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ETEST : Einstein Telescope EMR
Site and Technology

Anthony Amorosi
Onbehalfof the ETEST consortium
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ETEST objectives

A Large mirror(100 Kg)
A Cryogenic temperatur¢10-20 K)
A Isolated at low frequency0.1-10 Hz)

A Compact suspensiof®.5 meters)

ETEST feasibility strategy

ETEST is a project funded by the Interreg
EuregidMleuseRhine and ET2SME
consortium, which allow us tcapitalizeon
existinginfrastructureat Gentre Spatialiege
(CSL) for the construction of the facility.

\

Niﬁ1e1C I UCLouvain @micas ~ Fraunhofer

ILT

interreg | 2

Euregio Meuse-Rhine
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ETEST: how It started

Abbreviation:
AP: Active Inertial Platform

GAS
‘\rﬂ’l GAS: Geometric Anti-Spring

300kg| | m_IPP IPL: Inverted Pendulum Leg
~~ S~ IPP: Inve.rted 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 |

N
k_AP/2 k_AP/2
;”%’ _AF/. AP/ Actuator

Hybrid (active + passive) isolation

01.02.2024 > iiterreg
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Mechatronics Nik|hef
Mechanical isolation system Laboratory

From a design concept to technical drawinmmdm

055 L 'l UCLouvain

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

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

01.02.2024 = iterreg
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From a design concept to technical drawings

Radiative cooling design

A Overalldimensions: 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

-2,2008+000 mm
-3,116e+000 mm

1.291e+000 mm

-7.807e-001 mm

-4.00%e-001 mm

4.683e-001 rm

9,138e-001 mm
2.869e+000 mm

2.272e+000 mm

L

01.02.2024

Y {mrm)

3.178e+000

2.653e+000

. 2.128e+000

. 1.603e+000

_ 1.078e+000

. 5.528e-001

2.77%e-002

-4.972e-001

. -1.022e+000

. -1.547e+000

-2.072e+000

-2.587e+000

-3.122e+000

A E-TEST ERE e 0

Outer cryostat

(connected to the vacuum chamber):
A 80K LN2 shield (brown)

A 25KGHepanels (green)

iterrey

Euregio Meuse-Rhine  curopean union

European Regional Development Fund

Cedric.Lenaerts@uliege.be

Contact: Cedrit.enaerts(CSL) CSL
0/

radiation heat transfer for mirror
cooling

70007 7
AR

MAVAVALAVAVAVAVA

I
&&\&

VAVAMA

\‘{\ AT

Inner cryostat
suspended and conductively
linked to the silicon mirror



Ultra-cold vibration control

—_—
oL e 33Tt @S WucLouvain
Crystalline silicon mirror suspension Laboratory

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, semdriversitadi
Perugia for mechanical loss vs T and tensile strength measurements
A ET2SME partners Mdech (NL) anilaTecKD) will do R&D on $ietal
interfaces
AF6061 dummy
mirror Contact: Alessandmertolini(Nikhef)
alberto@nikhef.nl
01.02.2024 ’.‘ iterreg
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E_TEST profolype Submitted: 12/2021
pesion Rerort Revised: 03/2022
”m arXiv:2212.10083 :
. Y —0— - :
— - 3 ;
e B G — ’
- 3 | Ay '
Vibration isolator X | . '
1) GAS filter A - —©® -
2) Inverted Pendulum (IP) - | -
platform : e ©
3) Marionette B - XEIDREXE L -,
4) IP legs I : ‘
10) Active platform ey Y 8 ' ;
Cryogenic payload -, Y “ | =
5) Heat exchanger and
- @

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

01.02.2024 — iLerreg
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https://arxiv.org/abs/2212.10083
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Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Optics and laser development
Continuation of work

01.02.2024
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Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Optics and laser development
Continuation of work

01.02.2024
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Assembly the prototype at CSL

Teamwork makes dreams work!!!

"V —— 7

R

01.02.2024 fo

Contact: Ameer Sider (PML§€dricLenaerts(CLS) ‘ CSL @%  Precision

asider@uliege.be cedric.lenaerts @uliege.k I's Mechatronics
Christophe Collette (PML) Laboratory
Christophe.Collette@uliege.be

iterrey
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Inverted pendulum displacement sensing

Homodyne quadrature Michelson interferometers

Contact: Anthony Amorosi (PML)

A Custom homodyne quadrature Michelson readout device.

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

T

10°° T
10-10 L
=
~
~
£
g 101k
= r
2 AL
5 v Z\
&
o' I
' ~
1012 t\
il

T T L B B T T T T T

——Electronic noise

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

Anthony.amorosi@uliege.be

LoicAmezDroz (PML)
lamezdroz@uliege.be

Precision

P,
’ M_ Mechatronics
Laboratory
Q "
/ iy
X X B X :.
p-polarisation N > D

s-polarisation

| L Lol L Lol |

+ Additional LVDT reading for redundancy
01.02.2024

- Einstein Telescope
ofa F_TEST 20505 Technology )
European Regional Development Fund

p_— Hiterrey
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Frequency [Hz|
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Contact: Anthony Amorosi (PML) o Precision

Inertial sensing of the Active Platform Anthony amorosi@uliege.be

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

T T T T T T T T T T T T T T T T T T

. ——Free mass eHINS
10% - - -Blocked mass eHINS

r = "\“,\
10-10; ' AWM ll
£ ¢ “ "‘u"“‘“ “\hll.

