, s (QCT) Group
Explorations Systems Autonomy, Sec. 367

http://cs.jpl.nasa.gov/qct.html/gat.html
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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 (D) 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 @ 3
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 ...




Paradox? What Paradox!?

(1.) The Stateof the Cat is ‘;Enfa«hgled” W1th ”’Thaft of the Atom.

(2.) The Catisina SlmultaneousSuerposltmn of Dead & Alive.

() Obsq‘\?éfsl"are Required to “Collp e

thé Cat to Dead or Alive
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',_'V;.;.B_e Replaceii by Some Sort of Local, Statistical,




The physical predictions of quantum theory disagree
with those of any local (classical) hidden-variable theory!
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H -\ ].\ W v
Two-Photon

Atomic —: 7—
D
T veled ik

r3
PA ‘ filters " v DA
W 1 I'I | "‘_L W'
® |- “— * > . ®
PMT I'I source - :" PMT
\ \ \ \
v H) V), + VL), 4
| PMT PMT|©
@ fourfold @

® coincidence G

V= Vertical Polarization

coincidence counter ) . .
. H = Horizontal Polarization
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JPL  Parametric Downconversion: Type I ,f‘q ‘

Downconversion Momentum is conserved..
B S K K.

Pump

Kpump

! ..as well as energy

« A pump photon is W,
spontaneously converted Wpump

into two lower frequency

photons in a material with ~
a honhzero x(2 Cpump = s t @
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Photon Pairs

Signal B

Idler A

sta Ds» k, >Ala)i9 Dis K, >B +|0)i9 Dy K; >A|a)s9 Ds ks >B



JPL Parametric Downconversion: Type I (h

QuickTime™ and a Sorenson Video decompressor are needed to see this picture.



JPL Parametric Downconversion: Type II

pump beam

optical
axes

S

BBO crystal
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QuickTime™ and a Animation decompressor are needed to see this picture.
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extraordinary
(vertical)

BBO-crystal

ardinary

EPR Source

Y
3V + V)aHe

N )
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Bell State Analysis
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Delay [pm]
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IPL  NiST Heralded Photon Absolute Light Sourcef#Q

Output characteristics :

photon # => known
photon timing => known
wavelength = known
direction = known
polarization <> known an dll
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Detector to be Cahbrated

Absolute
J\J\I\’_" Efficiency

COINC
COUNTER

PARAMETRIC
CRYSTAL (02

N =1;N No=M;,N Ne=1i M2 N

nl NC/ N2




JPL I Characterizing Two-Photon Entanglement J ﬁ%

Any two-photon

Type-I [ - i :
YP H-polarize tomography requires 16

phase-matching (from #1)

—’n of these measurements.
V-polarized
ol it B = (from #2) Examples

‘ U J} Arm 1 Arm 2

) ) H v

. : H R

Kwiat Super-Bright Source D D

Detector

gwp EB

This setup allows
measurement of an
arbitrary polarization
state in each arm.

Paul Kwiat
Detector U. Illinois
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Bell States 1

$ - 2
T
0.8+ | AN
. \ \

E| \\\%% \\\
~ 0.6 - .
m" ) AN
E" | Werner States
™ 04

0.2 %
o — o
Product Statesg 4* . e ] S \\

0 0.2 0.4 0.6 0.8 1
Pure Linear ent S Mixed
states car entropy, states
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%,
%,
£~
i,....,.._. ....}
i
P R
1 1 .
System Under Lake Geneva - ._l W“> = 77(‘?‘;)3'5% +e ii)] l)i_)
QB ‘\- ) O 2 e : ’ fi C
Q) > <L\
-1 Bob Charly ]

Bob and “Charly” Share Random Crypto Key
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Quantum Interferometric Optical Lithography: Exploiting Entanglement
to Beat the Diffraction Limit

Agedi N. Boto,! Pieter Kok.2 Daniel S. Abrams,! Samuel L. Braunstein.2
Colin P. Williams,! and Jonathan P. Dowling!-*

wHaTs NexT  New York Times
Quantum Leap May Transform Chips

By IAN AUSTEN

physics : Fine lines
PHILIP BALL NATUre

Science
Yoked Photons Break a Light Barrier




JPL The Hong-Ou-Mandel Effect

Phase Shifter '@_l
C

Coincidence
Counter

D )—'
phase oscillates twice as fast ®

0).02), +120,10), . [o),l2), + e, l0),
2

V2 V2

Parametric
Downcoversion

Leonard Mandel



JPL Quantum Optical Lithography ’ (#g

Two-Photon Absorption

C Quantum Peak

10),12), +¢**12),J0), Is Narrower and
V2 Spacing is HALVED!

Parametric
Downcoversion

Classical One-Photon Absorption —
Classical Two-Photon Absorption —
Quantum Two-Photon Absorption —
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Quantum lithography: setup
* Milena D’Angelo, Maria V. Chekhova, and Yanhua Shih,
PRL 87, 013602 (2001)
/7 m2 e | BBS, 2
T s and | 15 19

|Coincidence

Circuit
(458 ﬁm} &{:i
Two-photon source: Degenerate Collinear type-lI

SPDC
¥ Double-slit VERY close to the crystal = AP << h/D
E vy =e(a]ta;"+ b, 'b") §()}
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CC in 100 sec

Counts per sec

*
University of Maryland Experiment (ﬁQ

Results oo

250
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4 6

£ ] %§ SRR L L : v Laaw 0 F ;§§

h&%ﬁ © A6 man

8 {mrad)
HO) = sinc{(ma/n) O] < cos [(nh/7) O}

Yanhua
Shih
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A A

classical 2” A'X:Shoz‘noise = '\/—N > A)‘:Heisenberg = N Image of the wave ,U/ate

plane with waist=300um

coherent

| <
beam =

wave plate

f=3cm

squeezed vacuum : OPA | Hans Bachor
Australian National University
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Entangled Photons Can Synchronize Past the Turbulent Atmosphere! I

[ Pulsed laseriz,z,

- ansdsig




JPL Quantum Computing ,f%@

Entangled Photons are a Resource for Scalable Quantum Computation! I
T4l

-

)
!
'
1

J

E. Knill, R. Laflamme and
CONTROL G. Milburn, Nature 409, 46, (2001)
TARGET ' Gerard
- Milburn

| University
y Queensland

Quantum Controlled-NOT Gate
using and Entangled-Light
Source, Beam Splitters, and
Detectors.




JPL JPL Quantum Optical Internet Testbed k%:

POC: Jonathan.P.Dowling@jpl.nasa.gov (QCT Group)

o QCT Group Quantum Optics Lab
 Single Photon Sources and Calibration

* Optical Imaging, Computing, and SATCOM

Entangled Photons




JPL JPL Single Photon Detector Foundry (#3
POC: Deborah.J.Jackson@jpl.nasa.gov (QCT Group)
Silicon waveguide

- single mode vertical
- multi-mode lateral

N\t Superconducting
\. Single-photon detector

Single-mode fiber
Contact pads

Diffractive
optical element
(produces line focus)

SiO, substrate

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

« This facility will provide a vertically integrated, completely in-house
capability to develop, design, fabricate, test, and optically characterize
ultra-fast, thin-film, superconducting, single-photon detectors.

« These detectors are targeted for use in wide-bandwidth, optical, quantum
key distribution (QKD) for the DoD, as well as US intelligence, commercial,
and academic applications.



mailto:Jackson@jpl.nasa.gov
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