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High finesse cavity

time (ms)

Finesse = 3000 at 1560 nm

need for high atom-light interactions to create and control quantum resources 
• ultra-cold temperatures - reduces effect of thermal motion 
• cavity Enhancement 
•multi-pass geometries

Quantum Resources are remarkably Fragile !!!

need to be isolated from all sources of environmental noise: 

• high vacuum systems: <  millibar 
• isolate from acoustic noise  
• temperature and humidity control environments

10−9
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Orders of Magnitude Larger Atom-Light Interactions in a compact, 
simple platform with good vacuum

- volume reduced from m3 to 100s um3 !!!
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Le#dispositif#ICE#actuel#et#son#��
���
�
�	�����������������3g#et#sur#le#simulateur#ZERO3G.#Le#
dispositif#du#piège#dipolaire#est#présenté#sur#la#figure#en#haut#au#centre.#

�)�#�����������������!������� ������ �� ����������������)��!�"������������������"� �'����! ������ �
un#interféromètre#double#espèce#Potassium#*#�!����!�(�����������!��� �� ���!��!��)�!����� ��!�
niveau#de#10814#pour#le#paramètre#de#Eötvös,#mais#seulement#1088#à#�)��������� ����!�'����� �� ��
publiés#dernièrement#étant#plutôt#au#niveau#de#108681087.#

3.1. RESULTATS OBTENUS :$
�)�#��������� �� � �!��!��)�!�� ��� ��������� 	� ��!"���� �����"��� ���� ������� ����� �� ��� ��!#�
�� �������� ���� �)� ���s# �������� �� �� � � ��� +�)�! ���� �#���iences# utilisent# des# isotopes#
différents# et# les# résultats# allemands# récents# avec# les#mêmes# atomes# ne# démontrent# pas# de#
corrélations).#�)�#������������ �����
!����!���!���� ���������! ����"��!#����"���� ������ ����
fluctuations# de# température.# Le# système# laser# repose# principalement# sur# les# composants#
 ��������������'��� !�������� ��������������!#�"���� ������ ��)!�������������!� �������
����!#�
normes#de#qualifications#TELCORDIA.# La# lumière# à# 1560#nm# (ou#1534#nm#pour# le# potassium)#
issue#de#ce#laser#télécom#est#ensuite#doublée#en#fréquence#pour#obtenir#de#la#lumière#à#780#nm#
(respectivement# 767# nm)# correspondant# à# la# transition# atomique.# La# fréquence# du# laser# est#
asservie#très#précisément#sur#la#transition#atomique#grâce#à#des#modules#de#spectroscopie#par#
absorp ���� �� !���'� �����  �� ���� �)�����"��� �!�� ����  ����� ����� � ����!����!� �!����!��� ��!�
potassium.$���������������!#����!�����)�� �������� ����� ����!���!������������ �� ��!������
����� ��� ���������������!����� �� ��!�����������)��!�"������(�������!#�����!�!����)�������!�
Rubidium# et# du# Potassium# sont# suffisamment# proches# pour# utiliser# les# mêmes# composants#
optiques# mais# suffisamment# éloignés# pour# combiner# les# deux# lasers# avec# des# composants#
dichroïques.#Cela#permet#un#recouvrement#spatial#des#faisceaux#de#pié������� ��)�� ������ ����
des#atomes.##

Grâce#à#des#techniques#de#mélasse#grise#et#de#préparation#des#états#avec#un#faisceau#laser#sur#
la# transition# D1,# nous# avons# amélioré# de# manière# significative# nos# résultats# en# sortie# de#
�)�� �������� ��#de#Potassium,#puisque#nous#avons#a#gagné#un#facteur#~3#sur#le#contraste#et#le#
rapport#signal#à#bruit#des#franges.##

 

