TOKYO INSTITUTE OF TECHNOLOGY

_I'ﬂl7:_ﬂ ELCH—

rsuing Excellence

Survival Probability in a one-
dimensional discrete time
guantum walk on a trap lattice

Yutaka Shikano
Tokyo Institute of Technology (PD)
Chapman University (Visiting Assistant Prof.)

(M. Gondlol, E. Aydiner, Y. Shikano, and O. E.
Mustecaplioglu, New J. Phys. 13, 033037 (2011).)




ro. H/L'L'H—

e To study the trapping
process of the multi-
particle discrete-time
guantum walks
(DTQWS).

 Trap process ~
Decoherence process
iIn DTQW
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Discrete Time Quantum Walk
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Quantum/Random walk on K-cycle

O Walker particle K — n (Non interacting)
@ Absorption point 71

Trap density 0 = n/K
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What Is survival probability?
N
W(0)) =) |\.mi); :N-particle quantum state
=1

U1, n = U®N : N-particle quantum walk op.

|1];’r(t)> — I:rii,...,N
pi(t) = Trj= | V(1)) (U(1)| : Reduced density matrix

Pi(x,t) = Z (c,x| p;(t) |c.x) (x € Z/KZ)

U(0)) : N-particle density matrix

ce,i}i’; . Single Prob.
P.(t) = ig;zlpu t): Survival prob.

. M
(P(t)) = %ZR@) . Configuration Ave. A # of Configuration
- r=1 4
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Classical Random Walk

Survival probability
(P(t)) ~ Exp(—t7)
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Discrete Time Quantum Walk
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Initial State Dependence
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Trap Density Dependence
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Trap density dependence
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Thermodynamic limit
K — o0 p: fixed

Single-particle 1D DTQW

with decoherence with $P
D=
t
t<< K wmmn=1-p/2
t~ K = 72=0p/2
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(YS, K. Chisaki, E. Segawa, and N. Konno, Phys.
Rev. A 81, 062129 (2010).)

(K. Chisaki, N. Konno, E. Segawa, and YS, Quant.
Inf. Comp. 11, 0741 (2011).)

Symmetric DTQW with
position measurement with
time-dependent probability
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Finite Size Effect ?
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Finite Size Effect ?
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Conclusion and Outlooks

« We derived the analytical solutions of the
survival probability for the multi-particle

DTQW on the ring with the traps In the case
of the thermodynamic limit.

e Qutlooks
— In the case of the regular or other graphs?
— In the case of the interacting particles?
— How to observe this effect in the Nature?

(M. Gonllol, E. Aydiner, Y. Shikano, and O. E. Mustecaplo™glu,
New J. Phys. 13, 033037 (2011).)
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