AV VAT VAVAVAVATAVA  AVAVAVAVAVAV . VAVAVAVA VAV TAVAVAV.

A AVAVA AVAVAVAVAVA AVAVAVAVAVAVAVAVAVAVAVA AV  VAVAVAY VA

AVATAVA AVAVAV VAVAVAY AVAVAVAVAY VA AVAVAY.

A V. VAVAVAVAVAVAVAY VA'AV VA AVAVAVA VAVAV VAVAVAVA AV VA'
VAVA AVA AVAVAVAVAVAVAVA. AVAVAVAV VAVAVA TVAVAVAVAVA AVAVAVA'

A AV VAV VAVAY VAVAVAVAVA'AVAVAV V. VA'A VAV VAVAVAVAV VAVA

AVATAVAVAVAVAVAVAVA AVAVA AV VAVAV VAV VAVAVA VAVA' ‘VAVAVAVAVAY,

AVAV VAVAY VAV VAVAVAVAVA AVAVA AVAVAVAVAVAVL VAVAVA AV VAVAVA
ATAVAVAV VA AVAVA A AVAVAVA AV VAVAVAVA'AY AVA AVAV VAV VA

VAVA VAV VAVAVAVAVAVAVA.  AVA AVAVAVAV VAVA

A VAVAVAVAVAVAY  AVAV VA  VAVAVAVAVAVAY VAV AVAVAVAVAVAVAVAVAY

Architecture and performance of the
active platform in the E-TEST prototype

Lionel Jacques & Christophe Collette for the E-TEST consortium

19.09.2024 iterrey -

Euregio Meuse- Rhlne EUROPEA
European Regicnal Developmen



Objectives

= lLarge mirror (100 Kg)
* Cryogenic temperature (20 K)

= Radiative cooling

Isolated at low frequency (0.1-10 Hz)

= Compact suspension (4.5 meters)
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Scheme 1

GF_0

B Pt

Sensor G

’ —

500kg ||[m_

gy

0

=)

Sensor

500kg

AP
k_AP/2
1

k_AP/2
0.65m
GF_
| 150kg i i m_MarI

0.8m

19.09.2024

m_AP2

I
% Actuator i %k_APZ/Z
I

500kg |

[m_AP1

I
|

k_AP2/2 % E
|

k_AP1/2
0.65m

GF_1

| 150kg |

[ m_Mar]|

0.8m

[ m_CP=200kg |

0.65m

k_IM/3

| m_

IM | 120kg

0.65m

_Mir

k_Mir/4

150kg

g—

-
= L E-TESTH

k_AP1/2 % $Actuator

Abbreviation:

AP: Active Control Platform

GF: Anti-Geometric Spring Filter
Mar: Marionette

CP:Cold Platform

IM: Intermediate Mass

Mir: Mirror

k: Stiffness

m: Mass
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Scheme 2

GF_0
| 500kg ||[ m_1PP |
\( )/ . IPP/2 k_IPP2f N
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| 150kg i i m_Marl
0.8m
m_IPL | m_CP=200kg | m_IPL
3.5m 3.5m
0.65m k IM/3
m_IM 120kg
0.65m k_Mir/4
k_IPL/2 Kk_IPL/2
O 150k O Sensor
SN g SN
[ 'm_AP=500kg |
; %k—AP /2 k.AF/2 Actuator
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Comparison
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ET Superattenuator

A GF 0
| 300kg ||| m_1PP |
N~ \k_IPP/2 k_1IPP/2] 7
O 2.6m O
5m GF 1
el
m ST
2.6m
E-TEST Appraoch
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Y ~
[200kg ||[m_sT2
300kg||[ m_IPP | Z =
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[ ™ | GF 3
m_ST1 (S
1em| m_573
[ e | 2.6m
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GF_3 Iy, el
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m_IPL GF_4 m_IPL A\ [k IPL/2 k_IPL/2 A\
el GF_5
[ 200kg ||[ m_ST4 [ o ]
. S
1.8m
2.6m Abbrevjation:
[m_CP=200kg_] AP: Active Control Platform
m GF 6 GF: Anti-Geometric Spring Filter
- el IPL: Inverted Pendulum Leg
gl_m i} m_ST6| IPP: Inverted Pendulum Platform
k_IpL/2 1m k_IPL/2 0.7m ST: Standard Stage (simple pendulum)
- CP:Cold Platform
Q 150kg Sensor m. i IM:Intermediate Mass
A ——P=500K £ | 0.7m Mir: Mirror
S k: Stiffness
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Conceptual design

1 -
__ — B -—-l
l/ "y :
e~ e 3 it —_—
ntares I <7 v N | maa —— Marionette ,
E-TEST prototype '
DESIGN REPORT | 2 =) LSS j_
- : I——
The E-TEST Profotype Team® . -
| . Inverted pendulum 4 .
‘ J
‘ |
» ...« = O, '
- L I .
- - Inertial sensors (
e , '
- \/ \/ ; |
- :: : L }4 l’ 1 b‘ N — - =P 8 - ?
=18 4 _« |Radiative cooling [ == 5 y |

Submitted: 12/2021
Revised: 03/2022

Active platform

https://arxiv.org/abs/2212.10083 @
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Active platform
{
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Contact : Haidar Lakkis (ULiege) Precision
i ' I N_ Mechatronics

Low-frequency active Isolation mhlakids@uliege be Laboratory

O]%en and Closed loop transfer function from Actuation in X,Y and Z to inertial Sensmg in X Y and Z
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100 kg test mass & suspension

