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Polarization-Entangled Photon Source

Photon #1 Photon #2

= Photon #1 is randomly polarized

= Photon #2 is aso randomly polarized

= Photons #1 and #2 are always orthogonally polarized
(or some other known fixed relative orientation)



Optical Parametric Downconversion
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= Energy conservation: w, +w, =W,
= w, and w, photons are generated simultaneously
= N or || polarized, depending on phase matching

= Kwia et al, Phys. Rev. A 60, R773 (1999)
e 15x10°s ", 5nmBW @ 702 nm, 150 mW pump
e spectral brightness: 15 s~ over a30-MHz BW



Doubly Resonant OPA
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®, K @ 2 = > W,
I > W,
= Cavity iIsresonant at signal and idler fields
e Significantly lower pump power
e 15x10°s "in 30 MHz @ 1% of threshold pumping
Well defined spatial mode

®
e Adjustable BW and generation rates
®

Sel ectable wavel engths via quasi-phase matched
nonlinear materials




Polarization-entangled photon pairs

OPA
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= Simultaneous generation of photon pairs. time correlated

= Orthogonal polarization: polarization correlated

= 2 OPAs => arbitrary-polarization entangled beams



Type-II Dual-OPA Entanglement Source
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Dual-OPA Ring-Cavity Implementation
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PPKTP Dual-OPA System

60 m\W
—

1% of threshold
397 nm

dual-OPA

15x10°s"

30 MHz BW
795 nm

= Type-1l phase matched 1-cm-long PPKTP

= Qutput coupling = 10%, free spectral range = 3 GHz
> cavity lifetimet.» 7 ns

» detectiontimebin T = 10t » 70 ns

» 1 polarization-entangled photon pair per 700 ns

= 10’ times brighter than downconversion sources
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Periodically Poled KTP
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Poling: 1.85 kV/mm
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= Quas phase matching (QPM)

o Dk=k;- k- k1 O

L

e grating period L =2p/Dk (typically 10 mm)

= PPKTP: type-11 QPM
e ds =(2/p) d,y = 1.8 pm/V

L =8.9mMm



Type-I Dual-OPA Entanglement Source
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Type-I PPLN Dual-OPA

532 nm
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> W,
1610 nm

» W,

15x 10°s *. 30 MHz BW

= Type-l phase matched 5-mm-long PPLN

= QOutput coupling = 5%, free spectral range = 6 GHz
> cavity lifetimet.» 7 ns
» detectiontimebin T =10t.» 70 ns



PPLN Fabrication

L =22mm samplelength = 10 mm

= PPLN reguirement for dual-OPA system:
e type-l phase matching (same polarization)

e ds=(2/p) di; » 15 pm/V
o L=75mMm for532mMm® 795 nm + 1610 nm



Ultrabright Entanglement Source
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Pump
Objectives: PPKTP
develop a high-flux polarization
entanglement source for long-distance \ | L S OPA1
singlet-state quantum communications / ’\A outputs
Auxiligry |aser OPA2
for cavity servo outputs

Schedule:

- 795-nm source
_ dual-wavelength source
[ 1550 source
[Entenglement iber ransission

5/01 5/02

Program Elements:

e PPKTP dual-OPA source at 795 nm

e PPLN dual-OPA source at 795 nm
and 1610 nm

e PPLN dual-OPA source at 1.55 nm

e Entanglement transmission over
standard telecom fiber




