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WHY AM I HERE?
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QUANTUM WALKS FOR WHAT?

Universal quantum computation:

Caveat: for N qubits, 2N vertices needed in a physical realisation!

Quantum simulation: Transport phenomena & topological
phases (by intrinsic spin-orbit coupling)
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SELECTION OF QW IMPLEMENTATIONS

Classical optics

A. Schreiber, K. Cassemiro, V. Potocek, A. Gabris, P. Mosley, E.

Andersson, I. Jex, C. Silberhorn PRL 2010

Photonics plus quantum statistics

L. Sansoni, F. Sciarrino, G. Vallone, P. Mataloni, A. Crespi, R.

Ramponi, R. Osellame PRL 2012

Single Ultracold atoms

M. Karski, L. Förster, J. Choi, A. Steffen, W. Alt, D. Meschede, A.

Widera Science 2009

Trapped ions

H. Schmitz, R. Matjeschk, C. Schneider, J. Glueckert, M. Ender-

lein, T. Huber, T. Schätz PRL 2009
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PROGRAM

Atom-optics kicked rotor

Adv. AMOP 2011

Quantum ratchet

Ann. Phys. 2017

Quantum walks in momentum space

PRL 2018
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THE δ-KICKED ROTOR

Experiments using
BEC and optical
lattices:
Maarten Hoogerland
and
Gil Summy

Rotator with pulsed
gravity at period τ
and strength k
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THEORETICAL DESCRIPTION

Quantum Hamiltionian consists of free motion and periodic kicks:

H(t) =
P 2τ

2
+ k cos(X)

∞∑
m=−∞

δ(t−m)

reconstruction of a periodic problem:

P = n+ β, n ∈ ZZ, β ε [0, 1]

Bloch’s Theorem:

ψ(X) = eiβXu(X), u(π) = u(−π) with θ = Xmod2π
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ADVERTISEMENT
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QUANTUM RESONANCES

Corresponding quantum map with evolution operator:

Û = e−ik cos(θ̂) × e−iτ P̂ 2/2, |ψ(t)〉 = Û t |ψ0〉

Regime of ballistic energy growth: quantum resonances

e−i
τ
2
(n2+2nβ) = 1.

review: Sadgrove, SW Adv. AMOP 2011
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MEASUREMENT OF MOMENTUM DISTRIBUTION
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MEASUREMENT OF MOMENTUM DISTRIBUTION

Courtesy of Gil Summy
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QUANTUM VS. CLASSICAL WALK
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WHAT IS A QUANTUM WALK?

Key differences to classical random walks:

Interference between different paths leading to the same ’position’
occurs

The quantum evolution deterministic, true randomness only when the
walker position is ’measured’

review: Kempe Contemp. Phys. 2003
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KICK DYNAMICS AT RESONANCE AS Q-WALK!

Û(T , 0) =
(
e−ik cos(θ̂)

)T
= e−iTk cos(θ̂)

P (n, T |n0, k) = J2
n−n0

(kT ) using

Jn(z) =
1

2π

α+2π∫
α

e−inθ eiz cos(θ) dθ
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QUANTUM RATCHET VIA SUPERPOSITION

Usual ratchet: break spatial-temporal symmetry of potential!

BEC ratchet: asymmetric initial state with respect to the driving lattice:
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QUANTUM RATCHET VIA SUPERPOSITION

Usual ratchet: break spatial-temporal symmetry of potential!

BEC ratchet: asymmetric initial state with respect to the driving lattice:

|ψ2(P, t = 0)〉 =
1√
2
(|N = 0〉+ exp(iφ) |N = 1〉)

|ψ(P, t = 0)|2 ≈ 1

2
(δN,0 + δN,1) or

|ψ̂(θ, t = 0)|2 ≈ 1

2π
(1 + cos(θ + φ))
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QUANTUM RATCHET VIA SUPERPOSITION

〈Pt,res〉 = −
kt

2
sin(φ)

Sadgrove, SW Adv. AMOP 2011
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NEW QUANTUM RATCHET

More complex initial states:

|ψ3〉 = (e−iφ |−1〉+ |0〉+ eiφ |1〉)/
√
3

Ni, Lam, Dadras, Borunda, SW, Summy PRA 2016
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EXPERIMENTAL SETUP FOR QUANTUM WALK

SANDRO WIMBERGER (PARMA) MOMENTUM-SPACE QUANTUM WALK OF BEC 26 SEPTEMBER 2019 18 / 28



FLOQUET TIME EVOLUTION OF QUANTUM WALKS
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OUR SPINOR FLOQUET OPERATOR

Internal spin state mixing after each step by ‘coin’ matrix

C =
1√
2

(
1 i
i 1

)
leads to a strong correlation (entanglement) between the internal
and the external (momentum) degrees of freedom.
External state:

Ŝ = e−ik cos(θ̂) → Ŝkick = exp
(
−ik cos(θ̂)σz

)
Final (spin resolved) momentum distribution:

P−1/2(n, T ) = |cn,s=−1/2(T )|2 and P1/2(n, T ) = |cn,s=1/2(T )|2

for
|ψ(T )〉tot =

∑
n,s

cn,s(T ) |n, s〉
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KICKED-ROTOR WALK VS. STANDARD QUANTUM WALK

proposal: Summy & SW PRA 2016
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EXPERIMENT (L) VS. SIMULATIONS (R)

experiment: Dadras, Gresch, Groiseau, SW, Summy PRL 2018
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BIASED ATOM-OPTICS KICK ROTOR WALK

experiment: Dadras, Gresch, Groiseau, SW, Summy PRL 2018
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QUANTUM-TO-CLASSICAL: COIN-PHASE NOISE

experiment: Dadras, Gresch, Groiseau, SW, Summy PRL 2018
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MATTER-WAVE INTERFEROMETRY BY TIME REVERSAL

experiment: Dadras, Gresch, Groiseau, SW, Summy PRL 2018
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PERSPECTIVES: QUANTUM WALKS IN MOMENTUM SPACE

Q-walks with a kicked BEC:

? Simulation of classical random walks, e.g. with power-law tails!
Weiß, Groiseau, Lam, Burioni, Vezzani, Summy, SW PRA 92, 033606 (2015)

? Realization of coherent quantum walks, with controlled bias and
decoherence!

Ongoing Experiments at Stillwater, OSU–USA!

Q-walk of a BEC in quasimomentum space in static lattices
Alberti, SW PRA 96, 023620 (2017)

To do: many-body (long-range) effects, quantum search, 2-3D
walks, topological/Berry phases
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INVITATION TO SUBMIT A PAPER

Special Issue on Many-body quantum chaos dedicated to Shmuel
Fishman in Condensed Matter
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THANK YOU VERY MUCH!

Summy, Wimberger, PRA 93, 023638 (2016)
Dadras, Gresch, Groiseau, Wimberger, Summy, PRL 121, 070402
(2018)
Alberti, Wimberger, PRA 96, 023620 (2017)
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