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A lab dedicated to seismic science

AThere are several topics we cover, split between Université de Liége, Université
Libre deBruxellesand UCLouvain

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

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




Vibration control for Geand Astre observations
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Almproving the sense and contr
of the gravity acceleration, Iin
order to potentially reduce
Newtonian noise

AResearch on active control of
vibration systems

ATesting the feasibility of the (Read More)
Einstein Telescope mirror -

Isolation: ETEST project allLiege




A bit about myself &

APhDat University of Birmingham (UK) on seismic isolation technologie . .
(https://etheses.bham.ac.uk//id/eprint/12495/) |

APostdocd 0 ! YAOGSNBRAGUS RS [A8§3S 0. St
management of the HEST ERC project

Aln collaboration witiNikhefandUoBE L QY LJdz0f A & KA y = =&
stabilization for the 6D isolator ERC project

AMentoring PhD students afLiége

Al am an editor of the LIGO magazine, my last two articles are online



The ETEST project atLiege

AResearch al/Liegds ongoing to
Improve inertial sensor@nd to
validate the advanced technology for
new GW detectors, as Einstein
Telescope (ET)

AAt ULiege the prototype ETEST is
under construction tdest the hybrid
technologymentioned before

AFor more info about HEST in
general, please visit:

Work in progress.
https://www.etest-emr.eu/ Credit: Haidat akkis



https://www.etest-emr.eu/

ETEST objectives

A Large mirror(100 Kg)

Ve

A Cryogenic temperaturél0-20 K)

Ve

A Isolated at low frequenc{0.1-10 Hz)

A Compact suspensio@.5 meters)

ETEST feasibility strategy

ETEST is a project funded by the Interreg
EuregioMeuseRhine and ET2SME
consortium, which allow us toapitalizeon
existinginfrastructureat CGentre Spatialiege
(CSL) for the construction of the facility.
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ETEST Isolation SystenConceptual Design

1) GAS filter.

2) Top stage.

3) Marionette. —T

4) Inverted pendulum legs within P .
pipes that support a reference ’

ring below the top stage. L . P

5) Inner cryostat which has the %
interlacing fin type heat |
exchanger. |

6) Three access points for outside - g
experiments to interact with = ,
the cryogenic mirror. e { ¥ X Y \ :

7) The inner cryostat is attached L= vl
to the cold platform. ﬁ E—

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.

Di Pace, S., Mangano, V., Pierini, L., Rezaei, A., Hennig, J. S., Hennig, M., ... & Van Heijningen, J. (2022).
Research Facilities for Eur oWavéBetedoe KirtsteiltGener at i on
Telescope. Galaxies, 10(3), 65.

Gravitational

Ameer Sider
asider@uliege.be 7



Multi-body model and control strategy

Transmissibility (Mirror/ground)

Horizontal (x-axis)
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Room T inertial sensor for thelEST prolect

\ Mechanics

A Long period’Q ¢ Hz
Low loss fusedilica
flexures.

A Linear mechanical
guide for the optical
readout.

I
|
|
|
|
|
I
|
|

Feedback actuator:

A Moving magnet VCA.
A Seltshielded quadrupole magnet.

——Gaseous thermal
-120 | |——Structural thermal
Electrical

e ~ 140 r|—Optical
/ g PDI Mirl ; f\ m—  VINS
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— Ground Motion -Horizontal
{|——Ground Motion - Vertical

1074 NN e ——Residual horizontal motion after control
:|==Residual vertical motion after control

ASD (m/+/ Hz)
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AmezDroz L. (Loic.Amd2aroz@ulb.be)
Amorosi A. (anthony.amorosi@uliege.b




Horizontalkcryogenianertialsensor for HEST

Frame

Ti6AI4V proof-
mass
(0.68 kg)

Voice-coil
actuator

YcvvXu"

linkage leg

Room temperature PCB
with TIA, controller and
current injector

Interferometric
read-out

Cold platform horizontal residual displacement (m/v/Hz)

107*

Ground Motion JvH thesis
best custom

= Control on .
/commercial

—==Total

100 ¢

Frequency (Hz)

Credit:MorganeZeoli 11



Vertical Cryogenic inertial sensor fefIEST

A test campaign was taken in
=S elesle gl ez laiise et collaboration with RWTH Aachen
olavlele[=iplen el dlalef wolnle ilel g to select the optical elements
works the best in cryogenic
conditions (collimators,
photodiodes, polarization,
alignment,etc). The results are
used for both CSI8 and H.

Ground Motion ——HINS/VINS
e Control on GS-13
—==Resolution T-240

| 0 L

. Interferometric , 1073 v n v 2
_I 10° 10 10 10 10
] read'out | _ . Frequency (Hz)
s Credit:MorganeZeoli 12

Cold platfrom residual vertical displacement (m/+/Hz)




morgane.zeoli@uliege.be

Final use and testench

A Monitor residual motion witfmk K1 T aSyaAdAg@gAaide R2gy (G2 wm 11

A Exploit ETEST cold platform lewibration cryogenic environment to perform a salbise measurement

—— Suspension thermal noise
—— Frequency Noise

RIN
——Shot noise
—— Dark current
——Resistor thermal
—— Op-amp voltage
—— Op-amp current
—-=Total

Resolution [m/+/Hz]

After the CSIS validation WitATEST,
) I/ < an adaptation of this sensor will be
w embedded in thd GWA (Lunar

Frequency [Hz]

Gravitational Wave Antenna)
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Current status of £FEST




Vacuuming and
cooling started and
A0Qa 3I2Ay 3
weeks (N done, He
started. T = 90 K).

