
Monitoring a Quantum Walk through Weak

Measurements

Daniel Ochoa

Universidad de los Andes

March 13, 2017

Daniel Ochoa (Universidad de los Andes)Monitoring a Quantum Walk through Weak MeasurementsMarch 13, 2017 1 / 37



Contents

1 Motivation

2 Quantum Walk
How to implement it
Variance Behavior

3 Weak Values

Daniel Ochoa (Universidad de los Andes)Monitoring a Quantum Walk through Weak MeasurementsMarch 13, 2017 2 / 37



Quantum Walk Search

Quantum walk search algorithms
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A tool for research

Used as a tool for the modeling of phenomena as:

Energy transfer in the photosynthesis
process.

Figure: Taken from [1]

Topological quantum phase
transition.

Figure: Taken from [2]
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Quantum Walk

Continuous time quantum walk

Discrete time quantum walk
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Quantum Walk

Continuous time quantum walk

Discrete time quantum walk
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Discrete Time Quantum Walk

Figure: Taken from [3]
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Discrete Time Quantum Walk

Two degrees of freedom:

The walker.(Evolves in the �position� space)
The coin.

Temporal evolution:

Unitary coin operator.(�Throwing the coin�)
Unitary conditional shift operator. (Depending on the coin state the
walker moves in some direction)
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The Walker

�Lives� in a Hilbert space that will be called Hp, whose dimension can
be in�nite.

Important to note that the position does not necessarily correspond to
the usual space.

Examples of such spaces:

Angular momentum.
Actual position. ~x
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The Coin

It belongs to a Hilbert space Hc and its state instructs which way the
walker can move in the position space.

In the one dimensional case only two possible ways are usually treated,
going left or right, and thus Hc is spanned by two basis states:
{|0〉c , |1〉c}.
Examples of such space:

Spin.
Polarization.
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Quantum Walk

The complete quantum state belongs to the Hilbert space
H = Hc ⊗Hp.

|Ψ〉 = (cos(θ/2) |0〉c + sin(θ/2)e iη |1〉c)⊗ |ψx0〉p
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Temporal Evolution

Coin

Generically:

Cζ,α,β,γ = e
i
~ ζe

i
~ασx e

i
~βσy e

i
~γσz

Hadamard:

Ĥ ≡
1
√
2

(
|0〉c 〈0| + |0〉c 〈1| + |1〉c 〈0| − |1〉c 〈1|

)

Conditional Shift

Ŝ = e−
i
~(|0〉c 〈0|−|1〉c 〈1|)⊗P̂l
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Temporal Evolution

Û = Ŝ
(
Ĉ ⊗ Ip

)
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How to implement it
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How to implement it

Degrees of freedom:

Walker: Orbital Angular Momentum of photons.
Coin: Optical Path.
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How to implement it

Figure: Taken from [3]
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How to implement it

Figure: Taken from [3]

Not really scalable
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How to implement it

Based on [4].
Degrees of freedom:

Walker: Horizontal axis belonging to the perpendicular plane to the
photon beam's propagation direction.
Coin: Polarization.

Figure: (1) Photons source , (2) Preparation module, (3) Beam Splitter, (4) Half Wave Plate
with fast axis at an angle π/8 with respect to the horizontal, (5) Tunable Beam Displacer
(TBD), (6) Charged Coupled Device Camera.
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How to implement it

Âλ/4(pi/4) =
1√
2

(
1 i
i 1

)
|Ψini 〉 =

1√
2

(|H〉c + i |V 〉c)⊗ |ψx0〉p
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Considerations

No Overlap → Hp = span({|i〉p}) con 〈i |j〉 = δij .

Ĉ = Ĥ (Hadamard).

|Ψini 〉 = 1√
2

(|H〉c + i |V 〉c)⊗ |0〉p
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Variance Behavior

|Ψf 〉 = U500 |Ψini 〉

=
[
Ŝ
(
Ĥ ⊗ Îp

)]500
|Ψini 〉
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Variance Behavior
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Variance Behavior

Regime Dependence on Steps

Quantum σ2 = 0.3N2

Classic σ2 = N
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Weak Values

�Complex numbers that one can assign to the powers of a quantum
observable operator Â using two states: an initial state |i〉, called the
preparation or preselection, and a �nal state |f 〉, called the
postselection.�[5]

The nth order weak value of Â has the form:

An
w =

〈f | Â |i〉
〈f |i〉
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Weak Values

Prepare and Measure Experiment

Initial state |i〉.
The probability of detecting |f 〉.

P = | 〈f |i〉 |2

Modifying the procedure with an intermediate interaction

Û(ε) = e−iεÂ (Stone's theorem).
Detection probability:

Pε = | 〈f |i ′〉 |2 = | 〈f | Û(ε) |i〉 |2
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Weak Values

Pε = | 〈f | Û(ε) |i〉 |2 = | 〈f | (1− iεÂ + ...) |i〉 |2

= P + 2εIm{〈i |f 〉 〈f | Â |i〉}+ O(ε2)

Getting the weak value.

Pε
P

u 1 + 2εIm{Aw}+ O(ε2)
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Weak Values

How to measure it.
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Weak Values

How to measure it.
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