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T =
∑
x

|↑⟩⟨↑| ⊗ |x+ 1⟩⟨x|+ |↓⟩⟨↓| ⊗ |x− 1⟩⟨x| ,

R(θ) = e−iθ(x,t)σy/2 ⊗ 1N ,

such that

U(θ) = TR(θ).

|ψ(t)⟩ = (U(θ))t |ψ(0)⟩ =
∑
j

ψ↑,x(t) |↑⟩ ⊗ |x⟩+ ψ↓,x(t) |↓⟩ ⊗ |x⟩ ,

P (x, t) = |⟨↑| ⊗ ⟨x|ψ(t)⟩|2 + |⟨↓| ⊗ ⟨x|ψ(t)⟩|2 = |ψ↑,x(t)|2 + |ψ↓,x(t)|2.
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� quantum algorithms (Ambainis, Childs, 2003),

� quantum computation (Andrews Childs, 2005),

� generalized measurement (Wojcik et al, 2013, Xue et al, 2023),

� studying quantum transport, (Kendon, 2016)

� topological phases (Kitagawa el al, 2010, Asboth, 2012),

� rich physics of non-hermitian systems (Obuse et al, 2016, Wang et al,

2022),

� generation of maximally entanglement states (Rigolin et al, 2013),

� generation of high-dimensional quantum states (Sciarrino et al, 2023),

� generation of hybrid-entangled states (Mittal et al, 2023),

� generation of robust entanglement (Work in Progress)
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Parrondo’s Paradox in QW
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Site-Dependent Coin

CA = e−iθAσy/2 ⊗ 1N , CB =
∑
x

e−iθB(θB+
,θB− ;x)σy/2 ⊗ |x⟩⟨x|

where

θB(θB+
, θB− ;x) =

θB+
(1 + tanh(x)) + θB− (1− tanh(x))

2
.

θA = π/2, θB− = −π/8, θB+ = π/4

With the initial state

|Ψ(0)⟩ = |↓⟩ ⊗ |0⟩ .
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Time-Dependent Coin

C(q(t), α(t), β(t)) =

( √
q(t)

√
1− q(t)eiα(t)√

q(t)eiβ(t) −
√
q(t)ei(α(t)+β(t))

)

CA(t) = C(1/2, α(t), 0) CB(t) = C(1/2, 0, β(t)).

with

α(t) =
2π

T
t = β(t)

|Ψ(0)⟩ = 1√
2
(|↑⟩+ i |↓⟩)⊗ |0⟩ .
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Summary and Outlook

Conclusion

� quantum version of Parrondo’s paradox,

� without the use of higher-dimensional coins, or decoherence in the

system,

Outlook

� topological advantage to design the winning strategies (Work in

Progress)

� more generalized strategies

� different criterion for the game to win and realization of Parrondo’s

paradox
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Thanks for listening.

Please feel free to contact me if you have any

questions/doubts.

vikashmittal.iiser@gmail.com
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