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A lab dedicated to seismic science

There are several topics we cover, split between Université de Liege, Université Libre de Bruxelles
and UCLouvain

Main research is devoted to seismic isolation (for GW science but not only)

We are a big group including 8 PhD students, 2 postdocs, 1 Msc student and several internships
students from abroad, under the supervision of prof. Christophe Collette




Vibration control for Geo- and Astro- observations

* Developing of new inertial
sensors, sensitive at low
frequencies

* Improving the sense and control
of the gravity acceleration, in
order to potentially reduce
Newtonian noise

* Research on active control of
vibration systems

* Testing the feasibility of the
Einstein Telescope mirror
isolation: E-TEST project at ULiege




My research, publications and duties
* PhD at University of Birmingham (UK) on seismic isolation technologies
(https://etheses.bham.ac.uk//id/eprint/12495/)

* Postdoc at Université de Liege (Belgium), where I’'m responsible for the
management of the E-TEST ERC project

* |n collaboration with Nikhef and UoB, I’'m publishing my work on laser
stabilization for the 6D isolator

* Mentoring PhD students at ULiege

* Please see DCC for my work with LIGO, and ArXiv for the E-TEST technical
design report https://arxiv.org/abs/2212.10083



https://arxiv.org/abs/2212.10083

E-TEST objectives

= Large mirror (100 Kg)
= Cryogenic temperature (10-20 K)
= |solated at low frequency (0.1-10 Hz)

=  Compact suspension (4.5 meters)

E-TEST feasibility strategy

E-TEST is a project funded by the Interreg
Euregio Meuse-Rhine and ET2SME
consortium, which allow us to capitalize on
existing infrastructure at Centre Spatial Liege
(CSL) for the construction of the facility.

Rl e (GSL  RWTH  kuLswven

Laboratory

Ni%ef ¥ UCLouvain mica"é’, Z Fraunhofer

ILT



o - - - % , Precision
E-TEST Isolation System - Conceptual Design :l: LIEGE  [pal. Mechavorics

1) GAS filter.

2) Top stage. -

3) Marionette. | 0

4) Inverted pendulum legs within l/ = - | , Ta——— _'L
pipes that support a reference P s l - |
ring below the top stage. :

5) Inner cryostat which has the 3 — m—— 2 — 41
interlacing fin type heat - a
exchanger.

6) Three access points for outside |
experiments to interact with - e = | =
the cryogenic mirror. " 7 |

7) The inner cryostat is attached | o
to the cold platform.

8) Outer cryostat which provides
a cold environment and houses
the 100 kg silicon mirror.

9) Active platform.

10) Three large blades

11) Support pillar on the ground.
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| o | | | Ameer Sider
Di Pace, S., Mangano, V., Pierini, L., Rezaei, A., Hennig, J. S., Hennig, M., ... & Van Heijningen, J. (2022). . .
Research Facilities for Europe’s Next Generation Gravitational-Wave Detector Einstein aS|der@ u I |ege be 6
Telescope. Galaxies, 10(3), 65.
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w * LIEGE
Finalizing the multi-body model and applying the first control strategy b

E-TEST Simscape model
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Amez-Droz L. (Loic.Amez-Droz@ulb.be)
Amorosi A. (anthony.amorosi@uliege.be)

High resolution long-period accelerometer

Mechanics

* Longperiod: f, = 2 Hz

* Low loss fused-silica
flexures.

* Linear mechanical
guide for the optical
readout.

Feedback actuator:
* Moving magnet VCA.
* Self-shielded quadrupole magnet.
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Inertial sensor development for the E-TEST project

T Ground Motion -Horizontal
{|——Ground Motion - Vertical

107 N ‘|—Residual horizontal motion after control
:|=——Residual vertical motion after control
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o
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Amez-Droz L. (Loic.Amez-Droz@ulb.be)
Amorosi A. (anthony.amorosi@uliege.be)
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JVvH+, 2022, nima.2022.167231

Development of cryogenic interferometric (superconductive) inertial sensors - CSIS

r gy
l | Niobium proof-mass in a Watt'’s
' | linkage configuration

Trying to find <
the right process

to manufacture
Nb thin flexures

g . 1 ! Interferometric !
? ]
| I \ '

|

|

|

|

|

. read-out :

Homodyne interferometry using
the differential signal as a feedback
signal to lock the mass.

custom

——————————— ] cryo-chip
| I v calibration f /
| I 7/
» L
— fEa Custom
Superconductive ' cryo-chip
actuator

Custom 65nm-CMOS cryo-chip
developed at KULeuven to post-
process the differential signal and
control the actuators

Actuation force applied on
the proof-mass by
magnetic pressure because
of the Meissner effect.



https://doi.org/10.1016/j.nima.2022.167231

Sider+, 2022, arxiv: 2212.10083v1 (section
2.5.2)

Development of cryogenic interferometric (superconductive) inertial sensors - CSIS