* Crucial technology aspect for ET: no proven solution exists
* Four machined samples delivered
e Silicon mirror ordered (delivery end of 2024) Marionette

single crystal
Si suspension rods

Al-6061 dummy
mirror

Contact: Alessandro Bertolini (Nikhef)
alberto@nikhef.nl

on Precision h o
[tal_ mechatronics N i k[hef = Interreg B ‘”c}} W UCLouvain 13
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v conventional radiator design with horizontal fins (25K)
v’ three 30-mm diameter optical feedthroughs towards the mirror

C ryo Stat d eve | O p M e nt v" overall dimensions: 1.8 x 1.6 x 2 m3

%; “ ‘ \p‘ PN

«

X
\'
S

(&

Al

Outer cryostat: Inner cryostat suspended and
80K LN2 shield (brown) conductively linked to the silicon mirror
25K GHe panels (green)

Contact: Cedric Lenaerts (CSL)
Cedric.Lenaerts@uliege.be
_— HILCITEY - 8 14
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Cryogenic test benchnwm

— Collimators

Cooldown - Cooldown

- Warmup - Warmup
"~ F230APC

4 o g0
- e
! e . B R
. T

e Closed-cycle cryostat with up to 1W cooling power at 10K E
* Vacuum level: better than 10 mbar

e Usable volume: cylindrical 15x15cm \Q
* Fast turnaround and low running costs e
» Useful for testing materials, components and assemblies Holder temperature (K)

More sensitive to

\-‘Q’ temperature Q
Contacts: Robert Joppe

joppe@physik.rwth-aachen.de g fluctuations
Tim Kuhlbusch

tim.kuhlbusch@rwth-aachen.de
19.09.2024 > HILCIIrCy - 15
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Validation of optical elements in cryogenic conditions

https://doi.org/10.1016/j.cryogenics.2024.103895

[1] Zhang et al, 1997 https://ui.adsabs.harvard
[2] Bajpai et al, 2022 arxiv 2203.10427v1]

— Photodiodes N

Constant improvement of the responsivity

InGaAs ++ without
front glass

2.2pum cutoff
2.6pum cutoff
2.6pum cutoff (without front glass)

Bajai et al. (1.7um cutoff)

Tempe

anr VT
(_I.II.‘ (_.JI_I

vture (K)

300

Contents lists available at ScienceDirect

Cryogenics i-

journal homepage: ww elsevier comiiocate/eryagenics

Characterizing 1550 nm optical components down to 8 K

Tim J. Kuhlbusch ', Morgane Zeoli ', Robert Joppe *, Christophe Collette”,
Thomas Hebbeker®, Joris V. van Heijningen ", Achim Stahl *

be reduced to non limiting bevels in the frequency range of interest.
ETEST (Einstein Telescope Euregio Meuse Rhine Site & Technol.
ogy) [4)° isan i hi ¥ i
far the Einstein Telescope [6]. In this context, a protoype suspension
i being developed, combining passive and active isolation technigues

* Camrespanding autts.

Emall addess 5
! Both masked sathors
* Additisol informatian ean be found in the design eeport [5].

a.de [T.1, Kuhlbuce}.

Avallable caline 15 July 2034
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= ARTICLE INFO ABSTRACT
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Vnieiates sensieiviy, especlally a frequencies below 1DELz. As most themual naise sources scal with the square root of
= 1+ Copoperica the temperamare, cooling criticsl apticsl componcats and thelr suspession system is ciscanial. This slso sequires
o & T wides range o tempeemia: corpedbii sl echacioyy deployed I he ot scgerion s
N L " o inerual . scrup for b light sources and
F e ight intensity sening for temperarares from 300 to 12K Commereial colimators and fibers were tesied 1o use
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g~ i ot of st s e s e a0 e et 198
+~ 0.8+
7. 1. Introduction for 2 100 kg silicon mirroe enaled down radistively below 25 K in 2
ot suspended cryostat.
— ic isolati fr highly inertial
-] Over the past decade, several ground-based observatories have been o, of the isplation chain 1 monitor it efficiency. This is especially
5 Gperating to capture gravitational waves. Carrcnt instruments can de- oo e oo Fthe o ibration easling
_— tect gravitational.wave signals with frequencies higher than 10H2 (121 oyery The sensars dose to the misror must be capable of operat.
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Assembly of the prototype

/W05

ADVANCED MECHANICAL & OPTICAL SYSTEMS
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Final installation at CSL
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300

T T | T , i Contact :Cédric Lenaerts (CLS) CS
- cedric.lenaerts@uliege.be L
Mirrar V
m—— Suspended cryostat J

Lionel Jacques (CSL)

230

After integration of outer cryostat

1 H Cold Platf . _
22K achieved in 18days Raveebe f ljacques@uliege be
including LN, shield and GHe panels

200 * Sink @16K (recirculating GHe)

* Black-paint emissivity >60% @ 22K

130

Temperature [K]

100 dotted line

= correlated model

D 1 | | 1 | |
Mov 25 Mov 28 Dec 01 Dec 04 Dec 07 Dec 10

Dateftime [UTC] 2023
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E-TEST becomes CRISTAL
Summary @ plan

e 1st run: Fully assembled prototype combining
* 100 kg test mass
* Low frequency seismic isolation
e Radiative cooling strategy

e Currently:
* 100kg Si mirror being polished
* Improvement of sensor, control strategies
e Si suspension design
* Preparation of Q & T experiments

e 2" run in the new chamber in 2025

https://www.etest-emr.eu/
1609904 NEEP//Www.pmlab.be/ g interreg
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