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Low dimensional systems



Two-photon Sources

Schmidt decomposition

One-photon states
in the Schmidt modes

Pure states



Two-photon Sources

Mixedentangled



Mixedentangled

Two-photon Sources



One-photon states
in plane-wave modes

Schmidt modes for photon 1 in q space

Representation of the reduced state operator
in terms of plane-wave modes



Schmidt modes for photon 1

Fourier transform



Cross-spectral density

Schmidt modes for photon 1

Coherent modes for field 1

Fourier transform
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Quantum mechanics of pure monochromatic two-photon states

Classical coherence theory

Reduced (one-photon)
density matrix Schmidt modes

Cross-spectral
density function Coherent modes



The Schmidt number

The overall degree of coherence



The Schmidt number

The overall degree of coherence

May be difficult
to measure



Quasi-homogeneous light sources

Transverse coherence function

Normalized intensity

source
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Quasi-homogeneous light sources

Transverse
coherence length

Smooth intensity profile
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Quasi-homogeneous light sources

Easy to measure
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Two-photon source? Experimentally
assessable

Procedure



Pure state?

Two-photon source?

Experimentally
assessable

Procedure
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Scatterers



Quasi-homogeneous
reduced (one-photon)

state?

Pure state?

Two-photon source?

Procedure

Experimentally
assessable
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Pump photon Down-converted photons

Spontaneous parametric down-conversion

Application



UV Laser
Down-converted field
+ laser

Crystal

Spontaneous parametric down-conversion



UV Laser
Down-converted field

Crystal
UV filter

Spontaneous parametric down-conversion



Oven
UV Laser

UV filter

Down-converted field

Crystal

Spontaneous parametric down-conversion

Temperature controlled
phase matching

(in our setup)
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Experimental setup

413 nm

5mm-long
type I PPKTP

UV
Filter

5nm BW @ 826nm
interference filter

L1: f=49mm
L2: f=100mm



Experimental setup

12 x image of the source (near field)
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Experimental setup

Fourier transform (far field)
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Experimental results

Crystal temperature (oC)
60 62 64 66 68585654



Experimental results + theoretical predictions

Collinear phase mismatch



Theoretical predictions

Correction for the finite detection aperture



Collinear phase mismatch

Experimental results + theoretical predictions



Conclusions

The Schmidt number of two-photon states entangled
in transverse modes is identical to the inverse of the
overall degree of coherence of the reduced one-photon states.

If the reduced (one-photon) states describe quasi-homogeneous
light sources, the overall degree of coherence can be easily
measured, providing a direct measurement of the Schmidt number.

Phys. Rev. A 80, 022307 (2009)


