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Intention of this seminar

Experimental quantum optics
for quantum information
technologies

e TJutorial on quantum optics:
How to generate quantum light?
How can quantum light help us process/transmit information?

 Some of my recent results on the field
(with different degrees of freedom of light)

 How will this be continued during my research in Telecom Paris
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Why quantum photonics? =

y (mm)

Speed of light - ¢ = 299 792 458 m/s
~ibre infrastructure globally deployed - Fibered and free space

_ow environmental interaction
Many different ways to encode information (degrees of freedom)

Little to none cryogenic requirements (only in detection)

Quantum superposition and quantum entanglement
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How to generate
quantum light?
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Generating quantum light

Attenuating a laser: Weak coherent states
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Generating quantum light

Atom In a high finesse cavity - cavity QED

/ 4 Purcell effect: \

l Directional emission
" ‘/\/\/L> of single photons.

Emission IS
A. Kuhn’s group - Oxford accelerated by the

\ cavity. J
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Generating quantum light

Photon pair sources

Phase matching
and energy
conservation

Pump

D Nonlinear crystal

Integrated
Silicon resonators

J
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Generating quantum light

Heralded single photons

\ Credit: A. Valencia, Uniandes - Bogota, Colombia J

Heralded single photon:
The arrival of a photon from the pair heralds the presence of another
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How do you verify
you have a single photon? 1

@econd order correlation function - g(z)((m

beam splitter (BS)
o—[\| = e 4 ——@
JU defecto 2:
I O 1.6 |

TELECOM
Paris " DE PARIS

pe = L
g = -
oL M : z“ﬂl\”(ﬁ; Sl)J”z B/i\ y

Séminaire ICE - 04/09/2025

TTTTTTTT
EEEEEEEEEEEEEE



11

.v’""._::- DE PARIS
ﬁ?ﬁﬁ‘l

What can you do with
quantum light for
quantum information

technologies?
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Two paradigms iIn
guantum information technologies

Discrete variable (DV)

Single photons as particles

Encoding of information In
different degrees of freedom:

Polarization, path, time bin

Single photon detection ng\,

Continuous variable (CV)

Quantum states as fields

1>

B | H .
| 1 > ‘ Ui'“l ,: 0.05
b b, _‘:._t

Encoding of information in quadratures (p, g)

Representation in distribution
functions (e.g., Wigner function)

Homodyne detection kg

0
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Degrees of freedom of light
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Temporal degree of freedom:

time-bin encoding
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Two-photon interference:
Two identical photons bunch at the same
output of a beam splitter.
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Tailored time-bin encoding

1
0.8 1
E 06
= 04 -
0.2 -
0 . . . . .
Rabi /‘\
80~ frequency // \
E)/Iagnelto- g 7 \
ptica —
T 60 '
; P E // \ T. Barrett
ﬁ - _ / \
= 40
Ol} / :]—0 96 \
- .
Neutral 2’Rb
: A. Kuhn
0 1 2 3
t[us

G. Vasilev et al. New J. Phys. 12, 063024 (2010)
J. Dilley et al. Phys. Rev. A 85, 023834 (2012)
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Control

Counts

_ Driving pulse

;PhOtOH shape a|1,0) + Be?|0, 1)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Time (ps)

P. Nisbet et al., New J. Phys. 15, 053007 (2013)
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Feedback on quantum interference

Photon preparation Interference
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Frequency degree of freedom:

high dimensional QKD network
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Frequency bin encoding = -

Robust to environmental noise J ‘

Adequate for both free space and fibered distribution
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Frequency bin encoding *= -

Simultaneous manipulation of multiple channels - Off-the-shelf devices

Electro-Optical Modulation - Bin mixing

Output | :
e, ntensity
Input 2 sz | s 4

fy . M S
\ RF signal
,usin(QMt+9> + ¢, w

Lukens J. et al., Optica, Vol. 4, No. 1 (2017)
22 Seminaire ICE - 04/09/2025



TELECOM
Paris

Frequency bin encoding =% -

Simultaneous manipulation of multiple channels - Off-the-shelf devices

Electro-Optical Modulation - Bin mixing

= Output
Input = i m‘.m AR N ED LA N Cr ‘*
s

\ RF signal
7 sin(Qﬂt + 9) + ¢,

Intensity ,

Lukens J. et al., Optica, Vol. 4, No. 1 (2017)
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Frequency bin encoding

