
Fibered gas cell for Quantum Applications

Thomas Billotte

QuTech Business & Technology Unit,
GLOphotonics

EPIC 17-06-2026



2

Th
o

m
a

s 
B

ill
o

tt
e

EP
IC

 O
n

lin
e 

Te
ch

n
o

lo
g

y 
M

ee
ti

n
g

 o
n

 P
h

o
to

n
ic

s 
fo

r 
Q

u
a

n
tu

m
 T

ec
h

n
o

lo
g

ie
s

A French deep-tech company based in Limoges. Incubation in Bath
(2008). Transfer to and re-incubation in Limoges (July 2011). Trading
activities in 2013

Offering multi-sector markets high added-value products & services
that are without equal and first of their kind.

Strategic partnership with XLIM / GPPMM

~20 employees. 80% in R&D, 12 PhD+

150 m² clean room (ISO-07)

2 drawing fiber towers, unique chain of fiber postprocessing

Development & supply of photonic components, modules and/or
systems based on a proprietary Technology*.

_______________________________________________________________
* Hollow-core photonic crystal fiber (HCPCF) and Photonic MicroCell (PMC)

The Company



MULTISECTORIAL
PRODUCT MIX
GLOphotonics HCPCF and PMC technology is 

equally a platform and key-nabling technology.

A feature, reflected in GLOphotonics products, 

service and offering.
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GLOphotonics The Hollow Core PCF and PMC companyMULTISECTORIAL
PRODUCT MIX
GLOphotonics HCPCF and PMC technology is

equally a platform and key-nabling technology.

A feature, reflected in GLOphotonics products,

service and offering.
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• GLOphotonics Hollow core fiber and 
post-process capabilities

• Photonic Micro-Cell (PMC) as fibered 
gas cell

• Mechanical PMC for heralded 
photon source
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Hollow-core fiber post process capabilities

HCPCF
Hollow Core Photonic Crystal Fiber

What is it?
• HCPCF outstands by guiding light in a hollow channel 

surrounded by a microstructured cladding
• GLO is a pioneering industrial in this field by offering its 

partners varied and bespoke HCPCF

How it is made?
• HCPCF are produced using a set of special techniques 

making its preform and in its drawing process
• GLO enjoys fiber drawing infrastructure purposely design for 

HCPCF requirements

HCPCF Post-process

Glass post-processingIn-Fiber gas processing

Micro-lensing Fiber side engraving Fiber-Fiber splicing
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Hollow-core fiber post process to Photonic Micro-Cell (PMC)

Photonic Microcell (PMC) : Hollow core fiber 
functionnalized with a gas

Opto-mechanical PMC All fibered PMC

• Telecom

• Astronomy

• Instrument 
Calibration

• Environment / 
Space

• Used in most of GLOphotonics
applications

▪ Million-fold enhancement in Gas-Light interaction
▪ Unique microconfinement of gas and atom vapors 

in optical fiber
▪ Shapable footprint
▪ Platform technology
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• GLOphotonics Hollow core fiber and 
post-process capabilities

• Photonic Micro-Cell (PMC) as fibered 
gas cell

• Mechanical PMC for heralded 
photon source
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Trend in Frequency reference & quantum sensing

A good quantum sensor is set by how good its associated clock 

Resonator spectral line KPI
• High contrast
• Narrow linewidth

Fractional frequency stability of 
10-11 -10-13 is sufficient for a large 

number of applications

Global positioning Internet, IOT,…Geophysics Quantum informationSpace

Th
o

m
a

s 
B

ill
o

tt
e

EP
IC

 O
n

lin
e 

Te
ch

n
o

lo
g

y 
M

ee
ti

n
g

 o
n

 P
h

o
to

n
ic

s 
fo

r 
Q

u
a

n
tu

m
 T

ec
h

n
o

lo
g

ie
s



9

Trend in Frequency Reference: Miniaturization

Global positioning Internet, IOT,…Geophysics Quantum informationSpace

• COMPACTNESS

• Low CSWaP (Cost, Size, Weight & 
Power) 

