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Background: environmental engineering

Cavity QED: the emission properties of an atom can be
modified by placing it inside a cavity or a waveguide
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Background: environmental engineering

We can generalize from this picture in a variety of ways.

One can consider the interaction of qubits and atom-like

states with a variety of artificial environments (photonic
lattices, etc.)

 atom-photon bound states
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Quantum optics with topological baths
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Unconventional quantum optics in topological
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Bound states 1n a 2-D topological
ring resonator array with quantum emitter
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FIG. 1. (a) Scheme of the two-dimensional coupled ring res-
onator array. The orange dot represents the QE, which is placed
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Bound states 1n a 2-D topological
ring resonator array with quantum emitter
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Weak-coupling bound states -
1-D topological model

In this study, we consider a quantum emitter coupled to a
topological 1-D reservoir (the SSH model)

The SSH model is often used t
bulk-boundary correspondenc




Bulk-boundary correspondence

A key property of topological insulator models is the so-
called bulk-boundary correspondence

Hamiltonian H winding number
(periodic boundary conditions)

Hamiltonian H
(open boundary conditions)




Su-Schrieffer-Heeger (SSH) model

SSH gives a simple prototype of a 1-D topological insulator
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Left-hand
state

These are zero-energy modes E = 0




Edge states in the SSH model: spectrum

Most SSH energy levels are
organized into two bands |
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Bulk-boundary correspondence in SSH model

E(k) = |v+e—ikw‘ = V/v2 +w? + 2vwcosk.

We show this dispersion relation for five choices of the parameters in Fig.
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SSH model as topological structured reservoir

We first consider SSH under semi-infinite extension:
SSH pair

A N pairs

We then attach a quantum emitt
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Standard SSH notation: A and B sites

SSH pair

A N pairs




Standard SSH notation: A and B sites

11, A) 12, A) 13, A)
. . . ‘ ._ .....

11,




First step: infinite SSH chain

We first diagonalize an infinite SSH chain, and then build
solutions to the semi-infinite chain.

Hoo — 2 U1(|n1B><n + 1,A| ar |Tl + 1,A>(Tl,BI) +]2(|n,B)<n,A| + |n,A><n,BD]

n=—oo

Eigenstate ansatz: [k +) = Z |

n=—o0o

Then we find effective eigenval
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Infinite SSH chain: continuum eigenstates

We find solutions for the infinite chain of the form

1 < .
k) =— ) [filnA) In Be™
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And Ek,i = i\/(]z +]1




Semi-infinite SSH chain: Hamiltonian

We turn now to our original goal: semi-infinite SSH chain

n=1

|1, A) 12,A
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Semi-infinite SSH chain: Solution

Eigenstates of semi-infinite SSH chain: written as a linear
combination of solutions from the infinite case, satisfying

appropriate boundary conditions.

1
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with the key property:

(O;B|¢k; i) =sin0 =0

(decouples from sites to the left of




Diagonalized SSH semi-infinite model

Our eigenstates indeed diagonalize H as expected
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Winding number properties

J1 <J; J1> 12
Winding number is zero Non-vanishing winding number
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Edge state revealed in the resolution of unity

If we assume the resolution of unity is given by

1= S Ik )

We find

T dk fkeikn _fk*e—i
o 28 21

(n,Aln', A) = J

_s jn dk J, + e
" —71;277'- ]2 +jle



Resolution of unity 1n the topological case

For J; > J, we must include the (left) edge state
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Energy spectrum and quantum emitter
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Edge state is exact, but isolated:




Energy spectrum and quantum emitter
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Edge state is exact, but isolated:

Emitter acts as a probe
of the topological
properties of the system




Chiral sublattice symmetry

11, A) 12, A) 3, 4)

1q) |1, B) 12, B)

Sublattice operator:

X, =Py —Pp

Sublattice projectors:

N
j=1




Chiral sublattice symmetry

11, A) 12, A) 3, 4)

1q) |1, B) 12, B)

Sublattice operator:

X, =Py —Pp

Chiral symmetry:

> HY,=—H




Chiral sublattice symmetry: zero energy state

11, a) 12, a) 13, a)

1q) |1, b) 12, b)
detH = (—)"detH implies detH =0

setting E=0=
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yields the condition e'* = —
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Green’s function: ordinary discrete eigenstates

11, a) 12, a) 13, a)

[y 11,b) |2, b)

We can obtain the remaining discrete energy solutions from the
Green’s function at the quantum emi
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Spectrum: J, > J; case

two bound states

-
-
T
-~

------




Spectrum: J, > J; case

two virtual states




Spectrum: J, > J; case

z=E+1T

resonance/anti-res pair




:J, > J, case

Spectrum
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Spectrum: J; > J, case
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Region IV: two inner
gap virtual states

Region V: two inner
gap bound states




Spectrum: J; > J, case

V IVI: 1 |

Region IV: two inner
gap virtual states

Region V: two inner
gap bound states

Reg. V bound states:

) ~ %(Icn * [e))



Spectrum: J; > J, case
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Region IV: two inner
gap virtual states
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Region V: two inner
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Spectrum: J; > J, case
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Region V dynamics

Region V dynamics (non-Markovian, non-dissipative)

are totally distinct from uniform chain (Markovian decay)

J1=1.5, J2=1.0, g=0.1 —
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Region V dynamics

Region V dynamics (non-Markovian, non-dissipative)

are totally distinct from uniform chain (Markovian decay)
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Conclusions (1/2)

Semi-infinite extension of the SSH model:
» left edge state becomes exact zero mode (right state vanishes)

* “in-house bulk-boundary correspondence”
— continuum winding number predicts edge state under the same B.C.'s

Semi-infinite SSH model with attached quantum emitter

* non-trivial Regions IV and V appear in
of the bare chain

* weak-coupling bound states in Region
between the quantum emitter and ed

Numerical study (2-D model): H. Zhang, et al,




Conclusions (2/2)

Non-Markovian Dynamics at the EP:
* early time behavior: P(t) ~ (1 — Cyt + C5t?)*
* late time: P(t) ~ 1/t>

previous paper: s G.and K. Noba,

(Reveals that the edge state can influ
model with a local PT-symmetric pot




