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1) Motivation

« Avalanche Photo-Diodes (APDs) areintegral to quantum-information experiments,

but their response to single photons and photon pairsis not well-under stood

We show that the“ standard model” for photon detection isinadequate for high-
efficiency APDs (ie. Detection rateisnot just proportional to <a'a>)

We disprove the common wisdom and show that nonclassical effects can be seen in
thesinglesrate of a single-photon detector

2) Downconversion

e A high-frequency pump photon (400nm) can be spontaneoudy converted into 2 lower -

frequency photons (~=800nm) in a material with a nonzeroc®

« Energy and momentum conservation are satisfied in the process. These constraints

lead to entanglement in ener gy, momentum, time-of-emission, polarization, and photon
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4) Typical HOM Output
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Until thiswork, the nonclassical HOM
effect has been visible only in coincidence
rates, and has been contrasted by
featurelesssinglesrates.

Thisis because the interfer ence does not
changetheintensty of thelight, but
changes the number of photon pairsat the

expense of single photons.
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5) Single Detector Photon Countin
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6) Nonlinear model for APDs

« 100% efficient APDs, operating in Geiger mode, cannot tell the difference
between 1 photon and 2 photonswithin the dead time. This meansthat
single-photon detectors do not really measur e intensity, but have a
significant nonlinear response for even a couple of photons.

(ie2 P(1 photons) * P(2 photons) etc.)

 Real detectors, however, are not

100% efficient and we usea simple 3
model to describe their behaviour %
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/) Experimental Setup

e Polarization-based HOM interferometer
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9) Singles Dip Visibility Vs. Collection
Efficiency
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10) Summary

* New efficiency dependent quantum effect

« Themomentum and energy relaxation timescalesin S are ~50-
100fs. Thistype of technique may allow measurements of these
times aswell as probe issues of decoher ence.

e Futurework will include more precise tests of the model by
Improved background measurement techniques.
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