GLOphotonics

he Hollow-Core PCF & Photonic MicroCell™ company

)

The Next Generation
Quantum Sensing Platform

Devang Naik, Lead scientist, BTU QuTech
EPIC, October 12 (Munich, Germany)

GLOphotonics



Quantum Resources allow unheard of levels of sensitivities!!!
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need to be isolated from all sources of environmental noise:

- high vacuum systems: < 10~ millibar
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Quantum Resources are remarkably Fragile !!!
need for high atom-light interactions to create and control quantum resources

» ultra-cold temperatures - reduces effect of thermal motion
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By confining light + atoms on length scales over kms, we can arrive at
Orders of Magnitude Larger Atom-Light Interactions in a compact,
simple platform with good vacuum

~ -volume reduced from m3 to 100s um3 Il




Minituarizing Quantum Technologies in Free Space

Atom-Light  Coupling to Spectral

’ . B C
Interaction Environment Range Vacuum (mBarr) - Compactness

Standard Free Space Limited by Light 1073 visible 1010 3
Technology Dispersion
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Thickness : 2um-100nm

Hollow-core (5-150 pm)
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Uber merkwiirdige diskrete Eigenwerte

ng

J.von Neumann and E. P. Wigner

Inhibited

e
e Sy
e .

Coupli

Physikalische Zeitschrift 30, 465-467 (1929)

. J.von Neumann E.P. Wigner

Bounds States in
the Continuum

—m

GLOphd

a6 sSaee The | cllow-Zore PCF & Photerlc I creCell™ comaany

ding HCPCF




B —u T, s

kwiirdige diskrete Eigenwerte

ng Wavelengt

Inhibited Coupli

on Neumann and E. P. Wigner

cladding core
| [ -

doped glass (nyg)

kalische Zeitschrift 30, 465-467 (1929)

Bounds States in
&'® the Continuum

PO0®

Modal
Structure

GLOphd

a6 sSaee The | cllow-Zore PCF & Photerlc I creCell™ comaany




_——— e e kwiirdige diskrete Eigenwerte
Bound States in the Continuum Wavelength IS
e T : cladding core

5 doped glass (Ngg) talische Zeitschrift 30, 465-467 (1929)

glass(ng).____i.____ _______
m~, 2 . ) in
l//clad(r 9 Z) — l
/ d(r 9) el¢clad(r 0) elﬂz
o claddmg core

GLO p h C e e Inhib |ted -cou pl ing gu iding H C PCF



E o [ s dive disk E; :
S in the COn Tiﬂuum Wavelengt kwiirdige diskrete Eigenwerte
B S on Neumann and E. P. Wigner

fffffffff — cladding core

Bound State

T

, A
AT
SIEM

Chew 4
3 s ' .
opts et g Bl e
A
e
.

5 doped glass (Ngg) talische Zeitschrift 30, 465-467 (1929)

glass(ng).___-f.____ _______

core

/ Tt
o~ e Ty 0&. -
E:':' B ' -t ! _,..-.J"J':' ’;. s —_
G L O I I QT s, L U 52
p L AR D B Ly e
R JRRC v Gy L 3 ' v
— B e S N
- e = P————— : | . . .
e | cllow-Zore PCF & Photerlc I creCell™ comzany I n h I b Ite d 'CO u pl I ng g u Id I ng I I c P( :F



B d S‘l‘ T 1-h C +i /\;\‘}:vele;gltl:\. kwiirdige diskrete Eigenwerte
oun ‘ es |n © on 'nuum on Neumann and E. P. Wigner

claddmg core

..itiﬁ?‘-‘”
* . A ARY N
. \4|'a'
Aewle & 5

kalische Zeitschrift 30, 465-467 (1929)

e, doped glass (ndg)
g[ass (ng)o—-"i'__-- -------

£ (r ,. Nify  r—
cladd/ng core core

Phase

GLO phC """ A Inhlblted-couplmg guiding HCPCF

Qa6 sSaw e o Photorlc M © IMcemazany



B —u T, |

kwiirdige diskrete Eigenwerte

on Neumann and E. P. Wigner

cladding

Bound Sta'l'es m 'l'he Continuum W“"‘:Te"g*“

dooed alass (n...) kalische Zeitschrift 30, 465-467 (1929)

Phase Discontinuity leads to Zero Overlap between

Cor'e and Cladding in

. lI/core(r 9 Z) — l

core(r 0) e Peore(1,0) pifz

Wclad(ra Ha Z) —
Fclad(ra 0) e Petad0) gifz

claddmg core

{ <Wcore Anz | Wclad> — O

P

P Pt Lol i L) ) ' B 4 52 -+
; B P g ‘ o — —
) T .\'Zr}\:L'L'a-:- ’ ."';"‘l‘} . o Us\V 9 . - - ‘
A..' . :'.".'.-".'I"" :( k D B ACOSREA
° o ° e °
..... ® The | cllow-Zore PCF & Photerlc I creCell™ comaany I n I lte -CO u p I n g g u I d I n g H C P C F