B e o o el 10127 ol Ll
A SubHz resonance frequency. 1072 10” 10°

A pm-Michelson optical readout. Frequency [Hz]

+ BOSEMSs for DC and relative motion reading.

01.02.2024 > iiterreg
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. . . Contact: Anthony Amorosi (PML) o Precision
Inertial sensing of the Active Platform Antony.amorosi@uiege be [l mechatronics

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

——Free mass eVINS
- - -Blocked mass eVINS

TS T T T T T T T T T T T

h

(WA

v \/\'I\ VI T
F vV tf“"".‘\'lr“"'t“
L b\
E \‘k‘ '
A Approx 1 Hz resonance 10 107" 10°
frequency. Frequency [Hz]

A pm-Michelson optical readout.

+ BOSEMSs for DC and relative motion reading.
01.02.2024 > iiterreg
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Ultra-cold vibration control e o age.o]
Cryogenic inertial sensors

Il UCLouvain
¥ csiz/

i

actuator

Ul
custom
cryo-chip

A Approx. 1 Hz leadpring resonanc
frequency.
A Homodyne, fringecounting, optice
readout. VAR
A SubHz resonance frequency.
A fm differential optical readout .
h
01.02.2024 2 HiIlerrey "
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Cryogenic test bench

=S|
a% Cryostat
¢ _ry_ — Coolant gycle

ii
! 3 g

Closedcycle cryostat providing up to
1W cooling power at 10K
Vacuum level: better than 0mbar

To To o o I

Useful for testing materials,
components and assemblies

Contacts: Roberdoppe

joppe @physik.rwtraachen.de
TimKuhlbusch
tim.kuhlbusch@rwtkaachen.de

01.02.2024 o
= A E-TEST & 2% Reon

@miEES RWTH

Custom CMOS chips for sensor signal conditioning &
low temperature

%1073 10 ym / 60 nm nMOS transistor
* Measurements data @ T = 5.6 K

35

—Tweaked model
—Foundry model

w

0 0.2 0.4 0.6 0.8 1 12
Vs [V]

Major achievement in cryogenic CMOS structures modeling:

Usable volume: cylindrical 15x15cm . — - - A _ :
Fast turnaround and low running costs ‘_? ‘ & faithful representation over the full range of gatbannel

geometries
A Custom Awplated parts for photodiode test setup received

FOUNDRY MODEL OUR CRY®IODEL (SO FAR)
Error up to 65 % Errorr<5.7 %

*Maximum current error in saturation and linear region of operation

err - Contact: AlbertoGatti
it CY Alberto.Gatti@esat.kuleuven.be 15
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Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Optics and laser development
Continuation of work

01.02.2024
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Contact :Cédrit.enaert CLS) CS‘
cedric.lenaerts@uliege.be

Contactless Radiative cooling strategy Y
Lionel Jacques (CSL)

ljacques@uliege.be
A Compact heat exchanger:

External cryostat

A 80m2 for ~5m2 flat surface (x16) supporting structure To Inverted pendulum
A 0.2mm thick blacipainted Aluminiumfins
A Lightweight to minimize cooling time ¥ JL I I -
A Sized for Suspended heat

| exchanger fins

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

Titanium cold platform
suspension rods (x3)

LN, thermal shield

| |
I 0 W

CuCrZmirror suspension

! rods x4
N - 100kg Al mirror

GHecooled shroud
With exchanger fins )

01.02.2024 - HILCTTCY - 17
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22K achieved in 18days

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

300 T T T
Mirrar /
— Suspended cryostat
Cold Platfomrm
Outer cryostat
250
200 N
%3
2 dotted line = correlated model
T 150 -
[14]
fu
5
|_
100

50
22
D 1 | 1 1
Mov 25 Moy 28 Dec 01 Dec 04
Dateftime [UTC]
01.02.2024

2023

=

wa b -TEST B 2580

Suspended inner cryostat

i
\ | 13%RF Iy

A Mm;lm

ecoecrces
|teteciicoce

iterrey
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Contact :CédritenaertyCLS)
cedric.lenaerts@uliege.be

C3L
_ L

Lionel Jacques (CSL)
ljacques@uliege.be

After integration of outer cryostat
including LA shield and5Hepanels

18



Contact :Cédrit.enaentyCLS) CSL
cedric.lenaerts@uliege.be

Lionel Jacques (CSL)

ljacques@uliege.be

Lessons Learned & Perspectives

A Coldplatform to mirror suspension = bottleneék easier with Silicon mirror
and Sapphire or Silicon suspension

A Heat exchanger modal/dynamic behavior to be investigated

A Several ways to further improve leWemissivity

A Alternative heat exchanger geometry enabling T<15K with sink at 4K (LHe)
and 250mW heat load

p_— HILCIIrcy 19
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