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OUTLINE

* What Is a topological state?

- Chiral symmetry & Topological protection

- Bulk-boundary correspondence

* Rabl Hamiltonian
» Rabi-Su-Schrieffer-Heeger (RSSH) model
» lopological features in RSSH model
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START WITH CHIRAL SYMMETRY

WITH SIMPLE EXAMPLES




A SUPER SIMPLE QUIZ

EIGENVALUES
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A SIMPLE QUIZ
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A CHALLENGING(?) QuUIZ

HOW MANY ZERO-EIGENVALUES?
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CHIRAL SYMMETRY

“ANTI-SYMMETRY"
S1 _ _ 1
S9 1
S3 1
0 0 0O 1
0 0 0O 1
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So 0 O —1
s3 0 0
amiltonian Chirality operator
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Chiral symmetry
protects zero-energy states!



PHYSICAL EXAMPLE

RENCE-FREE SUBSPACE

Chen,Wang, Stetano, Choi (PRA, 2022)
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VWHERE IS TOPOLOGY!

» lopology Is about “continurty.”
* [herefore, we need to consider a ‘'matter;”



START WITH A TIGHT-BINDING MODEL
SU-SCHRIEFFER-HEEGER (SSH) MODE




SU-SCHRIEFFER-HEEGER (SSH) MODEL

IN FACT, NOT QUITE!
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SU-SCHRIEFFER-HEEGER (SSH) MODEL

IN FACT, NOT QUITE!
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1 OO ROBUST, NO [RANSITION

NOT-QUITE-SSH MODEL
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T HERE IS SOMETHING IN THE ZERO-ENERGY STATE!
NOT-QUITE-SSH MODEL
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A" TRUE SSH MODEL

COMBINING TWO SUBCHAINS




A" TRUE SSH MODEL

COMBINING TWO SUBCHAINS

Iwo edge states at zero-energy



A" TRUE SSH MODEL

COMBINING TWO SUBCHAINS

No edge state, no zero-energy state



A" TRUE SSH MODEL

JUST CHANGING THE RATIO IN A FULL CHAIN

lt1>t2




SOME | RANSITION!

VWHERE DOES IT COME FROM!




| HE PERIODIC SSH MODEL

BEFORE [T IS BROKEN TO AN OPEN CHAIN
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| HE PERIODIC SSH MODEL

BEFORE [T IS BROKEN TO AN OPEN CHAIN
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| HE PERIODIC SSH MODEL

BEFORE [T IS BROKEN TO AN OPEN CHAIN
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| HE PERIODIC SSH MODEL

BEFORE [T IS BROKEN TO AN OPEN CHAIN

B(k) = (t1 — tycosk, —to sink, 0)
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SU-SCHRIEFFER-HEEGER MODEL

(1D SPINLESS FERMION ON A BIPARTITE LATTICE)




SU-SCHRIEFFER-HEEGER MODEL

(1D SPINLESS FERMION ON A BIPARTITE LATTICE)




SU-SCHRIEFFER-HEEGER MODEL

(1D SPINLESS FERMION ON A BIPARTITE LATTICE)
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SU-SCHRIEFFER-HEEGER MODEL

(1D SPINLESS FERMION ON A BIPARTITE LATTICE)
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BULK-BOUNDARY CORRESPONDENCE

lopologically non-trivial state in a bulk =
/ero-energy states at the boundary



SUMMARY SO FAR

CHIRAL SYMMETRY & [ OPOLOGICAL STATES

» Chiral symmetry protects zero-energy states.

» Chiral symmetry leads to a topological classification of states.

- I he topological states are revealed most clearly by the bulk-
boundary correspondence.

+ Other anti-unitary symmetries (time-reversal and particle-hole)
also lead to topological classifications of states.



ASYMMETRIC RABI HAMILTONIAN

CHIRAL SYMMETRY KICKS IN




ROTATING VS COUNTER-ROTATING [ ERMS

(ASYMMETRIC RABI HAMILTONIAN)

gla'+a)(6T +67)=g(@'6~ +ac") +g(a'et +as")
— g1 (067 +a6") +go (a'6T +acT)
_/_/ h,—/

rotating counter-rotating

Erlingsson et al. (PRB, 2010), Schliemann et al. (PRB, 2003)

omka et al. (PRA, 2014), Schen et al. (APB, 2014), ...



PHYSICAL IMPLEMENTATIONS



CIRCUIT QED SYSTEM

Blais et al. (PRB, 2004)

g/2m ~ 50 MHz

Hcoupling — g(a]L T a)UX




CIRCUIT QED IMPLEMENTATION

()
50 + g (a0 +act) + gp(a’ocT +ac™)
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Chen et al. (PRL, 2014)
Lu et al. (PRL, 2017) McKay et al. (PRAppl., 2016)
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ASYMMETRIC RABI HAMILTONIAN

Hop =wala + =Q6% + g1 (a'6~ + a6

Erlingsson et al. (PRB, 2010), Schliemann et al. (PRB, 2003)

omka et al. (PRA, 2014), Schen et al. (APB, 2014), ...



ASYMMETRIC RABI HAMILTONIAN

(MOSTLY AT R

1
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Erlingsson et al. (PRB, 2010), Schliemann et al. (PRB, 2003)
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PARITY SYMMETRY
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| OPOLOGICAL PROPERTIES



CHIRAL SYMMETRY

(NON-UNIFORM CHAIN)
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| OPOLOGICAL [ RANSITION

/ERO-ENERGY "EDGE" STATE
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THE '‘GROUND STATES
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THE ZERO-ENERGY STATE

SQUEEZED & SEPARABI

= STAT
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CHIRAL SYMMETRY
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NO | RANSITION

ALWAYS [ OPOLOGICALLY NON-TRIVIAL
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THE ZEO-ENERGY STATE

SQUEEZED & SEPARABLE STATE

N ey Gt cosh 6 := 91 + 95
D) = D'(&)8"(6/2)[0) @ |4 / 1) R
2 L : 29192
S(z) := exp (—ZCLTCLT — h.c.) sinh 0 :=
) & 97 — 95|
ﬁ(z) — exp(z&‘L — 2*a) ¢ = 5



PARITY MIXING |
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CHIRAL SYMMETRY
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| OPOLOGICAL [ RANSITION
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/EFRO-ENERGY "EDGE"’ STATE

SQUEEZED & SEPARABLE STATE
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VARIOUS | OPOLOGICAL | RANSITIONS

-ROM TOPOLOGICAL INSULATOR TO VWEYL SEMI-METAL

GRD Regularized
He [/ TI I/ TI
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SUMMARY

« (Generalized Rabl Hamiltonian

* Possible for circurt QED systems with parametric control of
coupling!

* Various topological transitions with external fields.

+ /ero-energy "edge’ states show squeezing and separable from
spins (qubits).



