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Lesson 7



Tentative list of topics to cover:

• From statistics and linear algebra to power spectral densities
• Historical perspectives and examples in many areas of 

physics
• Correlation functions in classical optics (field-field; intensity-

intensity; field-intensity) part iii
• Optical Cavity QED
• Correlation functions, quantum examples
• Correlations of the field and intensity
• Correlations and conditional dynamics for control
• From Cavity QED to waveguide QED.



Hanbury Brown and Twiss; Intensity 
Intensity correlation
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R. Hanbury Brown and R.Q. Twiss, Correlation between 
Photons in Two Coherent Beams of Light, Nature 177, 27 

(1956).



Correlations of the intensity at t=0

It is proportional to the variance



Intensity correlations (bounds)

The correlation is maximal at equal times 
(t=0) and it can not increase. 
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The intensity operator  I is proportional to the 
number of photons, but the operators have to be 
normal (:) and time (T) ordered. All the creation 
operators do the left and the annihilation operators 
to the right (just as a photodetector works). The 
operators act in temporal order.

R. Glauber, “The Quantum Theory of Optical 
Coherence,” Phys. Rev. 130, 2529 (1963). 

Quantum Correlations (Glauber):



At equal times (normal order) :

Conmutator : â+â = â â+ −1

â+â+â â = â+(â â+ −1) â = â+â â+â − â+â

â+â+â â = n̂2 − n̂ where n̂ = â+â

The correlation requires detecting two photons, 
so if we detect one, we have to take that into 

consideration in the accounting. 



In terms of the variance of the photon 
number: 

The classical result says:



The quantum correlation function can be 
zero, as the detection changes the 

number of photons in the field. This is 
related to the variance properties: is the 
variance larger or smaller than the mean 
(Poissonian, Super-Poissonian or Sub-

Poissonian).



At equal times the variance gives
g(2)(0)=1 Poissonian
g(2)(0)>1 Super-Poissonian 
g(2)(0)<1 Sub-Poissonian

The slope at time=0:
g(2)(0)>g(2)(0+) Bunched 
g(2)(0)<g(2)(0+) Antibunched

Classically we can not have Sub-
Poissonian nor Antibunched. 



Quantum Correlations (Glauber):

If we detect a photon at time t , g(2)(t) gives the 
probability of detecting a second photon after a 
time t .

g(2)(τ ) =
: Î (τ ) :

c

: Î :



Correlation functions as conditional 
measurements in quantum optics. 

The detection of the first photon gives the 
initial state that is going to evolve in time. 

This may sound as Bayesian probabilities.

g(1)(t) Interferograms.

g(2)(t) Hanbury-Brown and Twiss. 
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Classically g(2)(0)> g(2)(t), g(2)(0)> g(2)(0+e) negative slope
antibunching, g(2)(0)<1 subpoissonian, also |g(2)(0)-1|> |g(2)(t)-1|

antibunched

Non-classical

subpoissonian
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Conditional evolution of the state one atom

Field   atomic polarization

conditioned
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Field with drive E
PolarizationEquations of 

motion of the 
coefficients

For N non-interacting atoms





What happens after a click?



As a function of intracavity intensity





As a function of detuning



Detuning



effective number of atoms



Large background
thermal atoms
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