• FREQUENCY COVERAGE

Beyond Frequency Stability: Advancing Quantum Sensor Requirements

HCPCF & PMC as key enabling 
technology for miniaturized 

atomic clock
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I2 PMC standard product

F. Riehle et al. 2018 Metrologia 55 188

BIPM molecules recommendation for frequency reference

Iodine: Wide frequency coverage in 
visible wavelength

Acetylene: Optical communications 
wavelength

Th
o

m
a

s 
B

ill
o

tt
e

EP
IC

 O
n

lin
e 

Te
ch

n
o

lo
g

y 
M

ee
ti

n
g

 o
n

 P
h

o
to

n
ic

s 
fo

r 
Q

u
a

n
tu

m
 T

ec
h

n
o

lo
g

ie
s



16

C2H2 PMC
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Doppler-free FWHM 
stable after more than 

2 years

Prealigned coupling modules option

• Measurment on P14 line of acetylene (1533.461 nm)
• Compared to a locked comb (10-12@1s)

High contrast Saturable Absorption signal

10-11 order of magnitude fractionnal frequency 
instability between 1-1000s

16

Spectroscopic and optical properties

Wavelength range 1510 to 1545 nm

Absorption contrast CD 5 % ≤ C ≤ 60 % (P17 line – 1535,39 nm)

FWHM linewidth 510(2) ± 50 MHz  (P17 line – 1535,39 nm)

Doppler-free feature 
contrast CSD=H/C0
(with Saturable Absorption 
Technique)

minimum of 10% 
(for a minimum coupled pump power of 100mW)

Off resonance Insertion 
loss (with coupling 
efficiency of 100%)

From port 1 to 2 ≤ 3.5 dB

From port 2 to 1 ≤ 5.5 dB

Physical Properties

Gas filled hollow-core fiber 
length range 

2 m ≤ L ≤ 6 m 

PMC terminations Glass End-capped at both sides mounted on FC/APC connectors

Th
o

m
a

s 
B

ill
o

tt
e

EP
IC

 O
n

lin
e 

Te
ch

n
o

lo
g

y 
M

ee
ti

n
g

 o
n

 P
h

o
to

n
ic

s 
fo

r 
Q

u
a

n
tu

m
 T

ec
h

n
o

lo
g

ie
s



17

C2H2 PMC
R branch P branch

C-BandC-BandS-Band

Spectroscopic and optical properties

Wavelength range 1510 to 1545 nm

Absorption contrast CD 5 % ≤ C ≤ 60 % (P17 line – 1535,39 nm)

FWHM linewidth 510(2) ± 50 MHz  (P17 line – 1535,39 nm)

Doppler-free feature 
contrast CSD=H/C0
(with Saturable Absorption 
Technique)

minimum of 10% 
(for a minimum coupled pump power of 100mW)

Off resonance Insertion 
loss (with coupling 
efficiency of 100%)

From port 1 to 2 ≤ 3.5 dB

From port 2 to 1 ≤ 5.5 dB

Physical Properties

Gas filled hollow-core fiber 
length range 

2 m ≤ L ≤ 6 m 

PMC terminations Glass End-capped at both sides mounted on FC/APC connectors

• FC connectorization

• Insertion loss of ~3,5dB

• Very high contrast Doppler-free signal 

• >2years lifetime

• Fractionnal Frequency Instability 10-11@1s

• Telecom wavelength coverage from 1510 
to 1545nm
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I2 PMC standard product

BIPM molecules recommendation for frequency reference

Iodine: Wide frequency 
coverage in visible 
wavelength

Acetylene: 
Optical 
communication
s wavelength
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R&D stage - Rubidium: 
Quantum sensing, Atomic 

clock



• GLOphotonics Hollow core fiber and 
post-process capabilities

• Photonic Micro-Cell (PMC) as fibered 
gas cell

• Mechanical PMC for heralded 
photon source
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χ(3)

