probability of polarization P(p) and the Binder parameter U can be
used as markers of topological phase transitions;

depending on which hopping interacts with the bath, the environment
can be detrimental or favourable to topological phase;

the interaction with the bath gives rise to an effective non-Hermitian
model.

Paper submitted on ArXiv: ”Witnessing Environment Induced Topological
Phase Transitions via Quantum Monte Carlo and Cluster Perturbation
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