Atom-Light 
Interaction

Coupling to 
Environment

Spectral 
Range Vacuum (mBarr) Compactness

Standard Free Space 
Technology

Limited by Light 
Dispersion

visible10−3 10−10 m3

Minituarizing Quantum Technologies in Free Space



The Hollow Core Family

Hollow-core	(5-150	µm)

Microstructured	
Cladding	(Air/Silica)Thickness	:	2µm-100nm
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Photonic	bandgap	guiding	HCPCF

P. Russell (Université de Bath, 
UK)

Photonic Bandgap Fiber
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Wavelength Create gaps in cladding at 
very particular wavelengths



Inhibited-coupling	guiding	HCPCF

Inhibited Coupling

Bounds States in 
the Continuum



Inhibited-coupling	guiding	HCPCF

Inhibited Coupling

co
nt
in
uu

m

	doped	glass	(ndg)

Air	(nair)

Modal	
Structure

cladding core

glass	(ng)

𝒏𝒆𝒇𝒇

Wavelength

Bounds States in 
the Continuum



Bounds States in 
the Continuum

Inhibited-coupling	guiding	HCPCF
co
nt
in
uu

m

	doped	glass	(ndg)

Air	(nair)

Modal	
Structure

cladding core

glass	(ng)

𝒏𝒆𝒇𝒇

Wavelength

⟨𝜓𝑐𝑜𝑟𝑒 Δ𝑛2 𝜓𝑐𝑙𝑎𝑑⟩ → 0

∑
𝑝

⟨𝐹𝑐𝑙𝑎𝑑(𝑟) 𝑎𝑝(𝑟) 𝐹𝑐𝑜𝑟𝑒(𝑟)⟩⟨𝑒𝑖𝑚𝑐𝑙𝑎𝑑𝜃 𝑒𝑖𝑝𝜃 𝑒𝑖𝑚𝑐𝑜𝑟𝑒 𝜃⟩ → 0

	

	

𝜓𝑐𝑜𝑟𝑒(𝑟, 𝜃, 𝑧) =
𝐹𝑐𝑜𝑟𝑒(𝑟, 𝜃) 𝑒𝑖𝜙𝑐𝑜𝑟𝑒(𝑟,𝜃) 𝑒𝑖𝛽𝑧

corecladding

	

	

𝜓𝑐𝑙𝑎𝑑(𝑟, 𝜃, 𝑧) =
𝐹𝑐𝑙𝑎𝑑(𝑟, 𝜃) 𝑒𝑖𝜙𝑐𝑙𝑎𝑑(𝑟,𝜃) 𝑒𝑖𝛽𝑧

Bound States in the Continuum



Bounds States in 
the Continuum

Inhibited-coupling	guiding	HCPCF
co
nt
in
uu

m

	doped	glass	(ndg)

Air	(nair)

Modal	
Structure

cladding core

glass	(ng)

𝒏𝒆𝒇𝒇

Wavelength

⟨𝜓𝑐𝑜𝑟𝑒 Δ𝑛2 𝜓𝑐𝑙𝑎𝑑⟩ → 0

∑
𝑝

⟨𝐹𝑐𝑙𝑎𝑑(𝑟) 𝑎𝑝(𝑟) 𝐹𝑐𝑜𝑟𝑒(𝑟)⟩⟨𝑒𝑖𝑚𝑐𝑙𝑎𝑑𝜃 𝑒𝑖𝑝𝜃 𝑒𝑖𝑚𝑐𝑜𝑟𝑒 𝜃⟩ → 0

	

	

𝜓𝑐𝑜𝑟𝑒(𝑟, 𝜃, 𝑧) =
𝐹𝑐𝑜𝑟𝑒(𝑟, 𝜃) 𝑒𝑖𝜙𝑐𝑜𝑟𝑒(𝑟,𝜃) 𝑒𝑖𝛽𝑧

corecladding

	

	

