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ETEST : Einstein Telescope EMFR
Site and Technology

Haidar Lakkis
Onbehalfof Precision Mechatronics Laboratotyl(iegé

VAVAVAVAVAVAVA'
VAVAVA 'ATAVAV
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ETEST objectives

A Large mirror(100 Kg)
A Cryogenic temperaturél0-20 K)
A 1solated 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 Gentre Spatialiege
(CSL) for the construction of the facility.

\

Ni%ef ¥ UCLouvain f@micas Z Fraunhofer

- ILT
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ETEST: how it started

Abbreviation:
AP: Active Inertial Platform

GAS
‘\H,‘ GAS: Geometric Anti-Spring

300kg ||| m_ipP IPL: Inverted Pendulum Leg
~ ~~ IPP: Inverted Pendulum Platform
O O Mar: Marionette
LIPP_Mar CP:Cryostat+Cold Platform
0.6m Mir: Mirror
k: Stiffness
m: Mass
[_m Mar= 150kg | CW: Counter Weight
I_Mar_CP
1.3m
m_CP
400kg
m_IPL=12Kg m_IPL=12Kg
| _IPL=2.8m | IPL=2.8m
|

O Sensor
PN

m_AP=1800kg |

PaN
k_AP/2 k_AP/2
2”%’ _AF/. AP/ Actuator

Hybrid (active + passive) isolation

04.03.2024 " iiterrey
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Mechatronics Nik|hef
Mechanical isolation system Laboratory

From a design concept to technical drawinﬁﬁ_mision

6: L Il UCLouvain

A Production ofthe whole prototype finished!
A All mechanical parts in production
A Assembly started in Summer 2023

Contact: Ameer Sider (PML)
asider@uliege.be

04.03.2024 " iLterreg
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From a design concept to technical drawings Contact Cedritenaeri<CsL)

- L . . Cedric.L t liege.b
Radiative cooling design edric.Lenaerts@uliege.be

radiation heat transfer for mirror
cooling

A Overall dimensions: 1.8 x 1.6 x 2 m

A Conventional radiator design with
horizontal fing(25K)

A Three 36mm diameter optical
feedthroughs towards the mirror

=

o (o N
- \f/ ’
\%
2,653e+000 \/// e
_ 2.128e+000 §/’3¢
5]
_ 1603e+000 V
_ 1.078e+000 % g
_ 5.528e-001 N
2.77%e-002 /‘
l
. -4.872e-007
_ -1.022e+000
_ -1.547e+000
PRI Outer cryostat
e _ Inner cryostat
sa7e (connected to the vacuum chamber): .
P A : suspended and conductively
: 80K LN2 shield (brown) . . :
A 25KGHepanels (green) linked to the silicon mirror
04.03.2024 3 HILCTITCY 5
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Ultra-cold vibration control

S
[l Mechavonics N3 ket 5}' W UCLouvain
Crystalline silicon mirror suspension LADOTRIOTY

CENTRE SPATIAL DE LIEGE

A Crucial technology aspect for ET: no prov
solution exists

A Fourmachinedsamples delivered

single crystal
Si suspension rods

Bonding flat

A All samples, including the new ones with bonding flats, sehirtiversitadi
Perugia for mechanical loss vs T and tensile strength measurements
A ET2SME partners Mdech (NL) anMaTecKD) will do R&D on Bietal

interfaces
Al-6061 dummy
mirror Contact: AlessandrBertolini(Nikhef
alberto@nikhef.nl
04.03.2024 " iLterreg
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“E:TBEST 5 ro,;;ype Submitted: 12/2021
Revised: 03/2022
N arXiv:2212.10083 !

-
M 7 |
Munhmvmiu-!wl:mﬂogy_meAu:Mn_\-qumuxlli = b — i,_ ; ” ] J -
e 3 | I |
. . | | 5 .
Vibration isolator 1
1) GAS filter . —© -
2) Inverted Pendulum (IP) - ; | - =
platform : .
. VENY \/
3) Marionette = DRI L
4) IP legs
10) Active platform — :
Cryogenic payload =
5) Heat exchanger and
D,

cold platform
7) 25K inner thermal shield
8) 80K outer thermal shield

-
= e E-TEST S0 e 0 Euregio Meuse-Rhine

European Regional Development Fund
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https://arxiv.org/abs/2212.10083

AV VAVAVAVAVAVAVAVA  AVAVAVAVAVAVAVAVAVAVA VAV VAVAVAY.

