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Longitudinal component of angular momentum
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Longitudinal component of angular momentum
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Photon: Spin Angular Momentum

vectorial picture angular momentum

J, = +h

® Circular polarisations:
(Left and Right)

® Spin angular momentum
may take two values of
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® Optical field expression in the
cylindrical coordinate is

AN

L. = —id,

E(r,p,z,t) = E(r, z)et® ¢tkz=wt)
J, = Lh

In the contrast, orbital angular momentum

may take any of the infinite values £ =... - 2, -1,
0 1,2,..

Laguerre-Gaussian modes are one set of
paraxial wave mode which carry the OAM.

sqogroup.ca




Université d'Ottawa University of Ottawa

Photon: Optical Angular Momentum

sqogroup.ca

Interested: see WiKipedia pages on angular momentum of light



Universitée d'Ottawa

Photon: Optical Angular Momentum

l=+1 £=+42  £=43

Interested: see WiKipedia pages on angular momentum of light



Universite d'Ottawa University of Ottawa

Photon: Optical Angular Momentum

3 -2

sqogroup.ca

Interested: see WiKipedia pages on angular momentum of light



Universite d'Ottawa University of Ottawa

Photon: Degrees of Freedom

continues variable

Linear momentum (k-vector) =&

bi-dimensional variable

7T> Polarisation (Spin)

|p> Radial mode (p number)

infinite dimension (discreet)
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E Karimi, R W Boyd, Science 350, 1172 (2015)
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Application of Structural Photons

Quantum Computation Optical Microscopy Optical Manipulation

confocal

Classical communication Quantum Cryptography

a100 oim 0110 2112

J Harris, V Grillo, E Mafakheri, GC Gazzadi, S Frabboni, RW Boyd, E Karimi Nature Physics 11, 629 (2015)
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Quantum World

THERE 1S NO DEFINITE REALITY
[P -

CONJUGATE QQUANTITIES CANNOT
BE MEASURED SIMULTANEOUSLY

(QuanTUM INFORMATION CANNOT BE
CLONED WITHOUT INTRODUCING ERRORS
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PuBLic CHANNEL

wsdi jsv xli kpsvmiw sj xImw asvph; erh wsqi
wmkil jsv xli tvstlix'w tevehmwi xs gsqi;
el, xeoi xli gewl, erh pix xli gvihmx ks,

rsv lith xli vyafpi sj e hmwxerx hvyq!
A AT s e e s Bob

A

Key | | s
some for the glories of this world; and some,
sigh for the prophet's paradise to come;
ah, take the cash, and let the credit go,
nor heed the rumble of a distant drum!
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High-Dimensional QKD
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F. Bouchard, R. Fickler, R. W. Boyd, and E. Karimi, in press
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Experimental results
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Encrypted message

Sender (Alice)

Receiver (Bob)
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Cloning Attack
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F. Bouchard, R. Fickler, R. W. Boyd, and E. Karimi, in press
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Cloning Attack

Optimal quantum
cloning machine

F. Bouchard, R. Fickler, R. W. Boyd, and E. Karimi, in press
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Optimal Cloning Attack: Experimental Setup

A I i Ce . Quantum Cloning

s Machine
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F. Bouchard, R. Fickler, R. W. Boyd, and E. Karimi, in press



Université d'Ottawa University of Ottawa
24

Optimal Cloning Attack: Experimental Setup

sqogroup.ca

F. Bouchard, R. Fickler, R. W. Boyd, and E. Karimi, in press



Optimal Cloning Attack: Experimental Results
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Secure Channel under Cloning Attack

Encrypted message

Sender (Alice)

Receiver (Bob)
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F. Bouchard, R. Fickler, R. W. Boyd, and E. Karimi, in press
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Secure link Cloning attack

F. Bouchard, R. Fickler, R. W. Boyd, and E. Karimi, in press
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Intra-city QKD experiment
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A. Sit, F. Bouchard, R. Fickler, J. Gagnon-Bischoff, H. Larocque, K. Heshami, D. Elser, C. Peuntinger, K. Gunthner,
B. Heim, C. Marquardt, G. Leuchs, R. W. Boyd, and E. Karimi, arXiv:1612.05195.
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Degrees of freedom of light

A. Sit, F. Bouchard, R. Fickler, J. Gagnon-Bischoff, H. Larocque, K. Heshami, D. Elser, C. Peuntinger, K. Gunthner,
B. Heim, C. Marquardt, G. Leuchs, R. W. Boyd, and E. Karimi, arXiv:1612.05195.
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Laboratory results

Theory Experiment
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A. Sit, F. Bouchard, R. Fickler, J. Gagnon-Bischoff, H. Larocque, K. Heshami, D. Elser, C. Peuntinger, K. Gunthner,
B. Heim, C. Marquardt, G. Leuchs, R. W. Boyd, and E. Karimi, arXiv:1612.05195.
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Experimental results of intra-city QKD
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Alice Encrypted Bob

{lo)'t {lv)'}

A. Sit, F. Bouchard, R. Fickler, J. Gagnon-Bischoff, H. Larocque, K. Heshami, D. Elser, C. Peuntinger, K. Gunthner,
B. Heim, C. Marquardt, G. Leuchs, R. W. Boyd, and E. Karimi, arXiv:1612.05195.
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Experimental results of intra-city QKD

C Alice Encrypted Bob

b Original image

{16 {lo)°}

{1y {1l

{lo)'} {lv)'}

oo

=

——

= 4D with
-

= errors

{(wl} {Mel}

sqogroup.ca

A. Sit, F. Bouchard, R. Fickler, J. Gagnon-Bischoff, H. Larocque, K. Heshami, D. Elser, C. Peuntinger, K. Gunthner,
B. Heim, C. Marquardt, G. Leuchs, R. W. Boyd, and E. Karimi, arXiv:1612.05195.




Universite d'Ottawa University of Ottawa

QKD

MORE INFORMATION PER CARRIER

£ " X < o8
G N SRR NSOGB 5

T'HEY ARE ROBUST IN A NOISIER CHANNEL

o o e
P TN ST :
= e Y ol v 3

. R = -
iy M s =
!nm' "3%:-‘?;’3
|-
> q
v a oD o
ey L ALK =
T Il’
AL i ! .
Ty ! AL
- <
7 |
i 1 Ll ¥ ",“
-,. - 4 m - S —~ /
sﬁﬁh ey ~ .
1 |' e /
ey ( ) S — =
=V 1] n .: q
L4 - i
=2~ /) - /
e eE AT« < ]
2 gl 35
8 / L
L] -
| - -
1 S~ -
\ W —
e




Université d'Ottawa | University of Ottawa

LE SYMPOSIUM SCHAWLOW-TOWNES SUR LA PHOTONIQUE - 2016

THE SCHA\L~ l'OWNEi SYMPOSIUM ON PWNICS - 2016
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