AV VAT VAVAVAVAVAVA  AVAVAVAVAVAV.VAVAVAVA VAY TVAVAVA

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

A V. VAVAVAVAVAVAVAY VATAV VA AVAVAVA VAVAV VAVAVAVA AV VA
VA“ AVA AVAVAVAVAVAVAVA. AVAVAVAV VAVAVA TVAVAVAVAVA AVAVAVA!

A AV VAV VAVAY VAVAVAVAVA AVAVAY V. VA'A ““““‘A
AVATAVAVAVAVAVAVAVA AVAVA AV VAVAV VAV VAVAVA VAVA' ' VAVAVA

AVAV VAVAV VAV VAVAVAVAVA AVAVA AVAVAVAVAVAVL VAVAVA AV “A‘A

ATAVAVAV VA AVAVA A AVAVAVA AV VAVAVAVA'AY AVA AVAV VAV VAV,

VAVA VAV . VAVAVAVAVAVAVA.  AVA' AVAVAVAV VAVA

A VAVAVAVAVAVAY  AVAV YA  VAVAVAVAVAVAV VAV AVAVAVAVAVAVAVAVAVY

E-TEST : Einstein Telescope EMR
Site and Technology

Haidar Lakkis
On behalf of Precision Mechatronics Laboratory (ULiege)
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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.

Pl e (GSL RWTH  kuLswven

Laboratory

\

Ni%ef ¥ UCLouvain mica”s ~ Fraunhofer

ILT

iiterrey

Euregio Meuse-Rhine
European Re gional Develol pment Fund




E-TEST: how it started

Abbreviation:
AP: Active Inertial Platform

GAS
‘\r GAS: Geometric Anti-Spring
300kg ||| m_1pP IPL: Inverted Pendulum Leg
~ ~~ IPP: Inverted Pendulum Platform
O O Mar: Marionette
L_IPP_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

)

m_AP=1800kg |

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

Hybrid (active + passive) isolation

Liege Space Center

04.03.2024 " iiterrey
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H 1 H o Precision
From a design concept to technical drawings P mecraronics NiR[ref

Laboratory

6: L Il UCLouvain

Mechanical isolation system

* Production of the whole prototype finished!
e All mechanical parts in production
e 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

Radiative cooling design

* Overall dimensions: 1.8 x 1.6 x 2 m3
e Conventional radiator design with

horizontal fins (25K)

 Three 30-mm diameter optical
feedthroughs towards the mirror

-2,290e+000 mm
-3.116e+000 rm

-1.291e+000 rm

-7.607e-001 mm

-4.009e-001 mm

4.683e-001 mm

9,138e-001 mm
2,9698+000 mm

2,272e+000 rrm

=

04.03.2024

Uy (mm)

3.178e+000

2.653e+000

. 2.128e+000

- 1.603e+000

_ 1.078e+000

5.528e-001

2.779e-002

-4.972e-001

_ -1.022e+000

-1.547e+000
-2.072e+000
-2,597e+000

-3.122e+000

Outer cryostat

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

* 25K GHe panels (green)

iiterrey

Euregio Meuse-Rhine  eurorem union

European Regional Development Fund

Contact: Cedric Lenaerts (CSL) ‘ S‘
Cedric.Lenaerts@uliege.be J

radiation heat transfer for mirror
cooling

\

Inner cryostat
suspended and conductively
linked to the silicon mirror



Ultra-cold vibration control

Precision

R,L Mechatronics Nim ef 6} Il UCLouvain
Crystalline silicon mirror suspension Laboratory

CENTRE SPATIAL DE LIEGE

Crucial technology aspect for ET: no proven
solution exists

* Four machined samples delivered

single crystal
Si suspension rods

Bonding flat

All samples, including the new ones with bonding flats, sent to Universita di
Perugia for mechanical loss vs T and tensile strength measurements
ET2SME partners Mat-Tech (NL) and MaTecK (D) will do R&D on Si-metal

interfaces
Al-6061 dummy
mirror Contact: Alessandro Bertolini (Nikhef)
alberto@nikhef.nl
04.03.2024 > iLterreg
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E-TEST prototype

DESIGN REPORT

The E-TEST Prototype Team*

“Nikhet, Maastricht University, Katholioke Universiait Leuven, Université.
Catholique de Louvain, Hasselt Universly, Vrije Universitelt Brussel,
Fraunhoter insfitute for Laser Tachnology, RWTH Aachen, Liege Université.

P * =2
= =

Vibration isolator

1) GAS filter

2) Inverted Pendulum (IP)
platform

3) Marionette

4) IP legs

10) Active platform

Cryogenic payload

5) Heat exchanger and

cold platform

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

04.03.2024

Submitted: 12/2021
Revised: 03/2022
arXiv:2212.10083
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https://arxiv.org/abs/2212.10083
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Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Continuation of work

04.03.2024
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Contact: Ameer Sider (PML) Cédric Lenaerts (CLS) CSL ""'%_ Precision
CF i

Assembly the prOtOtype at CSL asider@uliege.be cedric.lenaerts@uliege.be Mechatronics

Christophe Collette (PML) Laboratory
Teamwork makes dreams work!!! Christophe.Collette @uliege.be

oy ~

< ‘? ' |
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Inverted pendulum displacement sensing

Homodyne quadrature Michelson interferometers

e Custom homodyne quadrature Michelson readout device.

* Sub-pm resolution.
* Long dynamic range (multi-fringe reading).

Contact: Anthony Amorosi (PML)
Anthony.amorosi@uliege.be

Loic Amez-Droz (PML)
lamezdroz@uliege.be

Precision

o,
’m_ Mechatronics

‘MWV* .

