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Overview

� Quantum Walks and its applications

� SSH Model and it’s variations

� Quantum Entanglement

� A desire for more and more!!!
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1D DTQW

Time evolution operator for 1D DTQW

U(θ) = TR(θ)
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1D SSQW

Time evolution operator for 1D SSQW

U
SS
(θ1, θ2) = T↓R(θ2)T↑R(θ1)
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2D DTQW

Time evolution operator for 1D SSQW

U
2D

(θ1, θ2) = TyR(θ1)TyR(θ2)TxR(θ1)Tx.
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U
SS
= e−iHt −→ Hk(θ1, θ2) =

∑
k

Ek(θ1, θ2)[n̂k(θ1, θ2) · σ]︸ ︷︷ ︸
Hk(θ1,θ2)

⊗ |k⟩⟨k| .

The dispersion relation is given by (Kitagawa, 2010)

cosEk(θ1, θ2) = cos(θ1/2) cos(θ2/2) cos k − sin(θ1/2) sin(θ2/2).
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Topological Phases in Quantum Walks
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Non-Unitary/Non-Hermitian Quantum Walk

(Regensburger et al (2012))

T↓R(θ2)T↑R(θ1)
Gγ=eγσz

−−−−−−→ T↓G
−1
γ R(θ2)T↑GγR(θ1)
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PT -symmetry

In continuous systems, we have

Parity symmetry (Unitary)

P : x → −x and p → −p, P2 = 1

Time reveral symmetry (Anti-unitary)

T : t → −t, p → −p, x → −x, and i → −i

such that

PT −symmetric Hamiltonian

(PT )H(PT )−1 = H
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1D NH-SSQW
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1D NH-SSQW
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Quantum Walk and Entanglement

|Ψ⟩AB =
1√
2
(|0⟩A |1⟩B + |1⟩A |0⟩B)

TRANSMISSION EFFICIENCY!!! DETECTION EFFICIENCY!!!
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Quantum Walk and Entanglement

|Ψ⟩AB = SAB(β) |0, 0⟩ , SAB(β) = exp
[
β(a†Aa

†
B − aAaB)

]

IDEAL HOMODYNE DETECTION AT TELECOM λ’s !!!
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Quantum Walk and Entanglement

|Ψ⟩AB =
1√
2
(|0⟩A |α1⟩B + |1⟩A |α2⟩B)

Middle ground!! Useful Entanglement over 300 km
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� quantum computation (Andrews Child, 2005),

� simulation of quantum systems,

� quantum to classical transition,

� topological phases, especially in real space (Asboth et al, 2019),

� rich physics of non-hermitian systems (skin effects),

� non-Hermitian Edge Burst (Wen-Tan Xue et al, 2022)

� metric formalism in quantum walks?? (Chia-Yi Ju et al, 2019)

� non-trivial topology and non-local effects??

� topological phase transitions and entanglement??

� analogous to SSH model,
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Our beloved SSH
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Our beloved SSH
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Our beloved SSH
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Siblings of SSH (Even)
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Siblings of SSH (Even)
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Siblings of SSH (Odd)
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Siblings of SSH (Odd)
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Siblings of SSH (Odd)
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Siblings of SSH (Odd)
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Other siblings of SSH Model

22



Other siblings of SSH Model

22



Other siblings of SSH Model
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Quest to find more!
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हज़ार� �वािहश� ऐसी िक हर �वािहश पे दम िनकले 
बह�त िनकले िमरे अरमान लेिकन िफर भी कम िनकले

िमज़ा� ग़ािलब

I have a thousand yearnings , each one afflicts me so

Many were fulfilled for sure, not enough although 
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