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Agenda

 The Classical Random Walk

 Quantum Walks

 The Experiment



The Classical Random Walk

 The drunk guy and the lamp post:

X = 0



Classical Random Walk

 The binomial distribution!



Classical Random Walk

 Things to note:

◦ Dispersion of the total displacement after N 

steps scales linearly with N:

(for p=q=1/2)



Classical Random Walk

 Also, survival probability -> 0 as 

 N -> Infinity for case of absorber

X = 0



Quantum Random Walk



Quantum Random Walk

 What if now, we allow our walker to 

exist in superposition states?

X = 0



(Discrete) Quantum Random 

Walk

… …

 State is prepared initially at j=0

 With the state of the coin stored in a 

polarization qubit



(Discrete) Quantum Random 

Walk
 Every step consists of two actions:

 1.  Flip a coin to tell us what direction 

to go

 2.  Move based on the coin‟s result



Quantum Random Walk

 Prepare the state in:

 We then “flip the coin” with the “coin 

operator”.

 If we use an unbiased coin:

(Hadamard)



Quantum Random Walk

 Then, we “walk the drunk guy”, with 

the shift operator, which has the form:

 Reads: “If H, move left, if V, move 

right.



Quantum Random Walk

 So each step is equivalent to acting 

with the operator:

 And after N steps we are in the state:



Quantum Random Walk

 Problem!!  Not quite the behaviour we 

were looking for: (its biased to the 

left!)



Quantum Random Walk

 This is because the Hadamard is 

actually a biased coin flip; it treats H 

and V differently



Quantum Random Walk

 To fix this, make sure that „left‟ and 

„right‟ don‟t interfere by starting in the 

initial state:

 This ensures the left path and right 

path don‟t interfere

 Alternatively, we could use a truly 

unbiased coin



Quantum Random Walk

 Now we get the behaviour we want:



Differences

 Quantum distribution is bimodal, which 

leads to a larger variance in the 

distance

 Placing an absorber (zombie) still 

yields a finite survival probability as 

n->Infinity



Uses?



The Experiment



The Experiment

 Benefits:

◦ Easy to align by successively adding 

beam displacers

◦ Scales linearly with the number of steps 

(goes like 2N as opposed to the PBS 

version - by Zwickl et al - that scales like 

N2)



(Not) The Experiment



(Not) The Experiment



The Experiment

 We can introduce tuneable decoherence

which yields:

 Where 

 This is called “dephasing”, but really 

corresponds to making a path 

measurement at each step



The Experiment

 By tilting one of the beam displacers, 

we add a time delay that destroys the 

interference



The Experiment

 To ensure photon collection:

◦ Set the delay window to be much larger 

than the decoherence delay

◦ Couple into multimode fiber



Results



Results



Results



Results

 Now add an absorber!

 (add a beam block)

X = 0



Results



In Summary

 Have a scalable, stable quantum walk 

apparatus with a tuneable

decoherence mechanism to study the 

quantum-to-classical transition



Thank you,