A AV.VA AVAVATATAVA AVAVAVATAVAVATAVAVAVAV:. AY  VAVAV.V VA
AVATAVA AVAVAV VAVAVAY AVAVAVAVAY VA AVAVAY.

A V. VAVAVAVAVAVAVAV VA'AV VA AVAVAVA VAVAV VAVAVAVA AV VA'
VAVA AVA AVAVAVAVAVAVAVA AVAVAVAV VAVAVA TVAVAVAVAVA AVAVAVAY,
A AV VAV VAVAY VAVAVAVAVA AVAVAV V VA'A VAV VATAVAVAV VAVA

AVA AVAVAVAVAVAVAVA AVAVA AV VAVAV VAV VAVAVA VAVA'  VAVAVAVAVAY.
AVAV VAVAV VAV VAVAVAVAVA AVAVA AVAVAVAVAVAVL VAVAVA AV VAVAVA
ATAVAVAV VA AVAVA A AVAVAVA AV VAVAVAVA'AY AVA AVAV VAV VAV,

VAVA VAV . VAVAVAVAVAVAVA.  AVA' AVAVAVAV VAVA
A VAVAVAVAVAVAY  AVAV VA  VAVAVAVAVAVAV VAV AVAVAVAVAVAVAVAVAY

Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Continuation of work

VAVAVAVAVAVAVAY
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Assembly the prototype at CSL

Teamwork makes dreams work!!!

04.03.2024 fo
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cedric.lenaerts@uliege.k Mechatronics

Laboratory

asider@uliege.be
Christophe Collette (PML)
Christophe.Collette@uliege.be

: i édricLenaert§CLS) a, isi
Contact; Ameer Sider (PMLY ‘ 5SL I‘s Precision
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Inverted pendulum displacement sensing

Homodyne quadrature Michelson interferometers

Contact: Anthony Amorosi (PML)

Anthony.amorosi@uliege.be

LoicAmezDroz(PML)
lamezdroz@uliege.be

A Custom homodyne quadrature Michelson readout device.

A Subpm resolution.
A Long dynamic range (mufiinge reading).

nL

Precision
Mechatronics
Laboratory

, ADC noise ]
- - =Theoretical resolution|-
——IPP-IFOs resolution

' W 1,‘~‘.~‘,1.,uf.ﬂ;-i{ b VLo 3
IR MR ERI R T RS Egs

109
10-10_
=
>
~
=l
S 10ME |
= :
ERENAN
o) S Z\
n
Q
~ L
’ ~
10" F ,;W\
4"
1013 =

1072 107"

+ Additional LVDT reading for redundancy

I
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Contact: Anthony Amorosi (PML) o Precision

Inertial sensing of the Active Platform Anthony amorosi@uiege.be [ ol Mechatronics

High resolution, lowfrequency, optical horizontal seismometer LoicAmezDroz(PML)
lamezdroz@uliege.be

- —f‘ree mass eHINS |
107 3 o : Y : N -Blocked mass eHINS

ASD [m/,/Hz

£ | P R g e D L
po oS A = ~ B Ui
N - Y,
P o« A - 3 ;

st LN S E 1 E Y R S S Y
A SubHz resonance frequency. 107 10" 100 10!

A pm-Michelson optical readout. Frequency [Hz|

+ BOSEMSs for DC and relative motion reading.
04.03.2024 " iiterrey
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Contact: Anthony Amorosi (PML) o Precision

Inertial sensing of the Active Platform Anthony amorosi@uiege.be [ ol Mechatronics

High resolution, lowfrequency, optical vertical seismometer LoicAmezDroz(PML)
lamezdroz@uliege.be

— Free mass eVINS |
- -Blocked mass eVINS

A Approx 1 Hz resonance 02 107
frequency. Frequency [Hz]
A pm-Michelson optical readout.

+ BOSEMSs for DC and relative motion reading.

04.03.2024 " iterreyg
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Ultra-cold vibration control MorganeZeli(PMIL)

morgane.zeoli@uliege.be
Cryogenic inertial sensors

'l UCLouvdain
¥ csisr

actuator

pendulum

UUT
custom
cryo-chip

A Approx. 1 Hz lea$pring resonanct
frequency.