Bound States in the Continuum Wavelength

o o | cladding core

A A . . N - -
o ».' , - I

. doped glass (n,)

glass(ng).___-f.____ _______

Wcore(r9 99 Z) — |
Feop (1, 0) e/ Peorelr0) @iz ——

core

Anz | Wclad> — 0

Atom-Light  Coupling to Spectral

i < Weore

Vacuum (mBarr) Compactness

Interaction Environment Range
Standard Free Space Limited by Light 1073 Jisible 1010 -
Technology Dispersion
Photonic Bandgap Only Limited by 102 ban d:r? d':-:l—' cszove 10~° ,um3
Fiber fiber length 800 nm
G LOphC : GLO Only limited by 1()—6 extreme UV to 10—9 //im3

fiber length IR



Bound States in the Continuum Wavelength

-kﬁb}
s ZASNERCN
Chenlie ST :
VO ™ '.‘,%.:.:.‘ ’
3 .A 2 s
S -

cladding core

. doped glass (ngy)
| glass (Ng) ¢ = — =t — - e

Wcore(r’ 99 Z) — |
Feop (1, 0) e/ Peorelr0) @iz ——

core

< Weore

An? | Wclad> — ()

Atom-Light  Coupling to Spectral

Va€uum (mBarr) Compactne

Interaction Environment Range
Standard Free Space Limited by Light 1073 Jisible
Technology Dispersion
Photonic Bandgap Only Limited by 10—2 ban d:r? d::‘—' Zbo
Fiber fiber length 800 nm
G Lophc ' 6LO Only limited by 10—6 extreme UV to
PEEEr ipensten fiber length IR



Bound Stireshe Co Large Spectral Domain !!!
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Crucial for Quantum Technologies involving
Exotic Atoms or NV Centers
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Large Spectral Domain !!!
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Transmission in UV
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solutions in Deep-UV

- UV-based tumor surgery
- Thorium Atomic Clocks




— Large Decoupling of Light to

Bound States in the Col
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10~° wavefunction overlap between core
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Decouples Atom-Light interactions from
environmental noise
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Inhibited Coupling Up to Million Fold improvement in
L — Atom-Light Coupling !l

Alternative to Cavity Enhancement for
Quantum Sensing
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Quantum Enhanced Detection for Aqueous Solutions!!

Liquid in core shifts Transmission Profile

Transmission T [a.u.]
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High Light-Molecule Interaction

in Liquid State:

* Urine Analysis
- Blood Analysis
- AqQueous Quantum Sensing
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Paving the way for Atom-Photonics

Warm, Cold, and Ultra-Cold Alkali Atom PMC

6 mm - »
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Paving the way for Atom-Photonics

Warm, Cold, and Ultra-Cold Alkali Atom PMC

- a dense MOT of 8Rb atoms near the entrance of a ho
- 10° atoms/s at 10 microKelvin temperature
- (planned) hermetic sealing inside vacuum
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Paving the way for Atom-Photonics

Warm, Cold, and Ultra-Cold Alkali Atom PMC

- a dense MOT of 8Rb atoms near the entrance of a ho
- 10° atoms/s at 10 microKelvin temperature
- (planned) hermetic sealing inside vacuum

— 6 mm - >

' MOT

Quantum Memories (10 us - 15*’:: | 0
ms) + Transmission in One I i

RS W o
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Paving the way for Atom-Photonics
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Paving the way for Atom-Photonics
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All-Fibered 780 nm - 1560 nm Em'angled
Photon Source :
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Paving the way for Cold-Atom Photonic Microcells

IC-HCPCF
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Paving the way for Cold-Atom Photonic Microcells
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/ Cooling Inside the Fiber

M
Cooling in Fiber to 1 yK allows 20 ms of free evolution for

quantum sensing

a CRYST® European Union’s Horizon 2020
G LO phOton I CS Research and Innovation programme under Grant
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The Photonic Microcell:

Normalized transmission

A proven enai
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The Photonic Microcell: A proven enabJer for scieg€e dihg
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O ®® 0@ The company Mer'Ci BeaCOUP

Q A French start-up based in Limoges. Incubation in Bath (2008).
Transfer to and re-incubation in Limoges (July 2011). Trading
activities in 2013

m ~20 employees. 80% in R&D, 12 PhD+
I 150 m? clean room (I1SO-07)
2 drawing fiber towers
l@‘suatetic partenership with XLIM / GPPMM

@ Development & supply of photonic components, modules and/or
systems based on a proprietary Technology™.
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A Novel Quantum Sensing Architecture

atomsFprobelight — Novel Quantum Sensing Architecture spanning
| decades of spatial scale:

1) integrated optics,

2) integrated microwave delivery system,

3) integrated detection

Bias Magnetic T
Field .
“ RF Shield

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, 20%%

| 1€ | cllow-Zore PCF & Photerlc M creCell™ comazany
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https://patents.justia.com/patent/20220244452
https://patents.justia.com/patent/8306379
https://patents.justia.com/patent/8079763

Our approach: use Quantum Sensors to measure the
imperceptibly small magnetic response of biological tissues
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Recent advances are revealing the bio-magnetic nature of
the human body



Magnetic Flux Density
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However the signals are very weak
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9 order of magnitude
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® Blood e Gray Matter
Muscle @ Nerves

® Lung o Cerebrospinal Fluid
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Measuring Conductivity allows Mapping.
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Dielectric Properties can revel abnorma
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Dielectric Properties can revel
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A Single Imaging Modality for Cancer




State of the Art
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