𝜓𝑐𝑙𝑎𝑑(𝑟, 𝜃, 𝑧) =
𝐹𝑐𝑙𝑎𝑑(𝑟, 𝜃) 𝑒𝑖𝜙𝑐𝑙𝑎𝑑(𝑟,𝜃) 𝑒𝑖𝛽𝑧

Bound States in the Continuum

Amplitude



Bounds States in 
the Continuum

Inhibited-coupling	guiding	HCPCF
co
nt
in
uu

m

	doped	glass	(ndg)

Air	(nair)

Modal	
Structure

cladding core

glass	(ng)

𝒏𝒆𝒇𝒇

Wavelength

⟨𝜓𝑐𝑜𝑟𝑒 Δ𝑛2 𝜓𝑐𝑙𝑎𝑑⟩ → 0

∑
𝑝

⟨𝐹𝑐𝑙𝑎𝑑(𝑟) 𝑎𝑝(𝑟) 𝐹𝑐𝑜𝑟𝑒(𝑟)⟩⟨𝑒𝑖𝑚𝑐𝑙𝑎𝑑𝜃 𝑒𝑖𝑝𝜃 𝑒𝑖𝑚𝑐𝑜𝑟𝑒 𝜃⟩ → 0

	

	

𝜓𝑐𝑜𝑟𝑒(𝑟, 𝜃, 𝑧) =
𝐹𝑐𝑜𝑟𝑒(𝑟, 𝜃) 𝑒𝑖𝜙𝑐𝑜𝑟𝑒(𝑟,𝜃) 𝑒𝑖𝛽𝑧

corecladding

	

	

𝜓𝑐𝑙𝑎𝑑(𝑟, 𝜃, 𝑧) =
𝐹𝑐𝑙𝑎𝑑(𝑟, 𝜃) 𝑒𝑖𝜙𝑐𝑙𝑎𝑑(𝑟,𝜃) 𝑒𝑖𝛽𝑧

Bound States in the Continuum

Phase



Bounds States in 
the Continuum

Inhibited-coupling	guiding	HCPCF
co
nt
in
uu

m

	doped	glass	(ndg)

Air	(nair)

Modal	
Structure

cladding core

glass	(ng)

𝒏𝒆𝒇𝒇

Wavelength

⟨𝜓𝑐𝑜𝑟𝑒 Δ𝑛2 𝜓𝑐𝑙𝑎𝑑⟩ → 0

∑
𝑝

⟨𝐹𝑐𝑙𝑎𝑑(𝑟) 𝑎𝑝(𝑟) 𝐹𝑐𝑜𝑟𝑒(𝑟)⟩⟨𝑒𝑖𝑚𝑐𝑙𝑎𝑑𝜃 𝑒𝑖𝑝𝜃 𝑒𝑖𝑚𝑐𝑜𝑟𝑒 𝜃⟩ → 0

	

	

𝜓𝑐𝑜𝑟𝑒(𝑟, 𝜃, 𝑧) =
𝐹𝑐𝑜𝑟𝑒(𝑟, 𝜃) 𝑒𝑖𝜙𝑐𝑜𝑟𝑒(𝑟,𝜃) 𝑒𝑖𝛽𝑧

corecladding

	

	

𝜓𝑐𝑙𝑎𝑑(𝑟, 𝜃, 𝑧) =
𝐹𝑐𝑙𝑎𝑑(𝑟, 𝜃) 𝑒𝑖𝜙𝑐𝑙𝑎𝑑(𝑟,𝜃) 𝑒𝑖𝛽𝑧

Bound States in the Continuum

Phase Discontinuity leads to Zero Overlap between 
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Large Spectral Domain !!!

Crucial for Quantum Technologies involving 
Exotic Atoms or NV Centers
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Large Spectral Domain !!!

Much larger Domain with respect to 
Photonic Bandgap or Free Space
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Large Spectral Domain !!!

