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Abstract: <span><div id="Cleaner">In quantum information, one can prove that a secure quantum cryptography channel based on photon key
distribution requires reliable single photon sources. If not, a potential eavesdropper may be able to get information using the extra photons. Current
sources are based on either attenuated laser beams, which may produce randomly 2 or even more photons at a time following a poissonian statistics,
or either based on two level-systems providing single photon sources often requiring cooling or complex set-ups.<div id="Cleaner">The goal of our
experiment is to provide an easy, robust and compact single photon source using nonlinear optics (parametric down-conversion). We want to study
its statistics and compare it to other photon sources. We could use this heralded single photon source to create a quantum communication
channel .</span>
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‘ Waterloo
Single photon source on a breadboard

1 Motivations

® Need single photons (for quantum cryptography)
® Educational project :
2 1 student

O a prototype to be sold

1 Constraints

® As cheap as possible
® As small as possible : breadboard
® Easy and robust source
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Plan

Waterloo

I A_single photon source ?
® Whatis an SPS?
® Different types of SPS

® How to characterize an SPS ?

0 Basic principles of the experiment

® Parametric down-conversion
® How to make an SPS?

— Results & next steps
® Second harmonic generation
® Next steps
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I - A single photon source ?

Waterloo

L] WhatisanSPS?

Pirsa: 07060002

1 photon at a time
0 deadtime after each photon
O recording arrival times :

ARERREEEN

natural realization : 2-level systems
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0 Different types of SPS

® Single dipole, quantized level systems

*
1
' W takes time to “reload” — 1 photon
¥

=  examples :
. trapped atoms or ions with optical transition between two levels
* quantum dots

*  nanocrystals
. colored centers

: Instrtut fur Theoretische Physik NPSC
IR Umiversitatinnsbruck Umiversite J. Founer, Grenoble Pl B
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® Attenuated laser : Poissonian distribution of the photons

P]:P"J: 1 R;'XPIT;

- — 10

Photon number distribution, <n>=0.5

® Other approximated SPS
=  Parametric down conversion

® Non single photon source
= “chaotic” classical light :
» incandescence lightbulb
*  neon

«  spectral lamp
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! How to characterize them?
1 detector : not enough!

y (2],
® The second order coherence function g ~ (7]

Z  Measures the correlation of the intensity of the field
0 The intensity is related to the number of photons

[

(1(0)I(r))

50%
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{2 =
® Measuring the ¢ ~'function

O record first photon, t=0
2 record second photon, t= T
J  jterate
- statisticson T
histogram
i 50%
I(0)
either transmitted or reflected!
[{T)
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®  Photon bunching and anti-bunching

=  Each type of light has a different _f}:f:'

—_— Classical light

— Coherent light (laser)

\
A LY
J |
A
(-
i -
ST T A T R T

4

L
=

T T L

4

&
it
(=]
W

Coherence functions for different types of light

= Recording arrival times of the photons :

IR NI IEIEIIR

B

I

Classical light : bunched photons ¢ = (0} > 1 Coherent light (laser) g'='{l}}) = |
Rils3.07080002 Ideal SPS Antibunched-light ¢ = (1} < Rege 117
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IT - Experimental setup ¥

[l Parametric down-conversion
® Non-linear effect

Z  non-linear medium — generating frequencies
2 1 blue photon (405 nm) — 2 (infra)red photons (810 nm)

VWV e AAR

pump signal + idler
405 nm 810 nm

- conservation equations :

-.-.-'p — «.J.-'j -+ il

—_—

-j:..“ —- Jl-f " .I:H
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0 How to make an SPS ?

® Photons are created by pairs | — separate the two beams
—* using polarization

® Use the “idler photon” to herald the “signal photon”

~ . \
Time window |
e A
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J How to make an SPS ?

® Photons are created by pairs ! — separate the two beams
—* using polarization

® Use the “idler photon” to herald the “signal photon”

- f : b
Time window |
A A
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Ll How to make an SPS ?

® Photons are created by pairs ! — separate the two beams
—* using polarization

® Use the “idler photon” to herald the “signal photon”

_PBS_ =
| idler ‘ Click!
N W
[
/
signal /

ﬁ _ _ y
1 _ Time window jl
Mo
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] How to make an SPS ?

® Photons are created by pairs | — separate the two beams
—* using polarization

® Use the “idler photon” to herald the “signal photon”
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] How to make an SPS ?

® Photons are created by pairs ! — separate the two beams
— using polarization

® Use the “idler photon” to herald the “signal photon”

SEAEE

idler Click!

— - _ b
. Time window jl
Sy

Heralded singie photon !
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IIT - Results and next steps

Ll A (few) results...on Second Harmonic generation

tﬂf‘u‘mwwm

pump signal
810 nm 405 nm

® inverse process
m efficiency : nsyc =0.03% — nppc ~ 107°%

® optimal temperature and wavelength
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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1 Future directions : double slit experiment

0 37 130 120 230
F el

L aboratoire de Photonique Quantique et Moléeculaire

Pirsa: 07060002 ENS Cachan Page 34/57 :

|;. 'Ii A -



| Future directions : double slit experiment

0 3] 1730 10 o8

F el
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| Future directions : double slit experiment
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. Future directions : double slit experiment

0 = 130 120 & X

F el

Laboratoire de Photonique Quantique et Moleculaire
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Future directions : double slit experiment

O a2’ 130 130 £

Ho=al

Laboratoire de Photonique Quantique et Moléculaire

Pirsa: 07060002 ENS Cachan Page 38/57

(L) C

L



Pirsa: 07060002

Future directions : double slit experiment
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. Future directions : double slit experiment
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. Future directions : double slit experiment
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| Future directions : double slit experiment
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| Future directions : double slit experiment
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. Future directions : double slit experiment
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Future directions : double slit experiment
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1 Future directions : double slit experiment

0 = 130 120 X
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1 Future directions : double slit experiment
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Future directions : double slit experiment
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1 Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment
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Future directions : double slit experiment

0 - 130 120 £
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Future directions : double slit experiment
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1 Future directions : double slit experiment
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