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Quantum OpticSEEPENSItYy Operators

Pure X Mixed States
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Introducing the density operator (von Neumann — 1927)
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Quantum OpticsSERYENSIty Operators

() = Y (anlplan){am]Ala,)

= Z<an|pA|an> = Tr{pA}

Now we can represent a statistical mixture of pure states!
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Quantum OpticsEYENSIty Operators

Coherent States |) p = fP(O()|Cx><O£| d?y

P(a) : representation of the density operator:
Glauber and Sudarshan
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PIHIYSICAL REVIEW VOLUM;IC 138, NUMBIER 1B 12 APRIL 1965

Relation between Quantum and Semiclassical Description of Optical Coherence™

C. L. MEHTA
Department of Physics and Astronomy, University of Rochester, Rochester, New York

AND
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Institute for Theoretical Physics, University of Bern, Bern, Switzerland
(Received 12 October 1964)

Proc. Phys. Math. Soc. Jpn. 22: 264-314 (1940)

Some Formal Properties of the Density Matrix.

by Kaodi Husi.

(Readd Sept. 23, 1939 an‘l Jan. 27, 1940)
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Quantum OpticSEEPENSItYy Operators

2D Representations of the density operators provide a simple
way to describe the state of the field as a function of dimension 2N,
where N is the number of modes involved.

P representation is a good way to present “classical” states,
like thermal light or coherent states — statistical mixtures

But it is singular for “non classical states” (e.g. Fock and
squeezed states).

Husimi-Q is positive, limited, well defined. Looks like a
probability distribution.

Washes away the quantum features — everything looks like a

statistical mixture!

We will see and old trick for an intermediate representation..



Quasi-Probabilit; Ra

P- Glauber — Sudarshan (1962) p = | P(a)a){oa|d?

Q- Husimi (1940)  Q(a) = (a]pla)
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Wolfgang P. Schleich

Quantum Optics
in Phase Space

sl

Wigner (1932)
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JUNE 1, 1932 PHYSICAL REVIEW VOLUME 40

On the Quantum Correction For Thermodynamic Equilibrium

By E. WIGNER
Department of Physics, Princeton Undversity
(Received March 14, 1932)
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Wigner REPIES

Evident quantum/ classical frontier

S

Squeezed states Y

States with W<0




Reconstruction of non-classical cavity field states
with snapshots of their decoherence

Samuel Deléglise’, Igor Dotsenko'?, Clément Sayrin, Julien Bernu', Michel Brune', Jean-Michel Raimond*
& Serge Haroche? .
Vol 455|25 September 2008 |doi:10.1038/nature07288
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Wigner function (2/m)




