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Quantum information scienceQuantum information science
and photon manipulationand photon manipulation

Quantum teleportation, quantum cryptography, … etc. 
polarization-entangled states

Quantum imaging, entanglement concentration, … etc.
spatial shape of momentum-entangled states

Long-distance quantum communication, clock synchronization, … etc.
spectral shape of frequency-entangled states

………
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Single photon and time-energy entangled photons (biphoton)

Measurement of short entangled photons

Transmission of a single photon through noisy environment

Summary
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Single photon and time-energy entangled photons (biphoton)
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TimeTime--energy entangled photons (energy entangled photons (biphotonbiphoton))

If photon 1

 

and photon 2

 

are time-energy entangled,

Photon 1: 

Photon 2:

Measurements of            and          are not limited by the 
Heisenberg uncertainty principle. 

This distinguishes entangled photons from photons that are 
correlated but not entangled.
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Generation of timeGeneration of time--energy entangled photonsenergy entangled photons
((biphotonsbiphotons))
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The most common way to generate biphotons

 

is by a process called 
spontaneous parametric down conversion

 

in a nonlinear optical crystal.

The biphoton

 

is described by a biphoton
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Measurement of short photons?Measurement of short photons?

• Temporal length of biphoton

 

~ 1 ps
• Resolution of single photon detectors ~ 1 ns
• Photons are generated from a LiNdO3

 

nonlinear crystal.

1.5 ns Not 1 ps!



Generation of timeGeneration of time--energy entangled photonsenergy entangled photons
with fourwith four--wave mixing and slow lightwave mixing and slow light
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Direct measurement of photon Direct measurement of photon wavepacketwavepacket
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Measurement of short entangled photons



Measurement of short entangled photons?Measurement of short entangled photons?

2
21 )()( ,ttG ϕτ =For a short entangled photon wavepacket

 

,

measurement by slow

 

detectors only gives                  but not          .

Lets use the following trick: 

Now we have the Fourier transform of          .

We just need to take the inverse Fourier transform and obtain   !

But, how do we add               in our measurement?
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Amplitude modulation of entangled photons!Amplitude modulation of entangled photons!
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Amplitude modulation of entangled photons!Amplitude modulation of entangled photons!
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Amplitude modulation of entangled photons!Amplitude modulation of entangled photons!
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Measurement of Measurement of ““shortshort””
 

entangled photons entangled photons 
with with ““slowslow””

 
detectorsdetectors
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Transmission of a single photon through noisy environment



Transmission of single photons through Transmission of single photons through 
noisy environment?noisy environment?

Pick
Me!



Telecommunication through noisy environmentTelecommunication through noisy environment



Spread spectrum technologySpread spectrum technology
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SummarySummary

Long biphoton heralded long single photon

Amplitude modulation of time-energy entangled photons
Measurement of short entangled photons

Phase modulation of single photons
Transmission of single photons through noisy environment
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