----------- :

| L
. Interferometric | Homodyne quadrature

E-VINS design adapted for

cryogenic working conditions

|
-_V?E‘J!'S‘ﬂt_ _____ I interferometry
Stainless steel proof-mass suspended 1 i )Afk Iy
. . ovable) ¢
with a BeCu2 leaf spring. The sensor | s e AY
. Laser collimator ﬂ - :
- Al o4 4 N 4l ool
works in open-loop. W =St pher
PBSI1 BS ‘;:’ PBS2
—P rp3
p - polarisation  § PBS3 <>
s - polarisation e Y
U rd2
A test campaign is currently

happening in collaboration with
RWTH Aachen to select the optical
elements that works the best in
cryogenic conditions (collimators,
photodiodes, polarization,
alignment, etc). The results will be
used for both CSIS-V and H.
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https://arxiv.org/abs/2212.10083v1

morgane.zeoli@uliege.be

Final use and test bench

* Monitor residual motion with fm/VHz sensitivity down to 1 Hz

* Exploit E-TEST cold platform low-vibration cryogenic environment to perform a self-noise measurement
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Other than E-TEST




o ECOLE

Inl @ Instrumented flexible glass structure :g e m m POLYTECHNIQUE

DE BRUXELLES

Glass structure manufacturing: laser assisted etching

y
y

24 um

* The laser path is defined to expose the
shape of the desired part in a glass
substrate

o 1.5 um
Laser objective

* Then, the substrate is placed in a KOH

\_ KOH bath. Laser-exposed glass is etched 100x
X / faster than non-exposed glass

Substrate

PML — L. Amez-Droz — loic.amez-droz@doct.uliege.be ‘ ‘ 14



ﬁu\L @J Instrumented flexible glass structure

r 1 ECOLE
” ll,'nl.Ercj.E 1 POLYTECHNIQUE
DE BRUXELLES

Cross-spring pivot hinge

Fused silica is a highly elastic material

Elastic limit > 1 Gpa
Young’s modulus ~72 GPa

§(:

Thanks to the high aspect ratio of the manufacturing process, we are able to produce monolithic compliant mechanisms

PML — L. Amez-Droz — loic.amez-droz@doct.uliege.be 15



T ECOLE
RAL @J Instrumented flexible glass structure N sk m m POLYTECHNIQUE
DE BRUXELLES

Inertial mass leaf-spring hinge

Inertial sensor
HVINS

mechanical sto}z)

* Glass can be used for compliant joints to
reduce drift and thermal noise
(depending on the stress ratio between

o) the joint and the suspension)

Inertial mass suspension

Mirror guiding

PML — L. Amez-Droz — loic.amez-droz@doct.uliege.be




Low-frequency isolation of six degree of freedom systems using inertial sensors

Laser sources

Photodiodes

Voice coil
actuator

Current amplifier

Platform Haidar Lakkis

mhlakkis@uliege.be 17



Decentralized Control :

Hexagonal table top view Horizontal
Inertial sensors

Hexagonal table top view Vertical Inertial
sensors

VINS 3 VINS 1 VINS 2

g ’ —> Act H3 Act H1 Act H2
Act V3 Act V1 Act V2

. . . i i i 18
Vertical loops closed in a decentralized way Horizontal loops closed in a decentralized way



Atomic Quantum Gravimeter ibridization

1. Improve the gravimeter 2. Double hybridization

o 4

Mayana Teloi / o

mayana.teloi@uliege.be

3. Active Isolation

o

4. Seismic Newtonian Noise
Calibration

19




Overview @Hybrid sensor: AQG + classical accelerometer
Broad bandwidth
Continuous
D il >

’ Q : Q‘-:_

: \

0 == |
|
. (3 Newtonian
: Noise
I
|
|
|
|

S Active isolation
Mayana Teloi

mayana.teloi@uliege.be 50



Preliminary result
Hybrid sensor: AQG + classical accelerometer
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General contacts and uni network

» Head of the group: Prof. Christophe Collette christophe.collette@uliege.be

» Postdocs: _
. . _ _ Useful links:
Dr. Chiara Di Fronzo cdifronzo@uliege.be
Dr. Rasa Jamshidi R.Jamshidi@uliege.be TDR

« PhD students ULiege and ULB https://arxiv.org/abs/2212.10083
E-TEST Project website

M. Haidar Lgkkls mhlakkls_@ul!eqe-be https://www.etest-emr.eu/ fnrs

Mayana Teloi Mayana.Teloi@uliege.be

Anthony Amorosi Anthony.Amorosi@uliege.be Etlt/l b/websne lab.be/ LA LIBERTE DE CHERCHER
Ameer Sider asider@uliege.be p-/ANWW.pmiab.be )

. . UNIVERSITE
Loic Amez-Droz lamezdroz@uliege.be LIBRE
Thomas Dehaeze tdehaeze@uliege.be DE BRUXELLES

Morgane Zeoli morgane.zeoli@uliege.be . UCLouvain
Brieux Thibaut Brieux.Thibaut@uliege.be

P\ her LN
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Marionette Cryostat * LIEGE

université

&

&
Mirror

Active platform

GAS filter

Ameer Sider (PML)
asider@uliege.be
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Sensors & Actuators 4SOP“03' L
] ensors —_ ==
(vacuum compatible ) |

4 Voice coil /

actuators

Temperature

6 Cryogenic inertial Sensors
Sensors

6 Inertial
sensors

6 voice coil
Actuators

6 BOSEMSs

25




e @

Cross-spring pivot hinge

. ECOLE
* LIE
b LIEGE 1 POLYTECHNIQUE
DE BRUXELLES

PML — L. Amez-Droz — loic.amez-droz@doct.uliege.be 26
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