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Single Photons: Wavepackets
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Single Photons: Wavepackets
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Two Uncorrelated Single Photons
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Biphotons: Time-Energy Entangled Photon Pair

wavepacket
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Distribution of Quantum States Over Distances
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Quantum Key Distribution
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Quantum Teleportation
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Quantum Teleportation

0 ) =[Thl o) o), M\é@

,=ale), +B|T),

) =|0),l0), =(e]T), + 81, ) T),]©), +[T),[ <), )+
Fal?), - o), )(2)] o) - [T)]o),)+
(e]2), - 8), [ T)[2), + )|, )+
), + 810, [ T)]2), <)), )+

Bell states



Quantum Teleportation of a “Person”
(impossible in practice)

Space shuttle Station on the moon

Zeilinger, Scientific American, 50 (April 2000)



Quantum Networks
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Photon Loss in Quantum Channels

fiber, 0.2 dB/km
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No-Cloning Theorem

A perfect amplifier:
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Therefore there cannot exist such a amplifier for unknown quantum state.
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Quantum Repeater
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Quantum Memory
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Narrowband photons interact with atoms more efficiently.
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Spontaneous Parametric Down-Conversion (SPDC)
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Spontaneous Parametric Down-Conversion (SPDC)
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4-Wave Mixing and Slow Light in Cold Atoms
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Coincidence counts
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4-\Wave Mixing and Slow Light in Cold Atoms
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SPDC with Spectral Filtering
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SPDC in a Resonant Cavity

nonlinear
crystal

pump B >e

f

optical cavity

N

cavity modes

L, frequency




SPDC in a Resonant Cavity
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Backward-wave SPDC
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Backward-wave SPDC v.s. Forward-wave SPDC
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Spectral Power Density
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Spectral Power Density
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Biphoton Wavepacket (arb. unit)
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Spectral Power Density (arb. unit)
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Phase Matching in Backward-wave SPDC
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Quasi-Phase Matching
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Sub-micron Periodic Poling

Canalias and Pasiskevicius, Sweden



Key Features of Resonant Backward-wave SPDC

1 Compact design

no need of additional filter for single-mode biphotons

1 Higher brightness (photons/MHz/mW)

80000 times higher than nonresonant forward-wave SPDC source

1 Wavelength tunability
k, =k, —k; +22m/ A



Acknowledgements

Steve Harris (Stanford)
G.Y. Yin (Stanford)
Chinmay Belthangady (Harvard)
Shane Du (HK)
lte Yu (NTHU)



http://images.google.com/imgres?imgurl=http://tf.nist.gov/seminars/IWODD/darpa.png&imgrefurl=http://tf.nist.gov/seminars/IWODD/IWODD.html&usg=__98980migDb9xLi7fKZdEn9D66Jk=&h=289&w=525&sz=168&hl=en&start=2&um=1&tbnid=xTrH047hnCwRJM:&tbnh=73&tbnw=132&prev=/images%3Fq%3Ddarpa%26hl%3Den%26rlz%3D1T4SKPB_enDE246DE246%26sa%3DN%26um%3D1
http://images.google.com/imgres?imgurl=http://www.cylab.cmu.edu/muri/aro-logo.gif&imgrefurl=http://www.cylab.cmu.edu/muri/&usg=__a5_yhlHPHff5PNRiwmJjSVBxUHc=&h=320&w=353&sz=47&hl=en&start=8&um=1&tbnid=9jWdAIYPr_NDyM:&tbnh=110&tbnw=121&prev=/images%3Fq%3Daro%2Blogo%26hl%3Den%26rlz%3D1T4SKPB_enDE246DE246%26um%3D1
http://images.google.com/imgres?imgurl=http://www.cse.unsw.edu.au/~achim/DS05/images/Logo_AFOSR-Symbol.jpg&imgrefurl=http://www.cse.unsw.edu.au/~achim/DS05/&usg=__mI4N00u2uesLxYPFTnyXVRfAv0o=&h=402&w=409&sz=54&hl=en&start=1&um=1&tbnid=5utaCfVVR0oP_M:&tbnh=123&tbnw=125&prev=/images%3Fq%3Dafosr%2Blogo%26hl%3Den%26rlz%3D1T4SKPB_enDE246DE246%26um%3D1
http://images.google.com/imgres?imgurl=http://www.stanford.edu/group/cui_group/images/stanford_seal.gif&imgrefurl=http://www.stanford.edu/group/cui_group/yicui.html&usg=__-z1zdbskyFe7MvKhNrT-suPPMps=&h=900&w=900&sz=71&hl=en&start=5&um=1&tbnid=oTKHk5Da5LJTyM:&tbnh=146&tbnw=146&prev=/images%3Fq%3Dstanford%26hl%3Den%26rlz%3D1T4SKPB_enDE246DE246%26sa%3DN%26um%3D1

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46