Raman free photon generation in hollow core fiber
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Raman free photon pair 
generation

HCPCF fiber

Xe54

Xe54

0-10bar

Pump laser

Idler

Signal

λ (nm)
ωpump

λ (nm)
ωpumpωs ωi

Two main set of 
parameter to address:

Fiber & gas engineering

Pump laser properties 
optimization 

HCPCF based pulse compressor
Design HCPCF for SPM spectral broadening 
Determine the pulsewidth range vs available 

energy 
Validate CAR & brightness with pulse width

HCPCF design for optimized pair-generation
Design fiber lower loss, less HOM
Gas pressure for phase matching
Validate CAR & brightness with new fiber

𝜂𝑒𝑥𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛 ∝
1

𝜏𝑝

𝜔𝑠𝜔𝑖

∆𝛽
𝜂𝑔𝑒𝑛 × 𝐸𝑝

2

𝜂𝑔𝑒𝑛 ∝
𝐿2

𝑅4
𝑝𝑔𝑎𝑠

2 𝐸𝑝
2𝜔𝑝

2 ඵ 𝑑𝜔𝑠𝑑𝜔𝑖𝐹 𝜔𝑠, 𝜔𝑖

4 wave mixing configuration (SFWM)

Pump
Idler

Signal

HCF filled with XeHighly NonLinear Fiber

Raman pollution

Hollow core fiber filled 
with noble gas:

- Multiple transmission 
band spectrum

- Raman free
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Hollow core fiber engineering

Based on fiber dispersion and gas pressure, 
one can engineer Joint Spectral Amplitude

Separable photons

Entangled photons
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HCF  + Xe

Engineered Light-Matter 
interaction 

Experimental setup
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CAR

Pulse compression stage Pair generation stage Detection stage

Temporal correlation, brightness 
measurement and JSI

1033nm  2MHz 
280fs → 35fs

Lasers

Pump: 1033nm
2MHz to 10MHz & 1GHz

280fs

Seed: Tunable 1550nm
CW 10-100 mW

Pump laser
1033nm 280fs

Seed laser 
1550nm CW

DM DM DMLLλ/2λ/2 PBS

LP
BP

SP

Coincidence counter

InGaAs SPD Si SPD

JSI 

Brightness

Average pump power (mW)

Pump pulse energy (nJ)

B
ri

gh
tn

e
ss

 (k
H

z)
C

A
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Source versatility
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CAR = 100
B(CAR = 100) = 30 kHz 

Bp = 1200 photons/s/mW² 
Bp= 500 × 𝑩𝒑𝒓𝒆𝒇~10000

Snowman HCPCF L = 10 m + pump laser (10 MHz, 280 fs)
 ⇒ Improved CAR ( 𝑪𝑨𝑹𝒎𝒂𝒙 = 𝟏𝟎 𝟎𝟎𝟎)

CAR = 100
B(CAR = 100) = 120 kHz = 5× Bref 

Bp = 60 photons/s/mW² 
Bp= 30 × 𝐵𝑝𝑟𝑒𝑓

Snowman HCPCF L = 10 m + pump laser (2 MHz, 50 fs)
 ⇒ Improved generation rate

Different tests has been realized:

Versatile source thanks to fiber 
engineering and pump parameter
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o
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Thank you for your attention

thomasbillotte@glophotonics.frcontact@glophotonics.fr

• Low loss Hollow Core Fiber of different core size, modal 
content, and different guiding wavelength to fit with your 
applications

• PMC as fiber gas cell filled with different gas (C2H2, I2, 
CO2…)

• Versatile heralded photon generation setup (CAR of 10k or 
Brightness of 1k pair/s/mW²)

We are looking for:

• Collaborator to develop a proper photon sources based on 
this results

• R&D project collaboration in general on quantum sensing 
or communication
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Conclusion
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