During that time, we
monitor the sensors,
apply control and
test the responses.

After that, we will
dismount the
cryostat and move
ETEST to another
lab for suspension
and seismic tests.

End 2024:
Installation of the
silicon mirror and

rods. .




Other than ETEST

16
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Inl @  ® LIEGE m '1] POLYTECHNIQUE
& DE BRUXELLES

Glass structure manufacturingaser assisted etching

2 m

A The lasepathisdefinedto expose the
. i 15em - :
Laser objective shapeof the desiredpart in a glass
substrate
A Then the substrateis placedin a KOH
- - KOH bath. Laseexposedglasgs etched100x
S fasterthan non-exposedglass

Substrate

PML ¢ L. AmezDrozc¢ loic.amezdroz@doct.uliege.be i i 17



DE BRUXELLES

a _ - ECOLE
Inl @J Instrumentedflexible glass structur g 2 L/=GE m POLYTECHNIQUE

Crossspring pivot hinge

Fusedsilicais a highlyelasticmaterial

Elastidimit > 1Gpa
. 2 dzymddukus~72GPa

§(:

Thankgo the high aspect ratio of thenanufacturingprocesswe are able toproducemonolithiccompliantmechanisms
PML ¢ L. AmezDroz¢ loic.amezdroz@doct.uliege.be 18




14 T ECOLE
[nl cJ U LIEGE m .11 POLYTECHNIQUE
DE BRUXELLES

_ Inertial massleaf-springhinge
Inertial sensor m———
uVINS

mechanical sﬁ)p

A Glass caive usedfor compliant joints to
reducedrift and thermal noise
(dependingon the stress ratidetween

O the joint and the suspension)

Inertialmass suspension

Mirror guiding

PML ¢ L. AmezDroz¢ loic.amezdroz@doct.uliege.be




Low-frequencyisolation of 6DOFsystems using inertial sensors

Laser sources

Photodiodes

Voice coil
D&
actuator

6 -
Current amplifier

HaidarLakkis
mhlakkis@uliege.be 20
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Atomic Quantum Gravimetelrbridization

4. Seismic Newtonian Noise

1. Improve the gravimeter 2. Double hybridization Calibration
SLio = component kSl
® o g o

3. Active Isolation

MayanaTeloi
mayana.teloi@uliege.be

21



(2)Hybrid sensor: AQG + classical accelerometer

Broad bandwidth
Continuous

Overview

! : e

.v l

: |

a I \
|
. (3)Newtonian
: Noise
|
|
|
|
|

. Activeisolation
MayanaTeloi

mayana.teloi@uliege.be .,



Prelim | nary reSUI @<_Hybrid sensor: AQG + classical accelerorneter

1 - -y - n =
(Vs Limiting noise below 4 Hz : =
10%F  ___ xmnM To be investigated -
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@ Newtonan

I Noise

av o With the active isolation, we are reaching the intrinsic noise

QPN
—— Control on, 21/04 night

e the gravimeter which is set by the laser. So ground noise is |
completely removed from gravity measurement.

-
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General contacts anghi network

A Head of the group: Prof. Christophe Collettgistophe.collette @uliege.be

A Postdocs:
Dr. Chiara DiFronzocdifronzo@uliege.be
Dr. RasalamshidiR.Jamshidi@uliege.be

A PhD studentt/Liegeand ULB

M. HaidarLakkis mhlakkis@uliege.be
MayanaTeloi Mayana.Teloi@uliege.be
AnthonyAmorosiAnthony.Amorosi@uliege.be
Ameer Sidersider@uliege.be

Loic AmezDrozlamezdroz@uliege.be
ThomasDehaezdédehaeze @uliege.be
MorganeZeoli morgane.zeoli@uliege.be
Brieux ThibautBrieux.Thibaut@uliege.be

wieuven JNERS

Useful links:

TDR
https://arxiv.org/abs/2212.10083
E-TEST Project website
https://www.etesemr.eu/

PML website fnrs

LA LIBERTE DE CHERCHER
http://www.pmlab.be/
UNIVERSITE
[0} W LIBRE
DE BRUXELLES

¢ LIEGE
h e_F t université

'l UCLouvain
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Decentralized Control :

Hexagonal table top view Horizontal
Inertial sensor

VINS 3 VINS 1 VINS 2

—> — —> Act H3 Act H1 Act H2

Act V3 Act V1 Act V2 _ ¥ osed in a d ired ,
Vertical loops closed in a decentralized way Horizontal loops closed in a decentralized way



Maverick experiment

Bladed Raill

Open Loops of Bladed Rail
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Phase (Deg)
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Perfromance Index (Acoustic Excitation to Laser Measurement)
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Rasa Jamshidi
rjamshidi@uliege.be

1280 1300

Open Loops of BLUM
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