Simultaneous manipulation of multiple channels - Off-the-shelf devices

Electro-Optical Modulation - Bin mixing

Output  |ntensity ,

|npUt = e ..,'“‘ww.\wm ol % Mixed
D! | ——
\ RF signal iO """"" "\ I
: s D \ 4 0 “ ﬂ W
U sm(QMt + 9) + ¢, Ll--x } A

Output : M Q)

Lukens J. et al., Optica, Vol. 4, No. 1 (2017)
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Henry
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[Kues et. al, Nature 2017] up to d=4
[Lu et. al, Nature Com 2022] up to d=7 George
[Cabrejo et. al, Laser&Photonics Rev 2023] d=7 Crisan

7

Coincidences (Hz)

2 .

20 40 60

detuning from pump in FSR unit

G. Crisan el al., arXiv:2507.00972 '
N. Belabas
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21 GHz FSR
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Secret Key Rate

SKR > %x [loyz. - Hd. - f.”“.]
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‘ Secure key rates (SKRs) Quantum bit error rates (QBERS)
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Spatial and polarization degrees of
freedom:

Using decoherence
for quantum communications

Pol H Pol H
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TELECOM

Decoherence:

Loss of qguantum superposition — Bloch sphere shrinking

Assumed detrimental to guantum information
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Coupling different degrees of freedom:

Birefringence:
Naturally couples spatial
distribution and
polarization

-1 0 1 Position
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Tunable birefringence

Pol H

Pol V

L.J. Salazar-Serrano et al., Rev. Sci. Instrum. 86, 033109 (2015)
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A. Valencia

¢
D.F. Urrego

Pol H Pol H

No dephasing. Full dephasing

Pol V Pol V

D. F. Urrego, J.R.A., et al., Opt. Expr. 26 (9), 11940 (2018)
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One-time pad encryption

Ciphertext created by
hashing with key, key also
used to decode (with
XOR)

Ability to detect Eve’s
presence.

Physical security: provided
by no-cloning theorem.

Goal: Reduce the
amount of information
Eve can obtain.

Universidad de
los Andes

Calombia

TELECOM

Paris

1|

INSTITUT
POLYTECHNIQUE

" DE PARIS
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Preparation

stage

Alice

4,

Controllable
decoherence

Controllable
1 decoherence

M easurement Detector

Bob

D.R. Sabogal, D.F. Urrego, J.R.A. et al., Sci. Rep. 15, 31258 (2025)
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Pol H Pol H - Y0=O - Vo=1/4 - V0=1/2 - V0=3/4 - V0=1

0.6:'

3, 0.5l

2 0.4

Pol V Pol V ©

= 0.3

Yo=1 vo="0 € 0.0

< 0-2}

No decoh. Full decoherence g 0.1
] ] ] 0.0 . ’ —

Reduced Renyi information 0

QBERpA (%) D.F. Urrego

with higher decoherence

|

QBER,, =S$>/2=P, , QBERp,= Z(3 - 7)82.

D.R. Sabogal, D.F. Urrego, J.R.A. et al., Sci. Rep. 15, 31258 (2025)
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Estimated secret key rate

(only contrasting decoherence-assisted with standard BB84)

SKR < g (1 — H, (QBERHV) - H, (QBERDA) >»

QOBER, /(L) = Qy + (L
QBER (L) = 1/2% (3 — y3) * Qy + {L

~ — Yo=1, no decoherence

n = lo—aL/lO

SKR (bits/pulse)
o
o
S

10-4; — Vo=3/4, partial decoherence
4= Yo=0, full decoherence a=0.2 dB/kIIl,
e L Q() — 003,
oo ¢ =0.001 km™!

