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Motivation: CV cluster states

● Can be represented as graphs
● Characterized by nullifier operators
● Approximated by Gaussian states

● CV One way QC

● CV Secret Sharing

P. Van Loock, D. Markham, AIP Conf. Proc. 1363, 256,  (2011)
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Tweaking the Squeezing

Complex relation between pump and squeezing/supermodes :

Use numerical optimization

Optimal Pump

To flatten the squeezing spectrum : 

To concentrate the squeezing in one mode : 

Macroscopic effect on the properties of the output !



Multi-pixel Homodyne Detection
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Diode array

Multi-Pixel 
Homodyne Detection

Local Oscillator

S. Armstrong et al,
Nat. Comm 3, 1026 (2012)

● Constraints on 
measured modes

● Modes can be separated easily
● Measurement of one mode does 

not destroy the rest of the system
Can we engineer correlations 
given such constraints ?
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Pump optimizing average nullifiers' noise

(fixed maximum squeezing = 7 dB)

<Δδi> = - 3.67 dB

Mean nullifiers' squeezing :1 2 3 4

A D B C

Non trivial spectral phase as well...

More squeezing ≠ Better nullifiers

Nullifiers' squeezing

 <Δδi> = - 0.18 dB

<Δδi> = - 2.87 dB

<Δδi> = - 2.31 dB
Fully inseparable (PPT)

P = 0.02 P0
P = 0.80 P0
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Pump optimizing average nullifiers' noise

(fixed maximum squeezing = 7 dB)

 Fully inseparable (PPT)

Purity

Gaussian 0.73

Optimal PW 0.84

Optimal 0.91
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● The shape of the pump has a macroscopic effect on the output state
● Numerical optimization can be used effectively to improve the generation 
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Summary

● SPOPOs can generate CV entangled states 
● The shape of the pump has a macroscopic effect on the output state
● Numerical optimization can be used effectively to improve the generation 

of CV cluster states

Thank you !
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