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Entanglement in bipartite systems of photons
Experimental quantification
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Low dimensional systems

Direct measurement
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Two-photon Sources
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Representation of the reduced state operator
in terms of plane-wave modes

o1(ay,q1) = (aylprlal) = Y An{aylén)(dnld))

One-photon states

X .
in plane-wave modes
k
< A\
b ] /,,’ Schmidt modes for photon 1 in g space
Tz

1(ar,q) ZA ¢n q;) ( 1)



~

¢(X1) — gz[¢(q1)] Fourier transform
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Schmidt modes for photon 1
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Schmidt modes for photon 1

w(X1,X]) = Z)\n dn(X1) Py, (X7)
Coherent modes for field 1

w(x,x7) o< (65 (x1) 60 (x1))
Cross-spectral density

L. Mandel and E. Wolf, Optical Coherence and Quantum Optics (Cambridge)



Quantum mechanics of pure monochromatic two-photon states
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The Schmidt number
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The Schmidt number
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Quasi-homogeneous light sources

w(x1,x1) = p(|x1—x1|) P(z[x1+x1)

Transverse coherence function
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Quasi-homogeneous light sources
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Quasi-homogeneous light sources
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Procedure
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Procedure
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Procedure
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Application

Spontaneous parametric down-conversion
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Spontaneous parametric down-conversion
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Spontaneous parametric down-conversion
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Spontaneous parametric down-conversion
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Spontaneous parametric down-conversion
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Spontaneous parametric down-conversion
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Experimental setup

Temperature 5nm BW @ 826nm
controller interference filter

5mm-long uv
type | PPKTP Filter
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Experimental setup
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Experimental results
Lcryst. = 5.06mm
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Experimental results + theoretical predictions
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Theoretical predictions

Correction for the finite detection aperture
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Experimental results + theoretical predictions
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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)



