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JPL Quantum Kitty Review 

A sealed and insulated box (A) contains a radioactive 
source (B) which has a 50% chance during the course of 
the "experiment" of triggering Geiger counter (C) which 
activates a mechanism @) causing a hammer to smash a 
flask of prussic. acid (E) and killing the cat (F). 
An observer (G) must open the box in order to collapse 
the state vector of the system into one of the two possible 
states. A second observer (H) may be needed to collapse 
the state vector of the larger system containing the first 
observer (G) and the apparatus (A-F). And so on ... 

# 

D 



Paradox Paradox.. t ?  







JPL Conservation of Quantum Spin 
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The physical predictions of uantum theory disagree 
with those of any local (classical) hidden-variable theory! 



Two-Photon 
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PA, 
Alain Aspect 

V= Vertical Polarization 

H = Horizontal Polarization 
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Parametric Downconversion: Type I & 

Downconversion Momentum is conserved.. 
S 

Pump 
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A pump photon is 
spontaneously converted 
into two lower frequency 
photons in a material with 

.. as well as energy 
1-1-1111 
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JPL Parametric Downconversion: Type I 

QuickTimeTM and a Sorenson Video decompressor are needed to see this picture. 
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JPL Tests of Bell’s Inequalities at Innsbruck 
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JpL NIST Heralded Photon A 

Output characteristics : 
photon # 
photon timing 
wavelength 
direction 
polarization 

9 known + known 
9 known 
.) known 
9 known Alan Migdall 



Detector to be Calibra 

CRYSTAL 

Trigger or "Herald" Detector 

No External Standards Needed! 



Characterizing Two-P hoton Entanglement JPL 
phase-matching (from 
Type-I 0 

__I 

##1 #2 

V-polarized 0 
(from #2) 

Kwiat Super-Bright Source 
Detector 

U 1 This setup allows 
I measurement of an 

arb i t ra ry polarization 
state in each arm. 

Detector 

Any two-photon 
tomography requires 16 
of these measurements. 

Examples 
Arm 1 

H 
H 
D 

A r m 2  
V 
R 
D 

Paul Kwiat 
U. Illinois 



JPL Characterization of Entangled States & 

Product States0 -/? . 
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Pure 
states 

0.2 0.4 0.8 1 
Linear entropy, S, Mixed 

states 



Quantum Cryptography at University of Geneva JPL 
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System Under Lake Geneva 
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Bob and Tharly” Share Random Crypto Key Nicolas Gisin 
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JPL 
Parametric 

Downcoversion 
Phase Shifter 

Coincidence 
Counter 

The Hong-Ou-Mandel Effect 

Parametric 
Downcoversion 

Phase Shifter 

+ 

phase oscillates twice as fast 
\ 

Leonard Mandel 
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Quantum Optical Lithography 

Parametric 
Downcoversion 

Two-Photon Absorption 

M 

Classical One-Photon Absorption - 
Classical Two-Photon Absorption - 
Quantum Two-Photon Absorption - 
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Quantum Peak I 
Is Narrower and I 
Spacing is HALVED! I 
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& Displacement Measurements and Gravity Waves 
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Image of the wave plate 
plane with 

33cm 

coherent 
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R=0.92 

squeezed vacuum : OPA Hans Bachor 
Australian National University 



JPL Quantum Clock Synchronization 

Entangled Photons Can Synchronize Past the Turbulent Atmosphere! 1 
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Seth 
Lloyd 
MIT 
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JPL JPL Quantum Optical Internet Testbed 
POC : J0nathan.P .Dowling@jpl .nasa. gov (QCT Group) 

QCT Group Quantum Optics Lab 

Single Photon Sources and C 

a1 Imaging, Computin * I  
lmtangled Photons 



JPL JPL Single Photon Detector Foundry 
POC: Deborah. J. Jackson@jpl.nasa.gov (QCT Group) 

Si1 i con waveg uide 

(produces line focus) 

We propose to develop a US Government single photon detector foundry 
at the Jet Propulsion Laboratory. 

is facility will provide a vertically inte ely in-house 
capability to develop, design, fabricate, test, and optically characterize 
ultra-fast, thin-film, superconducting, single-photon detectors. 

These detectors are target n wide-bandwidth, tical, quantum 
key distribution (QKD) for the DoD, as well as US intelligence, commercial, 
and academic amlications. I 

mailto:Jackson@jpl.nasa.gov
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