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Dirac and Weyl Quantum Walks
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Walk Hamiltonian Walk dispersion relation

Power expansion

k|| <1 = H(k) =”ro'y°k+m’m+0(m2)+(9(HkHz)

for small momenta
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u=YyYt1,eU, Paths with t steps ] T_)R h=RLUD
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‘/ \’ Admissible paths
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causal cone of x

For Dirac and Weyl:
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Discrete path-integral for QWs

U

u=YyYt1,eU, Paths with t steps L(_T_)R h=RLUD
h o = h1h2 < ht *
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Z Z Up, - - - Upy Up, 5 (0)
/ \’ Admissible paths

Points in the past
causal cone of x

For Dirac and Weyl:
LI th Uhl = QD Llh (hy,ht) :> be chhuhlljx’

Phase depends on the full path!
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ldea: binary encoding of paths |:> Topology of paths translated
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Discrete path-integral for QWs

ldea: binary encoding of paths |:> Topology of paths translated
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G. M. D'Ariano, N. Mosco, P. Perinotti, and A. Tosini, EPL 109(4):40012 (2015)



Discrete path-integral for QWs

ldea: binary encoding of paths |:> TOPology .Of path§ transla.ted

in properties of binary strings

U —
Q» h - R/L/U/D h — ab w(l) p— alaz « o e at
] R _ _
R=00, L=11 o= (w,w?@) w® = by by
4 U=10, D=01
— chabuabl/)x’(o)
x" a,b
C _LLL k+ (aa’)
p a
K1—1 t—Ki =1\ (u\[t—u—-1
p—1)\p—a—a J\k)\Ko—k—0
u=2p—a—a W,

G. M. D'Ariano, N. Mosco, P. Perinotti, and A. Tosini, EPL 109(4):40012 (2015)



Dirac QW in 1+1 dimensions
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Particle state Zitterbewegung

- mass m = 0.15

. width ¢ = 407!

- mean wave-vector kg = 0.017

- spinor components cy =c_ = 1/v2

G. M. D'Ariano, N. Mosco, P. Perinotti, and A. Tosini, Entropy 18(6) (2016)



Dirac QW in 3+1 dimensions

Perfectly localised state
mass m = 0.03

G. M. D’Ariano, N. Mosco,
P. Perinotti, and A. Tosini,
Entropy 18(6) (2016)




Dirac QW in 3+1 dimensions

Particle state Zitterbewegung
size: 512
steps: 1200
mass: 0.002
width: 32
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Summary

e Quantum Walks as description of free relativistic particles

e Dirac and Weyl equations recovered in the limit of small
momenta

e Closed algebra of transition matrices

e Solution in position representation in terms of a discrete
path-integral

e Binary encoding of paths and study of binary functions
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