Potential for Extreme UV transmission: 
advantage of vacuum in fiber core 
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Transmission in UV

The Only Company in World offering 
solutions in Deep-UV

- UV-based tumor surgery 
- Thorium Atomic Clocks



Inhibited-coupling	guiding	HCPCF
co
nt
in
uu

m

𝒏𝒆𝒇𝒇

	doped	glass	(ndg)

Air	(nair)

index Modal	
Structure

cladding core

glass	(ng)

Bound States in the ContinuumLarge Decoupling of Light to 
Surrounding !!!

Decouples Atom-Light interactions from 
environmental noise

 wavefunction overlap between core 
and cladding/environment 

10−6

Atom-Light 
Interaction

Coupling to 
Environment

Spectral 
Range Vacuum (mBarr) Compactness

Standard Free Space 
Technology

Limited by Light 
Dispersion

visible

Photonic Bandgap 
Fiber

Only Limited by 
fiber length

70 THz 
bandwidth above 

800 nm

GLO Only limited by 
fiber length

extreme UV to 
IR

10−3

10−2

10−6

10−10

10−9

10−9

m3

μm3

μm3



Inhibited-coupling	guiding	HCPCF

Inhibited Coupling

co
nt
in
uu

m

𝒏𝒆𝒇𝒇

	doped	glass	(ndg)

Air	(nair)

index Modal	
Structure

cladding core

glass	(ng)

Atom-Light 
Interaction

Coupling to 
Environment

Spectral 
Range Vacuum (mBarr) Compactness

Standard Free Space 
Technology

Limited by Light 
Dispersion

visible

Photonic Bandgap 
Fiber

Only Limited by 
fiber length

70 THz 
bandwidth above 

800 nm

GLO Only limited by 
fiber length

extreme UV to 
IR

10−3

10−2

10−6

10−10

10−9

10−9

m3

μm3

μm3

Up to Million Fold improvement in 
Atom-Light Coupling !!!

Alternative to Cavity Enhancement for 
Quantum SensingHigh finesse cavity

time (ms)

Finesse = 3000 at 1560 nm
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Up to Million Fold improvement in 
Atom-Light Coupling !!!

Alternative to Cavity Enhancement for 
Quantum SensingHigh finesse cavity

time (ms)

Finesse = 3000 at 1560 nm

Quantum Enhanced Detection for Aqueous Solutions!!!

High Light-Molecule Interaction 
in Liquid State: 
•Urine Analysis 
• Blood Analysis 
•Aqueous Quantum Sensing

Liquid in core shifts Transmission Profile

Space Tech

In Collaboration with:



Paving the way for Atom-Photonics

Warm, Cold, and Ultra-Cold Alkali Atom PMC



- a dense MOT of 87Rb atoms near the entrance of a hollow-core fiber 
- 109 atoms/s at 10 microKelvin temperature 
- (planned) hermetic sealing inside vacuum

Warm, Cold, and Ultra-Cold Alkali Atom PMC
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Quantum Memories (10 s - 1 
ms) + Transmission in One 
Platform
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- a dense MOT of 87Rb atoms near the entrance of a hollow-core fiber 
- 109 atoms/s at 10 microKelvin temperature 
- (planned) hermetic sealing inside vacuum

Warm, Cold, and Ultra-Cold Alkali Atom PMC

Paving the way for Atom-Photonics

1) Quantum Memories (10 s - 
1 ms) + Transmission in One 
Platform 

2) High Spatial Resolution 
Magnetometry 

3) Entangled Photon Sources
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High Spatial Resolution Magnetometry



- a dense MOT of 87Rb atoms near the entrance of a hollow-core fiber 
- 109 atoms/s at 10 microKelvin temperature 
- (planned) hermetic sealing inside vacuum

