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Versatile engineering of multimode squeezed

states by optimizing the pump spectral profile in
spontaneous parametric down-conversion

Francesco Arzani, Claude Fabre, Nicolas Treps
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Motivation: CV cluster states
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Producing Gaussian cluster states

For pure Gaussian states: PRA 21 056801 (2005)
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These operations are deterministic!

Multimode
vacuum /' squeezing

(Linear optics)
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Spontaneous parametric down-conversion of
optical frequency combs

(And how to measure It)
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Multimode squeezing: Parametric Interaction
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Multimode squeezing: Parametric Interaction
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Multimode squeezing:

Parametric Interaction
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Multi-Pixel Homodyne Detection

Diode arrays

Multi-Pixel
1 Homodyne Detection
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Multi-Pixel Homodyne Detection

Frexels can be separated easily

X Not a cluster on frexels
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Multi-Pixel Homodyne Detection

Diode arrays

Multi-Pixel
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Multi-Pixel Homodyne Detection

Diode arrays

Multi-Pixel
© Homodyne Detection

Q1) Can we use the
> state anyway ?

G. Ferrini et al, PRA 91, 032314 (2015)
G. Ferrini et al, PRA 94, 062332 (2016)

Frexels can be separated easily

J Q2) Can we engineer correlations
x Not a cluster on frexels given the measurement modes ?
/\
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Shaping the pump spectrum

F. Arzani, C. Fabre, N. Treps. Phys. Rev. A 97, 033808 (2018)



Pump Shaping: Experimental Setup
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Pump Shaping: EXx

perimental Setup
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Tweaking the Squeezing

Complex relation between pump and squeezing/supermodes
Use numerical optimization:



Tweaking the Squeezing

Complex relation between pump and squeezing/supermodes :
Use numerical optimization:

Penalty for
+ unfeasible

Maximize f,: introduce gap between 1* and 2" squeezing shapes

Maximize f ,: flatten squeezing spectrum



Tweaking the Squeezing

Complex relation between pump and squeezing/supermodes

Use numerical optimization:

— : : Penalty for
Maximize f ,: flatten squeezing spectrum unfeasible
Maximize f,: introduce gap between 1* and 2" squeezing shapes
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Adjust the squeezing spectrum :
Study collective behavior of quantum oscillators

J. Nokkala et al, NJP 20, 053024 (2018)
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Optimizing CV Cluster States
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Mean nullifiers' squeezing :

<A3>=-0.18 dB



Optimizing CV Cluster States
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Optimizing CV Cluster States
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Summary

« SPOPOs can generate CV entangled states
e Spectrum of the pump has macroscopic effect
e Optimization effectively improves CV cluster states

« The method Is versatile



Summary

« SPOPOs can generate CV entangled states
e Spectrum of the pump has macroscopic effect
e Optimization effectively improves CV cluster states

« The method Is versatile

Giulia Ferrini Valentina Parigi

Thank you !

Jyrki Piilo
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