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Introduction/Outline

One Photon Interference Introduction
e Introduction to coherence

Parametric Down-conversion as a source of entangled photons

* Phase matching condition, Quantum Entanglement, Bell inequalities, Quantum Information

Two-Photon Interference

e Temporal, Spatial, and Angular.
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Parametric down-conversion
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Conservation laws and entanglement

Coincidence
counting
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Wp = Wg + Wj Entanglement in time and energy
“Temporal” two-photon coherence

qd, = 4 + g, Entanglement in position and momentum
“Spatial” two-photon coherence

Jp =g+ [; Entanglement in angular position and orbital angular momentum
“Angular’” two-photon coherence

Coherence length of pump laser: Ef.;:h ~ 10 cms.

Coherence length of signal-idler field: [_._ ; ~ ¢/Aw ~ 100 um.




Two-Photon Interference

* Hong-Ou-Mandel effect

C. K. Hong et al., PRL 59, 2044 (1987)
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PDC

» Postponed Compensation Experiment
T. B. Pittman, PRL 77, 1917 (1996)

e Induced Coherence
X.Y.Zouetal., PRL 67,318 (1991)

* Frustrated two-photon Creation
T. J. Herzog et al., PRL 72, 629 (1994)

Coincidence




Two-Photon Interference: A two-photon interferes with itself
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Two-Photon Interference: A two-photon interferes with itself
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Two-Photon Interference: A two-photon interferes with itself
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Hong-Ou-Mandel (HOM) Effect
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Hong-Ou-Mandel (HOM) Effect

D
X 1 s
: I I Dy [1] —%i
PD(C Di

D,

o K>

Dy

! I 1 P

_>:i:<_ D;
|

Dy

z | e

D;

AL=0: AL =2x Ry

—-f lcoh

R = C[l =+ (22)]




Postponed Compensation Experiment
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Experimental Verification

Coincidence
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Experimental Verification

» Hong-Ou-Mandel effect
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Spatial Two-photon Interference
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Conservation laws and entanglement
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“Angular” two-photon coherence



Angular Fourier Relationship
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Angular One-Photon Interference
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Angular One-Photon Interference
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Angular One-Photon Interference
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Angular One-Photon Interference
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Angular Two-Photon Interference
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Angular Two-Photon Interference
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Angular Two-Photon Interference
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Angular Two-Photon Interference
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Angular Two-Photon Interference
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Angular Two-Photon Interference
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Angular Two-Photon Interference
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Angular Two-Photon Interference
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Summary and Conclusions

A unified description of two-photon interference effects in terms of two-photon
path length difference (AL) and two-photon path-asymmetry length difference (AL").

HOM effect was described as the change in two-photon coherence as a function of
two-photon path-asymmetry length difference (AL").

Studied angular two-photon interference effects

Demonstrated an angular two-qubit state
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