Warm, Cold, and Ultra-Cold Alkali Atom PMC

Paving the way for Atom-Photonics

1) Quantum Memories (10 s - 
1 ms) + Transmission in One 
Platform 

2) High Spatial Resolution 
Magnetometry 

3) Entangled Photon Sources

μ

All-Fibered 780 nm - 1560 nm Entangled 
Photon Source



Paving the way for Cold-Atom Photonic Microcells



Paving the way for Cold-Atom Photonic Microcells

1) Phys. Rev. Research 2 , 013212 (2020)         2) Nature, Sci Rep 8, 1301 (2018)        3) Phys. Rev. Research 4, L022058 – 13 June 2022
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Cooling Inside the Fiber 
Cooling in Fiber to 1 K allows 20 ms of free evolution for 

quantum sensing
μ



The Photonic Microcell: A proven enabler for science and technology

I2 & C2H2 PMC
FREQUENCY REFERENCES:

Unique Features
• Room temperature operation 
• Fiber connection 
• Outstanding contrast 
• Ideal for astronomy applications



The Photonic Microcell: A proven enabler for science and technology

I2 & C2H2 PMC
FREQUENCY REFERENCES:

Unique Features
• Room temperature operation 
• Fiber connection 
• Outstanding contrast 
• Ideal for astronomy applications

Happy Customers
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Dual-Use Technology: quantum driven Medical Imaging
Our approach: use Quantum Sensors to measure the imperceptibly 

small magnetic response of biological tissues: 
Deep Brain Imaging, Early Tumor Detection
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small magnetic response of biological tissues: 
Deep Brain Imaging, Early Tumor Detection

Merci Beacoup
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A Novel Quantum Sensing Architecture
Novel Quantum Sensing Architecture spanning 
decades of spatial scale:  
1) integrated optics,  
2) integrated microwave delivery system,  
3) integrated detection

1.	F.	Benabid,	L.	Vincetti,	F.	Giovanardi,	“ELECTROMAGNETIC	WAVEGUIDE,”	Patent	20220244452,	July	30,	2020.	
2.	F.	Benabid,	“Hollow-core	photonic	crystal	fibre,”	Patent	8306379,	Nov.	6,	2012.	
3.	F.	Benabid,	“Optical	assembly	of	a	hollow	core	fibre	gas	cell	spliced	to	fibre	ends	and	methods	of	its	production,”	Patent	8079763,	Dec.	20,	2011.

https://patents.justia.com/patent/20220244452
https://patents.justia.com/patent/8306379
https://patents.justia.com/patent/8079763


Forum	des	adhérents	2022,	ALPHA-RLH	
16	June	2022

Recent advances are revealing the bio-magnetic nature of 
the human body

Our approach: use Quantum Sensors to measure the 
imperceptibly small magnetic response of biological tissues



However the signals are very weak …



9 order of magnitude reduction in noise!!!!!
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Comparison of Spatial and Temporal Resolution with State-of-the-Art

Going Beyond Standard 
Non-Invasive Imaging 

Our Quantum Sensors can probe vital 
Dielectric Properties of biological 
tissues: opening the door to a 
revolutionary new non-invasive, 
tissue-specific, structural imaging!!!

Navigating the Body with Magnetic Fields



Comparison of Spatial and Temporal Resolution with State-of-the-Art
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Measuring Conductivity allows Mapping Tissues across the Human body !!!



Comparison of Spatial and Temporal Resolution with State-of-the-Art
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Our Method can penetrate skeleton 
and skull !!!



Comparison of Spatial and Temporal Resolution with State-of-the-Art

Normal 
Tissue

Tumor 
‘Stem Cell’

Iron displays high conductivity at 
high frequencies, allowing our 
method to detect the development 
of all types of tumors

Dielectric Properties can revel abnormal Tissue properties !!!



Comparison of Spatial and Temporal Resolution with State-of-the-Art

A Single Imaging Modality for Cancer that is Non-Invasive !!! 
our conductivity resolution 
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Dielectric Properties can revel abnormal Tissue properties !!!
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State of the Art

1) High Sensitivity 

2) Ambient -Temperature Operation 

3) full Vector-Magnetometry 
Capabilities 

4) large Dynamic Range 

5) Absolute B field abilities (no 
calibration errors) 

6) small, compact footprint (mm 
spatial resolution)


