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1 pulse = 200 mJ, 100ps

(laser pointer: 1mJ/seconde)

3eam size upon arrival =
Km

Returning:
1 pulse =2.10%" J !l

What does the detector see?

1 click every 100 shot: the photon !!
Probabilistic nature of measurement in
quantum physics



\ Random arrival times of photons L @ueme
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\ \ Quantum Description of Light D@ v=me

Amplitude _
Classical: solutions of Maxwell's equations . Optical modes
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vacuum ‘O> or “clicks” |1>
Single photon regime :

: : “clicks” on a photon counter
Discrete regime
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\ \ Quantum Description of Light L @ veme

Amplitude _
Classical: solutions of Maxwell's equations Optical modes
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\ \ Quantum Description of Light 0, @ venc
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Quantum description: E(+) (777 t) — ZZ gl&liei(gz-??—wzt)i

Continuous variable regime
Single mode

Position and
momentum of a particle

Light fluctuations: noise on

Continuous light o ®
the detection
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\ \ Can we go further than shot noise? yeme
LKB

Light Photodiode
Source

A
Eq

AE,AE, = 1

Glauber states !

Quantum resource:
squeezed states !
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' Squeezed light generation uPmC

Non-linear optics

O —0 @O

H.A. Bachor’s group
The Australian National University



\ \ Improved phase measurement L. @ ueme
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yy‘ Phase shift
D =m/2

Light [ X
source A
beam 1 F
splitter I
1 -
Quantum resource: \ ‘
squeezed states ! >
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\ \ Gravitational waves measurement ueme

nature
LETTERS hvsi
PUBLISHED ONLINE: 11 SEPTEMBER 2011 | DOI: 10.1038/NPHYS2083 p ySlCS

A gravitational wave observatory operating \
beyond the quantum shot-noise limit

The LIGO Scientific Collaboration **
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\ \ Beam positioning f.@ueme

Gaussian laser beam

‘ OFE(x)
L 1€ order
Flx+d)=FE(x)+d X 5 (Tavion
N X
Do not depend proport\io/nal tod
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\ \ Beam positioning uPme
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Homod‘ne detection

Coherent

VACUUM =

- i

Incident
beam

K

Sensitivi; 11910

0,1 nm for 1mW and 10us

Limiting noise : vacuum noise of the derivative of the incident beam



\ Measurement at Crameér Rao bound L@ veme
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15 AUGUST 2003 VOL 301 SCIENCE www.sciencemag.org

A Quantum Laser Pointer ;E@

Nicolas Treps,’2* Nicolai Grosse,” Warwick P. Bowen,’ Claude

Fabre,? Hans-A. Bachor,” Ping Koy Lam’
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THE AUSTRALIAN NATIONAL UNIVERSITY
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Optical Frequency Combs

LKB

Dispersive
Prism

J. Roslund, R. M. de Araujo, S. Jiang, C. Fabre,
and N. Treps, Nature Photonics 8, 109 (2014).

Maximally entangled state

1881 SORBONNE
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Measured quadratures on pixels: 1,0
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\ \ Quantum computing yPmc



\ \ 0. @ vemc

LKB

A classical company based on
gquantum-inspired technologies



\ Space division multiplexing e @ 47!
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sa---n..
C. Kao prix
Nobel 2009

Demand for bandwidth is growing
globally:

« |P traffic grows 20% - 90%
annually, led by IP video traffic -
Lit copacity as of April 2006 .

* Cloud and virtualization drive S0 S0 010
LAN traffic increase T e
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Shaping the light “‘

Multi-Mode Fiber
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\ \ Quantum to classical technology K @ueme

Each mode: an information channel (quantum or classical)
One needs lossless mode mixing

Mode (information channel) changes, not the information itself

Possible ? Yes: it is a unitary transformation
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\ Unitary transformation on light 0. @ veme
= * e N modes in
O /ﬂ -> N modes out |
Eg\m o = Uy gu”
. s

Needs to be unitary
-> only local phase modulation

Phase and amplitude transformation
Same dimension of the number of modes
-> a unique phase plane is not enough

Adaptative optics



B \Quantum to classical technology

LKB

Each mode: an information channel (quantum or classical)

One needs lossless mode mixing

Reflected Wavefront

Spatial light modulator (or ! I

deformable mirror) fecrode”
Boston nonlinear systems Liguid Crysta k ]
) /7N

Modul

DielectricMirror

)///,

Pixel Electrodes

J.-F. Morizur, L. Nicholls, P. Jian, S. Armstrong, N. Treps, B. Hage,
M. T. L. Hsu, W. Bowen, J. Janousek, and H.-A. Bachor,
Programmable unitary spatial mode manipulation JOSAA 27,
2524 (2010).

J. F. Morizur, S. Armstrong, N. Treps, J. Janousek, and H. A.

Bachor, Spatial reshaping of a squeezed state of light, Eur Phys J
D 61, 237 (2011).



Multi-Plane light conversion [@u=mc

LKB

Convert any orthogonal basis of transverse modes |nto any other
No intrinsic losses T R T T T

Lehi

Phase plate

Morizur et al. (2010). Prc

Society of America A, 27 Spherica] mirror d

Shaping the light ‘




\ Spatial multiplexing

Few mode 4
fiber

spatial multiplexer

.'-,‘.‘

single-mode fibers ’ )

few-mode fiber spatial demultiplexer single-mode fibers



\ \ CAlLabs company L@ v=me

Jean-Francgois Morizur, PhD (Australia and UPMC - LKB), consulting: CEO
Guillaume Labroille, PhD (X - LOB), Post Doc (UPMC - LKB): CTO

LKB

CAlLabs is a photonic start-up ...

« Spin-off of the Laboratoire
Kastler Brossel (Nobel prizes in
‘66, ‘97 and ‘“12)

- Research project started in
2008

e Seed round in November 2013
- 1,6 M€, leading French VCs
... with a world-class team

16 employees, 7 PhDs,
recognized expertise in spatial
mode manipulation

Rennes (2h west of Paris), 340m?

CAl

ERPHAGNON
J Shaping the light \
www.cailabs.com
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