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Abstract: a short presentation about work characterizing triphoton states via Wigner functions on the PoincarA© sphere.
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Triphoton States

States made up of 3 indistinguishable photons (same spatial mode. frequency. chirp. etc_..) with one degree of freedom
(polarization ).
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Producing Triphoton States

Important Factorization!
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Linear Polarizations
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MNeed to put three photons of different polarnizations into the same mode.
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Triphoton States

States made up of 3 indistinguishable photons (same spatial mode, frequency, churp. efc...) with one degree of freedom
(polarization ).
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Producing Triphoton States

Important Factorization!

+3 2 2 ¢ 3 5 : E e E B
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NOON State
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Linear Polarizations
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MNeed to put three photons of different polanzations into the same mode.
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Experimental Setup
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How do we do Tomography?
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Density Matrix Representation
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A picture is worth 1023 DNA strands
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“"l b 3
To characterise the polarisation of a beam of light, use the Stokes parameters. A pure -
Jolarization beam is represented by a vector terminating at a point on the Poincaré Sphere.
Analogous to the Bloch sphere for a Qubit. $3 7 Groar
S, = Ipcos 27 cos 2 e / Y
B in?2 A\ e B e S
S; = Ipsin2x 5, — s < s,
— X *.. Diagonai
Linear S " \‘%

What does a polarisation entangled quantum state look like on the Poincaré Sphere?
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Quasi-Probability Distributions

Treat polarization as a spin 1/2 particle. A collection of N photons represents a compesite partcle

with span [=N/Z : :
Quantum Poincaré Sphere
33’_&—1-_.5.
ntroduce the Quantum Poincare Sphere with Stokes Operators that replace the Stokes s~ Circutar
arameters.
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| Hoid ot ol Phys. Rev. Lo 83, 1319 (17990

‘olarization state is represented by a Wigner quasi-probability distnbution over the
mrface cf the sphere. Mixed states are also represented by a broad distribution on the
wrface.
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Quasi-Probability Distributions

*Spin coherent state is analogous to a coherent state in a harmonic oscillator
*Formed by all N photons being polarized in the same direction.
*Equivalent to a binomial distribution in any other basis.

1 - -
*Uncertainty in other Stokes operators scales as vN
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Quasi-Probability Distributions

*Possible to achieve squeezing at the few Photon level!

S3
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Coherent State
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Uncertainty
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Squeezing & Over-Squeezing

First to see this phenomenon of over-squeezing. First experiment
where the spherical topology of the Polarization space becomes
important.

e /

FRL ™. __1:H

uantven Kevonstruction of an lntense Polaration Squesred (plical State
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Uncertainty
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Squeezing & Over-Squeezing

First to see this phenomenon of over-squeezing. First experiment
where the spherical topology of the Polarization space becomes
important.
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T=0.7 (Phase State)

-

T=0 (Coherent State)
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T=1.7 (Ideal NOON State)
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