A Homodyne, fringecounting, optice
readout. LV e

A SubHz resonance frequency.
A fm differential optical readout

04.03.2024 " iiterrey -
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AV VAVAVAVAVAVAVAVA  AVAVAVAVAVAVAVAVAVAVA VAV VAVAVAY.
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AVAV VAVAV VAV VAVAVAVAVA AVAVA AVAVAVAVAVAVL VAVAVA AV VAVAVA
ATAVAVAV VA AVAVA A AVAVAVA AV VAVAVAVA'AY AVA AVAV VAV VAV,

VAVA VAV . VAVAVAVAVAVAVA.  AVA' AVAVAVAV VAVA
A VAVAVAVAVAVAY  AVAV VA  VAVAVAVAVAVAV VAV AVAVAVAVAVAVAVAVAY

Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Continuation of work

04.03.2024
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Contact :CédritenaertyCLS) CS
cedric.lenaerts@uliege.be L

Contactless Radiative cooling strategy Y
Lionel Jacques (CSL)

ljlacques@uliege.be
A Compact heat exchanger:

External cryostat

A 80m2 for ~5m? flat surface (x16) supporting structure To Inverted pendulum
A 0.2mm thick blackpainted Aluminiumfins
A Lightweight to minimize cooling time B \Il ||J| ||J| ||\ .
A Sized for Suspended heat

| exchanger fins

A 250mW heat load N
A 25K with a sink at 20K

Titanium cold platform
suspension rods (x3)

LN, thermal shield

LI
0 O O

CuCrZmirror suspension

! rods x4
N - 100kg Al mirror

GHecooled shroud
With exchanger fins >

04.03.2024 o HILCTTCY - 15

= ofo E_TEST Ensanasere, Euregio Meuse-Rhine  curoreniunion

European Regional Development Fund




22K achieved in 18days

A Sink @16K (recirculating GHe)
A Blackpaint emissivity >60% @ 22

300 T T T T T
Mirrar f'
Suspended cryostat
Cold Flatform
Quter cryostat

250

200

dotted line = correlated model

130

Temperature [K]

100

a0
22
U 1 | | 1
Mov 25 Mov 28 Dec 01 Dec 04
Date/time [UTC]
04.03.2024

Dec 07

I

Dec 10
2023
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Contact :CédritenaertyCLS)
cedric.lenaerts@uliege.be

CSL
Wy

Lionel Jacques (CSL)
ljlacques@uliege.be

After integration of outer cryostat
including LA shield andGHepanels

{1

L
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AV VAVAVAVAVAVAVAVA  AVAVAVAVAVAVAVAVAVAVA VAV VAVAVAY.

A AV.VA AVAVATATAVA AVAVAVATAVAVATAVAVAVAV:. AY  VAVAV.V VA
AVATAVA AVAVAV VAVAVAY AVAVAVAVAY VA AVAVAY.

A V. VAVAVAVAVAVAVAV VA'AV VA AVAVAVA VAVAV VAVAVAVA AV VA'
VAVA AVA AVAVAVAVAVAVAVA AVAVAVAV VAVAVA TVAVAVAVAVA AVAVAVAY,
A AV VAV VAVAY VAVAVAVAVA AVAVAV V VA'A VAV VATAVAVAV VAVA

AVA AVAVAVAVAVAVAVA AVAVA AV VAVAV VAV VAVAVA VAVA'  VAVAVAVAVAY.
AVAV VAVAV VAV VAVAVAVAVA AVAVA AVAVAVAVAVAVL VAVAVA AV VAVAVA
ATAVAVAV VA AVAVA A AVAVAVA AV VAVAVAVA'AY AVA AVAV VAV VAV,

VAVA VAV . VAVAVAVAVAVAVA.  AVA' AVAVAVAV VAVA
A VAVAVAVAVAVAY  AVAV VA  VAVAVAVAVAVAV VAV AVAVAVAVAVAVAVAVAY

Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Continuation of work
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Contact Haidar LakkisULieg¢ Ti\L :ﬁr:;i‘!:;:mcs
Low-frequency active Isolation and preparing for next run mhlakkis@uliegie

Transfer functions from vertical actuators to their close vertical inertial sensol !

—Act VI — VINS 1
—Act V2 — VINS 2|3
—Act V3 — VINS 3

Amplitude [V/V]

° L]
° °
3 *
“ ®
® . .
P2 e
b J L3
» ()
s -
= e
L] ]
b,

Coherence [-]  Angle [deg]

Frequency [Hz|

ETEST active platform
A Lowfrequency Active isolatian

A Locking platform with the ground at lofreq using
BOSEM¢below 0.1 Hz)

A Ground inertial sensors to correct BOSEM signals
A Inertial control at mid frequencies (0.1 Hz to 10 Hz)
A Virtual sensor fusion at higineq
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