en and Th

trént of Af

£

Ljawaet

ers\Day 2022
ge e ¢

G :

TR

ESCIENCE
ed Physics

B FACUL

(o

e ’ 0

Vg

-~




A Tale of Two Qubits

Flying Qubit

JOop
JO
ﬂv

* Good at propagating

— Photons

Stationary Qubit

Jo
JO
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* Good at performing operations

— No Comment



Limited by Distance

1 kilometre

100 kilometres

1000 kilometres



The Quantum Repeater
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The Quantum Repeater

Storage efficiency

Storage fidelity

Storage time —to reach the next node at longer distances

Multimode capacity — to achieve high data rates in quantum communication network



The Lambda System
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Y, Si0c¢ - Magnetic Field

|
" o b *w@
3 & ¥ (EE

FACULTY OF SqlENCE .
Group‘ozliAppIie:d Physics: %
? \

1
ey
LR 2
1
n




Eu3*:Y,SiO: - Magnetic Field

* Crystal is sandwich by two permanent
magnets to provide a magnetic field of
~250mT

e Customed crystal mount thermally and
vibrationally isolated from other
components

Control

Preparation

(Cryostat ~ 4k

Custom crystal mount
RF coils

Permanent magnets
(NdFeB)

Vibration isolation
copper cushion



Eu3*:Y,SiO: - Magnetic Field
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Yb3*:Y,SiOc - Spin-Wave Storage

Remote distribution of non-classical correlations over 1250 modes between a telecom
photon and a '"'Yb**:Y,SiO; crystal
M. Businger.! L. Nicolas.! T. Sanchez Mejia,! A. Ferrier.®3 P. Goldner,? and Mikael Afzelius®:*
L Départment de Physique Appliquée, Université de Genéve, 1205 Genéve, Switzerland

2 Chimie ParisTech, PSL Unwersity, CNRS, Institut de Recherche de Chimie Paris, 75005 Paris, France
3 Faculté des Sciences et Ingénierie, Sorbonne Université, UFR 933, 75005 Paris, France

Our number of modes is great, but we don’t store them for nearly long enough!!!
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Yb3*:Y,SiOc - Spin-Wave Storage

4>€. T

o, 2P 15/(0) 1.79 GHz
» 1 2.62 GHz

0.15 0.06 0.08 0.71
2¢ 006 019 071 0.04
3g 007 071 016 0.06
4g 072 0.04 0.05 0.19

E//b

| [1e |2 [3e [4e |
g 054 019 003 024
29 021 057 021 001

33 001 018 066 0.15 : 771 AR Y
0.655 GHz e e 1IN E TR
49 023 006 010 0.61 : /1 . 1
2 1.842 GHz Microwave pulses can be added to
even further increase the lifetime
9 Al

0.528 GHz
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