Small distance trade off compared with high Renyi information loss

D.R. Sabogal, D.F. Urrego, J.R.A. et al., Sci. Rep. 15, 31258 (2025)
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D.R. Sabogal

QBER = 7.38 % with keys of 1000 bits.
D.R. Sabogal, D.F. Urrego, J.R.A. et al., Sci. Rep. 15, 31258 (2025)
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QKD with heralded single photons with decoherence

Decoherence assisted method using Tunable Beam Displacers:

2
QBER (d,,d,) = % { 1 —exp [— ) ] cos[2gy(d, — db)]} .
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D.R. Sabogal, D.F. Urrego, J.R.A. et al., Sci. Rep. 15, 31258 (2025)
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Continuous variable
degrees of freedom:

Generating random numbers
from phase noise

@99 N T A
SEeTr K N (0 L B
pol ¢ " ° ( ) // ' A\
4 | '
0
rl '
K X 2
— 1 —
0 T 1 0
I
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S. Sarmiento

J.R.A. et al. Opt. Ex. 28 (4), 5538 (2020)

J.M. Gené
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S. Sarmiento

a) [ and b) phase space ¢) phase walk

J.R.A. et al. Opt. Ex. 28 (4), 5538 (2020) ' l f ,M
Il mMm
[ I i

3
| ;l W
0 'H!M'HH ,,,rlul > 0 2 WW
|| ’Hl ‘H | ;
ula 'uL'l ’ 1 S
! tune (ns) ! (I) l ' tuiﬁxe(s) o
d) S/N histogram (I) e) phase kicks
Phase space from field quadratures £
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Phase ;
J.M. Gené
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1
2relo(t/7)

P(£()=0)=

exp Fti cos(B)‘ .

samplingr——
rate

S. Sarmiento
Phase space Random walk

J.R.A. et al. Opt. Ex. 28 (4), 5538 (2020) 7.81MSa/s
Fast (~5Mbit/s) and off the shelf

500kSa/s

156kSa/s

J.M. Gené
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Research plan from 2025 onwards

@ Developing frequency entanglement-based quantum networks

ﬁ
& | b

J. Viatteau N. Belabas N. Fabre

s Si0;
e 5
\gg__m——_—(’ ;

-
10 nm

Adv. Photonics 6 (3), 036003 (2024)

Multi-dimensional

frequency entangled

Already at Telecom wavelengths

Compatible with off-the-shelf telecom equipment
Novel encodings: Time-frequency GKP states

Usage of existing
fiber infrastructure
between Télécom
Paris and C2N

1.04

0.4

0.2 I I

0.0 - A,._-‘,‘,.ll Il.‘-,“.. -~
10 15 20 25 30

Bin number
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@ Contribute to the already existing continuous variable platforms

Certification of squeezing and full
tomography of the generated states

Electrically driven source of
squeezed light without nonlinear
media

<104

Quiet pump sequence
A N N N N N N N N

0 b AT
4An  24An 0 24n AAr
n-<n>

Phys. Rev. Research 6,L032021 (2024)

¥ F. Battiston

Contribute to the development of
the current CVQKD infrastructure

,' R. Alleaume ms Srivastava
=
RM'SC”""V"” .

N. Fabre

_f?; C. Ware T. Sharma
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Research plan from 2025 onwards

@ Developing a free-space quantum communications platform

» Hot atomic sources: | -
Naturally free space - bichromatic transitions

Spatial distribution of light
(with SLM)

.... e Potential to use quantum memories.

M. Schiavon
g w Cg!g%%rsf?‘eﬁgn . Physical deployment

E. DeVeyra Qunnect e Satellite communications
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anrafael.alvarez@telecom-paris.fr

Thankyou' u

Quantum light for quantum information technologies:

Time-bin encoding:
Feedback, long coherence times

Frequency-bin encoding:
Multi-dimensionality, robustness,
off-the-shelf devices

CW Laser hoton pair Source )

w,, 1540 nm A
£ —
===

Joint Spectral Intensuy

1063

w

/ Spatial mode + polarization \
Controllable dephasmg channel
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/ Continuous variables
Random number generation,

compatibility with telecom

Coincidences (Hz)
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