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Galton board [MPI for the Science of Light]
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quantum walker

coherent state of

the optical resonator

�α� = e−
1

2
�α�2 ∑∞j=0

α
j

√
j!
�j�

quantum coin

two lowest level of the

mechanical resonator

�q� = � ↑�, � ↓�
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H = −�h∆a†a − �hg0a†aσz +
�hε(a†

+ a) +
1

2

�hωmσx

U(T ) = e−
i
�h

HT

0 τ T=nτ2τ 3τ ...

Suzuki-Troter approximation

(sufficiently large n)

⇓

U(T = nτ) ≈ �eiτ∆a†a eiτg0a†aσz e−iτε(a†
+a) e−

i

2
τωmσx�n
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quantum walk dynamics

U(τ) ≈ eiτ∆a†a eiτg0a†aσz

�����������������������������������
shift operator

e−iτε(a†
+a) e−

i

2
τωmσx

������������������������������������
coin operator

P

X

Δθ

-Δθ

Δθ = τ g
0
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�ψ0� = �↑�+�↓�√
2
�α0�
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decoherence

dephasing channel on the two-level mechanical resonator

ρl =�
j

KjUρl−1U †K
†
j

K = Iposition ⊗ Equbit

Equbit = Equbit�λ = 1 − e−lτ�Td�

Td: dephasing time
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standard deviation (log-log scale)

quantum-to-classical transition
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parameters specification

typically

�����������

ωm ≈ 10
7
HZ

τ ∼ 1�ωm ≈ 10
−7

s

Td ≈ 10
−1

s

⇒ Td ≈ 10
6τ

⇓

enough time for realizing large number of steps!
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Implementation with less decoherence!

coin operator ⇒ interaction with the system

HOWEVER

in our proposal no deriving is required!
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quantum walks in phase space
is not just a toy model!

maximum number of sites was firstly suggested

dmax = 33

however it is possible to go to

dmax = 145
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quantum walk evolution

�ψ0� = �↑�+�↓�√
2
�α0�, �α0� ≈ 11.5, d = 145, n = 1000
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standard deviation
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thanks for your attention!


