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Quantum Light

In the quantum description of light one would expect energy and phase to form a 
canonical pair

  iN ̂,ˆ

but this is not so... because a phase operator proper does not exist!

Maybe not that weird: phases cannot be measured, only phase differences can.
The phase difference operator exists (Luis & Sánchez Soto) and behaves well.

Hence in describing phase properties of quantum light a different strategy
must be followed: quadratures.
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E(t) = E0 cos(t + 0)

E(t) = E0 cos(t + 0) = x sin(t) + y cos(t) 

with x = E0 sin0
y = E0 cos0

The monochromatic classical wave 

{
and quadratures can be measured 

can be rewritten as 
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A(t) = x sin(t) + y cos(t)
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yHow does a Fock state look like in this representation?
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How could this be done? 

One needs a unitary transformation that must be non‐linear in the bosonic operators
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Parametric down conversion comes in two different forms

 


 



Non‐degenerate degenerate

and when these processes occur intracavity, they give rise to two different
types of optical parametric oscillators …

Optical Parametric Oscillators
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signal

idler




ND‐OPO

  

Best sources of 
quadrature squeezed 
light.

Maximum squeezing 
at threshold

Above threshold 
emmits twin beams, 
which are entangled.

No noise in the 
intensity difference.
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beam‐splitter

Hence:
‐ DOPO gives squeezing
‐ NDOPO gives entanglement
‐ Can be connected?
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The PDC + BS Hamiltonian

PDC: parametric down‐conversion
BS: beam‐spliter
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Heisenberg equations

We concentrate in the special case 
g2>g1 (G>g), i.e., “below threshold”

© Eugenio Roldán Serrano 



The fluctuations are fully described by the
correlation matrix
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In our case
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Entanglement
"Simon‐Duan‐Giedke‐Cirac‐Zoller" criterion: the states are separable iff W12()>2 

W12

t

several
values of 
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s  i  The goal: 
locking the signal and idler field’s phases 
by coupling them coherently.  

The non‐degenerate optomechanical parametric oscillator
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Complete Hamiltonian 
(Schrödinger picture)

We move to a more convenient interaction picture

and perform the RWA…
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Model Hamiltonian 
(interaction picture)
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We must incorporate the coupling with the “rest of the universe” 
through the output mirror. 

Input‐output formalism.
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Heisenberg‐Langevin equations
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This can be readily solved for obtaining

Linearization below threshold
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Intracavity fluctuations (below threshold)

B: mirror’s forcing
: optical injection
: detuning
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(optical injection)

(mirror’s forcing)
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Squeezing spectrum (below threshold)
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Conclusions

The coupling of the idler and signal modes through the oscillations of the mirror of an
optomechanical cavity effectively locks the two modes.

This results, in particular, in large levels of squeezing below threshold (the larger the
squeezing the larger the mechanical forcing)

These results suggest that other means could be similarly efficient (electro‐optic
coupling, idler‐signal coupling thorugh additional chi(2) or chi(3) processes, etc.)
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