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Abstract: The quantum walk is the quantum analog of the classical random walk. The quantum walk is
reversible because it’s time development is given by a unitary operator, while the random walk is irreversible.
We found that the diffusion of the quantum walker can be reversed by a phase changing pulse. The refocusing

time is the same as the free diffusing time before the pulse.
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Fig.1 Quantum walk in the 1D discrete system
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Fig.1 The initial state at time =0
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Fig.2 The walker spreads freely. The packet
width is 50 at ¢ =50.
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Fig.3 The packet at £=100 just before the
reversal pulse.
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Fig.4 The packet at =100 just after the
pulse. The probability distribution is the same
as that before the pulse.
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Fig.5 The packet at ¢ =150. The walker
evolves freely and shrinks.
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Fig.6 At f =200 (echo time) the walker
returns to the start point.
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Fig.7 The packet at { =250. The walker
spreads again after the echo time.
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Fig.8 The packet at =300.
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// free quantum walk
// condition
N=401;
t=100;//time
Center=(N+1)/2+1; V(Center)=1;//initial state
// Hamiltonian
for i=1:N-1

H(E, i+1)=-(1/2)*%i ;
end
for i=2:N

H(, 1-1)=(1/2)*%i ;

end
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// Unitary operator
U=expm(-%i*t*H);

// dynamics

W=U*V;

// probability
P=abs(W) ."2;
plot2d(P)
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// quantum walk echo
// condition
N=401;
t1=100;//pulse time
t=300;//probe time
Center=(N+1)/2+1; V(Center)=1;//initial state
// Hamiltonian
for i=1:N-1

H(E, T+1)=-(1/2)*%i ;
end
for i=2:N

H(, 1-1)=(1/2)*%i ;
end
// Pulse
for i=1:N

P, D=C-D"i;
end
// Unitary operator
U=expm(-%i*tl1*H);
// free walk
W1=U*V;
// pulse
W1P=P*W1;
// Unitary operator

U=expm(-%i*(t-t1)*H);

// free walk

W2=U*W1P;

// probability

P=abs(W2) .~2;

plot2d(P)
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