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Introduction

How does weak measurement reversal contend with
statistically fluctuating disturbances?

Today’s Talk

I Motivation/Introduction

I Weak Measurement Reversal

I Stochastic disturbance

I Results and future work
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Introduction

Entanglement is an important resource. How can we
maintain it?

Entanglement
distillation:
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Introduction

Entanglement is an important resource. How can we
maintain it?

Decoherence free subspaces/subsystems:
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Weak Measurement Reversal

A third solution is to undo, or reverse a quantum
measurement.
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Weak Measurement Reversal

Let’s see how this works

I We start with a quantum state ρ

I We perturb the state with a measurement M̂

ρ′ =
M̂ρM̂†

Tr[M̂ρM̂†]

I The fidelity may drop:

F(ρ, ρ′) = Tr
[√√

ρρ′
√
ρ

]
≤ 1

I As a result, the entanglement may drop.

I What if we perform a second measurement, analogous

to the first?
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Weak Measurement Reversal

ρ ρ' ρ''

I We measure the state ρ′ with a new measurement M̂′

ρ′′ =
M̂′ρ′M̂′†

Tr[M̂′ρ′M̂′†]

I For a tuned measurement, F(ρ, ρ′′) = 1
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Weak Measurement Reversal

I Even after a perturbation we maintain the

entanglement!

I Let’s look at a specific photonic example: the singlet

state with amplitude damping

|Ψ−〉 =
|HV〉 − |VH〉√

2
M̂ = D̂⊗ 1̂

D̂ = e−φΠ̂H + Π̂V ,

I The optimal correction M̂′ in this case is

M̂′ = 1̂⊗ D̂
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Weak Measurement Reversal

Amplitude Damping:
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Phase Damping:
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Blue (F ), Black (C) and Dashed Black (CorrectedF and C)
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Stochastic Disturbance, Static Correction

Let’s now consider a random disturbance characterized by a

Gaussian random variable φ̃.

I Mean: 〈φ̃〉 = φa

I Variance: σ2 = 〈φ̃2〉 − 〈φ̃〉2

I If we choose a correction to fit the mean value φa, what

do we find?
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Stochastic Disturbance, Static Correction

Phase Damping

pp(F; ρ′) =

√
2

πσ2(1− F2)
e−[φa−2arcosh(F)]2/2σ2

pp(F; ρ′′) =

√
8

πσ2(1− F2)
e−2arcosh2(F)/σ2

Amplitude Damping

pa(C; ρ
′
) =

e−(φa+arsech(C))2/2σ2

√
2πσ(1− C)C

(
1 + e2φaarsech(C)/σ2

)√ 1− C

1 + C

pa(C; ρ
′′
) =

e−arsech2(C)/2σ2

σ(1− C)C

√
2(1− C)

π(1 + C)

pa(F; ρ′) = |2F2 − 1|−1
√

2

πσ2(1− F2)
e−[φa−arcosh(2F2−1)]2/2σ2

pa(F; ρ′′) = |2F2 − 1|−1
√

8

πσ2(1− F2)
e−arcosh2(2F2−1)/2σ2
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Stochastic Disturbance, Static Correction

φa = π/8 and σ = π/30

I 〈C〉 = 0.92→ 0.995

I σC = 0.036→ 0.0075

I 〈F〉 = 0.980→ 0.999

I σF = 0.0092→ 0.0019

N = 105



Efficacy of weak
measurement reversal

for stochastic amplitude
damping

Introduction

Weak Measurement
Reversal

Stochastic Disturbance

Results and Future Work

Stochastic Disturbance, Static Correction

We can do the same analysis with three parties

I The GHZ state with amplitude damping

|GHZ〉 =
|HHH〉 − |VVV〉√

2
M̂ = D̂⊗ 1̂⊗ 1̂

D̂ = e−φΠ̂H + Π̂V ,

I The optimal correction M̂′ in this case is attenuating

the V polarization of any party, e.g.:

M̂′ = 1̂⊗ 1̂⊗ D̂′

D̂′ = Π̂H + e−φΠ̂V ,
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Stochastic Disturbance, Static Correction

φa = π/8 and σ = π/30

I 〈C〉 = 0.924→ 0.995

I σC = 0.036→ 0.0075

I 〈F〉 = 0.981→ 0.999

I σF = 0.0091→ 0.0019

N = 105
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Results and Future Work

We have shown that a random disturbance in the form of
amplitude and phase damping can be corrected with high
fidelity using a static (weak) measurement.

Future work:

BiBO

F

A

B

QWP

HWP

Polarizer

PBS

UV Source
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Results and Future Work

Contact Information:
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