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BiphotonsBiphotons: Time: Time--Energy Entangled Photon PairEnergy Entangled Photon Pair

Mancini et. al. PRL 88, 120401 (2002).
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Quantum Teleportation of a Quantum Teleportation of a ““PersonPerson””
(impossible in practice)(impossible in practice)

Zeilinger, Scientific American, 50 (April 2000)

Space shuttle Station on the moon



Quantum NetworksQuantum Networks

Kimble, Nature 53 1023 (2008)
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44--Wave Mixing and Slow Light in Cold AtomsWave Mixing and Slow Light in Cold Atoms
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44--Wave Mixing and Slow Light in Cold AtomsWave Mixing and Slow Light in Cold Atoms
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Typical Apparatus for Cold Atom ExperimentsTypical Apparatus for Cold Atom Experiments
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SPDC with Spectral FilteringSPDC with Spectral Filtering

Coherence time ~ 30 ns
Bandwidth ~ 10 MHz
Number of cavity modes ~ 20
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et al., PRL 101, 190501 (2008)
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BackwardBackward--wave SPDC wave SPDC v.sv.s. Forward. Forward--wave SPDCwave SPDC

Backward-wave

Forward-wave

Coherence
Time

Gain
Linewidth

( )11 −− + si vvL

( )11 −− − si vvL

( )11

77.1
−− + si vvL

π

( )11

77.1
−− − si vvL

π



BackwardBackward--wave SPDC wave SPDC v.sv.s. Forward. Forward--wave SPDCwave SPDC

frequency frequency

Pump

frequency frequency

Pump



BackwardBackward--wave wave BiphotonBiphoton
 

SourceSource

30-mm long PPKTP crystals
Pump λ

 

= 532nm
Signal, idler λ

 

= 1064 nm
Gain linewidth

 

= 0.08 cm-1

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
0.0

0.2

0.4

0.6

0.8

1.0

 

S
pe

ct
ra

l P
ow

er
 D

en
si

ty

Frequency (cm-1)

Gain Profile



BackwardBackward--wave wave BiphotonBiphoton
 

SourceSource

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
0.0

0.2

0.4

0.6

0.8

1.0

 

S
pe

ct
ra

l P
ow

er
 D

en
si

ty

Frequency (cm-1)

30-mm long PPKTP crystals
Pump λ

 

= 532nm
Signal, idler λ

 

= 1064 nm
Gain linewidth

 

= 0.08 cm-1

Cavity finesse = 1000
Mode spacing = 1.75 cm-1
Cavity bandwidth = 3MHz

Cavity Modes



BackwardBackward--wave wave BiphotonBiphoton
 

SourceSource

-300 -200 -100 0 100 200 300
0.0

0.2

0.4

0.6

0.8

1.0

 

 

B
ip

ho
to

n 
W

av
ep

ac
ke

t (
ar

b.
 u

ni
t)

Time Delay (ns)

30-mm long PPKTP crystals
Pump λ

 

= 532nm
Signal, idler λ

 

= 1064 nm
Gain linewidth

 

= 0.08 cm-1

Cavity finesse = 1000
Mode spacing = 1.75 cm-1

Coherence time = 68 ns

Wavepacket



BackwardBackward--wave wave BiphotonBiphoton
 

SourceSource

30-mm long PPKTP crystals
Pump λ

 

= 532nm
Signal, idler λ

 

= 1064 nm
Gain linewidth

 

= 0.08 cm-1

Cavity finesse = 1000
Mode spacing = 1.75 cm-1

Coherence time = 68 ns
Bandwidth = 3 MHz

-40 -20 0 20 40
0.0

0.2

0.4

0.6

0.8

1.0

 

 

Sp
ec

tra
l P

ow
er

 D
en

si
ty

 (a
rb

. u
ni

t)

( ω - Ωq ) (106 s-1)

Spectrum



Phase Matching in BackwardPhase Matching in Backward--wave SPDCwave SPDC

pump

signal

idler

isp

isp

kkk −≠

+= ωωω



QuasiQuasi--Phase MatchingPhase Matching

pump

idler

signal

Λ

m 1   ,2 μπ

ωωω

≤Λ
Λ

=

+−=

+=

mK

Kkkk isp

isp



SubSub--micron Periodic Polingmicron Periodic Poling

Canalias

 

and Pasiskevicius, Sweden



Key Features of Resonant BackwardKey Features of Resonant Backward--wave SPDCwave SPDC

Compact design
no need of additional filter for single-mode biphotons

Higher brightness (photons/MHz/mW)
80000 times higher than nonresonant

 
forward-wave SPDC source

Wavelength tunability
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