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Multimode quantum optics

with different polarizations

with different spatial shapes

with different  spectral-temporal shapes

each mode of light can be described by a 

quantum harmonic oscillator 

Light propagates
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Continuous Variables

• Room temperature coherent detection (mainly homodyne)

Continuous 
variables



Measuring Continuous Variables

Homodyne detection

It consists in interfering on a balanced beamsplitter 

the signal field with a bright field called the local oscillator (LO)

We consider that the time-frequency modes of the input fields are 

matched

the currents  of the two photodiode are proportional to the light intensity, so to the photon number
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Measuring Continuous Variables

Homodyne detection

It consists in interfering on a balanced beamsplitter 

the signal field with a bright field called the local oscillator (LO)

We consider that the time-frequency modes of the input fields are 

matched

homodyne detection allows us to directly measure quadratures so their statistics

probability of measuring outcome is

POVM 



Measuring Continuous Variables

Homodyne detection

It consists in interfering on a balanced beamsplitter 

the signal field with a bright field called the local oscillator (LO)

We consider that the time-frequency modes of the input fields are 

matched

Inverse Radon transform

From Wigner Function
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Homodyne detection

It consists in interfering on a balanced beamsplitter 

the signal field with a bright field called the local oscillator (LO)

We consider that the time-frequency modes of the input fields are 

matched

From Wigner Function
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Multimode quantum optics

𝑞
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Fock Coherent Thermal Fock Coherent Thermal

Fully equivalent  (sometimes one is more practical than the other..)
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Quantum Information 
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“any” operation  -> any unitary (Hamiltonian) evolution 

universal  unitary (Hamiltonian) set

Quantum information

How it works  : if you can implement 

 H_1 and H_2, you can implement the 
commutator

Baker-Campbell-Hausdorff formulae

S. Lloyd and S. L. Braunstein Phys. Rev. Lett.,  82 (1999) 

interlude
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“any” operation

universal gate set

single-mode Gaussian evolution
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universal  unitary (Hamiltonian) set

Quantum information

cubic  gate

non – Gaussian
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two mode
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And not speaking about error correction

Quantum information
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Implementation in optics

Hard to do2-photon gate cubic  gate

non – Gaussian

And not speaking about error correction

Quantum information

circuit model
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Continuous variables encoding
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superposition

entanglement: quantum correlations

Good  platform for

Quantum information

measurement based (one way) model

concept

Large entangled state: cluster state

Modes of light

CV entanglement correlations

1

2

3
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Continuous variables encoding

𝑥𝑖 ∈ ℛ

ൿ｜𝜓 =

ൿ｜𝜓 =

superposition

entanglement: quantum correlations

Good  platform for
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measurement based (one way) model
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m1
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sequential 

measurement at 

all nodes

Use measurement results to:

 - decide next measurement

 - correct for the desired operation

concept
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Continuous variables encoding

𝑥𝑖 ∈ ℛ

ൿ｜𝜓 =

ൿ｜𝜓 =

superposition

entanglement: quantum correlations

Good  platform for

Quantum information

measurement based (one way) model
IN

OUT OUT

m1

m2

sequential 

measurement at 

all nodes

OUT

you are left with the desired 

result in the output 

concept
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Basic Protocols 

(before looking at the networks)
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Basic Protocols 1 

CV-QKD



Quantum key distribution scheme

What it should look like if you are an expert (I am not!)



CV Quantum key distribution idea

3) Bob randomly chooses to measure either the quadrature x or p 

1) Alice draws two random numbers            and             from a Gaussian distribution of 
mean zero  and variance 

2) She sends the coherent state                                     to Bob 

4) Later  Bob informs Alice by using a public channel, so that they can discard the 
irrelevant date  

Alice Bob

Why it works -> the two  quadrature ( q & p , or  x & p)  do not commute  ->  you don’t 

need too much “quantum” states
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Basic Protocols 2 

CV-quantum teleportation



CV Quantum teleportation.  The resource ?
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CV Quantum teleportation.  The resource ?

𝑞

𝑝 squeezed state of light

Local Oscillator


Projective measurement:

Measure directly the projection of 

Signal field on a quadrature of  

specific mode.

Oscilloscope 

Breitenbach et al., Nature (1997)

Signal beam

Vacuum

Squeezing



Squeezing = measured noise smaller than 

the vacuum noise

Squeezing usually expressed in dB

Homodyne Detection


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Alice- A Bob- B

Ideal case

Alice -> mixes the initial state with the EPR component, it measure via homodyne detection the two outputs

CV Quantum teleportation.  The protocol



Alice- A Bob- B

Ideal case

She gets

Alice -> mixes the initial state with the EPR component, it measure via homodyne detection the two outputs

CV Quantum teleportation.  The protocol



Alice- A Bob- B

Ideal case

She gets

projection

Alice -> mixes the initial state with the EPR component, it measure via homodyne detection the two outputs

CV Quantum teleportation.  The protocol



Alice- A Bob- B

Ideal case

She gets

projection

Alice -> mixes the initial state with the EPR component, it measure via homodyne detection the two outputs

projection

CV Quantum teleportation.  The protocol



Alice- A Bob- B

Ideal case

Alice -> mixes the initial state with the EPR component, it measure via homodyne detection the two outputs
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Bob-> Applies the corresponding displacement

Alice –Bob classical communication
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Alice- A Bob- B

Alice -> mixes the initial state with the EPR component, it measure via homodyne detection the two outputs

Classical communication 

Bob-> Applies the corresponding displacement

Alice –Bob classical communication

Not Ideal case

Noise!
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