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Wigner function
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One-to-one representation

ÅIn the Schrodinger picture:

Quasi-probability distribution

ÅSome examples ( harmonic oscillator )
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Vacuum Fockstate n=10 1
Squeezed vacuum
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Negativity

ÅOrthogonal vectors

Classical states cannot interfere            no negativity in W

Negativity in Wigner function                quantum characteristic

ÅQuantum criteria
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CV and Qubit together 
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Hybrid approach: Encoding a qubit in an oscillator

D. Gottesman, A Kitaev, J. Preskill, PRA 64.012310 (01)

efficient CV tools for deterministic fault-tolerant qubit operations 

efficient homodyne detection

Qubits CV

efficient squeezing

deterministic Gaussian operations

low photon detection

Bell-states measurements

(example: teleportation)

qubitsbasis:
m

nmn djj = full 
Hilbert space qubit

basis



Teleportation : overview
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Step 1)      EPR channel A & B      |     input mode C
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Teleportation to Cluster states
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Teleportation:

Cluster states: Quantum teleportation of optical quantum gates

S. Bartlett, W. Munro, PRL 90.117901  (03)

EPR  +  measurement  +  feedforward



Teleportation to Cluster states
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Full teleportation

Half teleportation
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non-Gaussian states teleportation

CV ςQubit prototype

Cluster states: All Gaussian operations

+ CV qubits: Universal computation

Non-Gaussian states 
Quantum teleportation:
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Photon-substraction / Degaussification
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Dakna& al: Generating cat-like states by conditional measurements

PRA 54.3184 (97)

Wenger & al: Non-Gaussian statistic from squeezed pulses of light
PRL 92.153601 (04)

CW kitten states 
two-photons substraction
noiseless amplifier  
Single-rail qubit

Cavity QED:  HarocheΣ aŀǊǘƛƴƛǎΣ Χ   

Optics:  Grangier, Polzik, Lvovsky, FurusawaΣ {ŀǎŀƪƛΣ Χ 

Further developments:



Photon-substraction / Degaussification
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Experimental setup

squeezed 
vacuum 
@860nm

OPO

15 mW
@430nm

Step 1)      very pure squeezed vacuum (pairs of photons) 
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15%
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Experimental setup

Single Photon Counting Module

optical switching

fiber coupling

QNLO 2010

Step 2)      trigger / signal splitting   +   photon substraction

spectral filtering
signal beam

trigger 
beam

noise counts:    150/s
detection events:    12000/s        
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Experimental setup

quadrature
recording

phase
recording
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Step 3)      homodyne detection  +  quantum state reconstruction

local oscillator

200k data points 
(quadrature, phase)



Quantum tomography
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ÅMeasurement strategy

ÅMarginal distributions

ÅAccumulate statistical data for many basis

ÅBuild a quadraturehistogram H(q,   )

ÅReconstruct the Wigner function

histogram
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