T — T p-polarisation N

s-polarisation

10°° . . — - :
|——Electronic noise
ADC noise ]
- - -Theoretical resolution|
10 ——IPP-IFOs resolution
1007 F 3
=
~>
~
e
Rl . .
Q
= s
10" F ..W\q“/\‘% -
LWy
' . 'ﬂl‘“‘ﬂ',w';”;‘- A A ..
' “‘tq"’i‘mn TR S PR = e -
13 L Ll R | Ll | Ll
" 102 107 10° 10" 102 103
o . Frequency [Hz|
+ Additional LVDT reading for redundancy
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Inertial sensing of the Active Platform

High resolution, low-frequency, optical horizontal seismometer Loic Amez-Droz (PML)

Contact: Anthony Amorosi (PML) o Precision
Anthony.amorosi@uliege.be

lamezdroz@uliege.be

—f‘ree mass eHINS
|- - -Blocked mass eHINS

* Sub-Hz resonance frequency.
* pm-Michelson optical readout.

+ BOSEMs for DC and relative motion reading.
04.03.2024
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Inertial sensing of the Active Platform

High resolution, low-frequency, optical vertical seismometer

* Approx 1 Hz resonance
frequency.
* pm-Michelson optical readout.

+ BOSEMs for DC and relative motion reading.

04.03.2024

Contact: Anthony Amorosi (PML) o n
Anthony.amorosi@uliege.be

Loic Amez-Droz (PML)
lamezdroz@uliege.be

— Free mass eVINS
1-- -Blocked mass eVINS

I

-
L E-TEST i)

elescope
& Technology
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Morgane Zeoli (PML)

Ultra-cold vibration control ol @uliene.be

Cryogenic inertial sensors

'l UCLouvdain

Voice-coil
actuator

F
dulum
.

pendulum
inverted pendu

UUT
custom
cryo-chip

* Approx. 1 Hz leaf-spring resonance
frequency.
 Homodyne, fringe-counti
readout.
e Sub-Hz resonance frequency.
* fm differential optical readout
04.03.2024 3 HILCITCY
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Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Continuation of work
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Contact :Cédric Lenaerts (CLS)
Contactless Radiative cooling strategy cedriclenaerts@uliege be ‘JFSL

Lionel Jacques (CSL)

ljacques@uliege.be

* Compact heat exchanger:

External cryostat

« 80m? for ~5m? flat surface (x16) supporting structure To Inverted pendulum
* 0.2mm thick black-painted Aluminium fins
e Lightweight to minimize cooling time B \Il ||J| ||J| ||\ -
° Sized for — | Sus:::ended heat
—— i exchanger fins
e 250mW heat load I
e 25K with a sink at 20K ————— | | Titanium cold platform
B — suspension rods (x3)
LN, thermal shield —— . J:LJ:L .
L1

CuCrZr mirror suspension

i ! rods x4
PE— 4
——| g 100kg Al mirror

GHe cooled shroud
With exchanger fins )

04.03.2024 = HILCITICYy - 15
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Contact :Cédric Lenaerts (CLS)
ZZK achieved in 18dayS cedric.lenaerts@uliege.be ‘ CSL
Lionel Jacques (CSL) J
ljacques@uliege.be

e Sink @16K (recirculating GHe)

After integration of outer cryostat

* Black-paint emissivity >60% @ 22K Suspended inner cryostat including LN, shield and GHe panels
300 T y F §

Mirror iV A: :
Suspended cryostat %
Cold Flatform
Quter cryostat
250
200

dotted line = correlated model

Temperature [K]

100

a0 =
22 —
0 1 | 1 1 L 1 ?;
Mov 25 Mov 28 Dec 01 Dec 04 Dec 07 Dec 10 E §
Dateftime [UTC] 2023 e
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Outline

ETEST in a nutshell
Mechanics and instrumentation
Cryogenic cooling

Continuation of work
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Contact : Haidar Lakkis (ULiege) P ;fslils’ai:r';nics
Low-frequency active Isolation and preparing for next run mhlakkis@uliege.be nL

Transfer functions from vertical actuators to their close vertical inertial senso Laboratory
T T T ™ i i 241 SRS 12 S
—Act V1 — VINS 1

—Act V2 — VINS 2|3
806 Vo~ VIS 5|

Amplitude [V/V]

Angle [deg]
E8o®Bas
f—

| i

»

m ;

TR
- (]
b i S
S 05
5}
% |
102 107 10° 10° 10?
X . Freanenev [Hzl X . X
Transfer functions from horizontal actuators to their close horizontal inertial sensors
102E —Act H1 — HINS 1

—Act H2 — HINS 2
—Act H3 — HINS 3

E-TEST active platform

Amplitude [V/V]

* Low-frequency Active isolation:

* Locking platform with the ground at low freq using
BOSEMs (below 0.1 Hz)

* Ground inertial sensors to correct BOSEM signals

Angle [deg]
o

* Inertial control at mid frequencies (0.1 Hz to 10 Hz) = i
. . . § 05
* Virtual sensor fusion at high freq 2 I\ HEN I L |
< 102 107 10° 10° 10?
Frequency [Hz|
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Contacts:

Prof. Christophe Collette

Christophe.Collette@uliege.be
Mouhamad Haidar Lakkis
mhlakkis@uliege.be

Useful links:

TDR

ATTENTION https://arxiv.org/abs/2212.10083
E-TEST Project website
https://www.etest-emr.eu/

PML website
http://www.pmlab.be/

04.03.2024 " iierreyg
= o E_TEST Gen 25 e Euregio Meuse-Rhine

European Re gional Develol pment Fund




	Light Version
	Slide 1: E-TEST : Einstein Telescope EMR Site and Technology
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Outline
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Outline
	Slide 15
	Slide 16
	Slide 17: Outline
	Slide 18
	Slide 19


