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ETEST: Einstein Telescope EMR
Site and Technology

Haidar Lakkis
Onbehalfof Precision Mechatronics Laboratotyl{iege

VAVAVAVAVAVAVA'
VAVAVA 'ATAVAV

HmiteIrcy

Euregio Meuse-Rhine  cturopean union
European Regional Development Fund

20.09.2024




20.09.2024

ETEST objectives

A Large mirror(100 Kg)
A Cryogenic temperaturél0-20 K)
A lIsolated 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.

\

Niﬁ]mC W UCLouvain @micas Z Fraunhofer
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ETEST: how it started

Abbreviation:
AP: Active Inertial Platform

GAS
‘\H’. GAS: Geometric Anti-Spring

300kg ||| m_1PP IPL: Inverted Pendulum Leg
~~ S~ 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
|_Mar_CP
1.3m
m_CP
400kg
m_IPL=12Kg m_IPL=12Kg
|_IPL=2.8m | IPL=2.8m
|

O Sensor
AN

m_AP=1800kg |

PN
k_AP/2 k_AP/2
;w% CAFY. AP/ Actuator

Hybrid (active + passive) isolation

Liege Space Cente

20.09.2024 > iiterreyg
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ETEST: how it started sdsiauisgete | — T

10?

Hybridapproach = fewer stages

Superattenuator

A GF.0 E
[ 300%g l I m_IPP ] — 1|_‘.|"5
g K_1PP/2 k_1PP/2 g 2
=
2.6m| %_
GF_1 =
o <L
el
o ST 1010
2.6 I
Hybrid Appraoch 8 . ws E.TEST-11m (Control off)
v GF_ L s E-TEST-11m (Control on)
GF_0 [ e ]
A b w12 L Superattenuator 17Tm
| 300kg ||[m_1pp | 1015 | |
1PP/2 k_IPP/2,
8/}"- 7 1om " {‘&8 mJPL. 2.6m ."’—”’L 102 107" 10°
ﬁ i Freauency (Hz)
20089 ||| in-STa (e Vertical
Pl m_ST3 . . .
GF 2
-V\‘ 2.6m|
1.8m) GF 4 107 e —
GF_3 B, T el
[ ] m_ST4
m_ST3
12m 2.6m .
m_ IPL. 1.8m st . —— O Zk.IPL/Z kJPL/z§ g =
(e S E 105
200kg m_ST4 | | o
m_ST5 k=]
1.8m £ I
2.6m = m— E-TEST-11m (Control off)
E [ wew=E.TEST-11m (Control on)
oL I Superattenuator-17m
e o esll AP: Active Control Platform =10 |
m_ST6 GF: Anti-Geometric Spring Filter 10
- ey,
4 1PL/2 . : Invel ndulum Platform
o ST: Standard Stage
m_IM CP:Cold Platform -
2 gSensor IM:Intermediate Mass i
- 0.7m Mir: Mirror I
I 21 A 3 I A S 1018 : . \
< 35 m: Mass & " o 3
Y A2 KAPI2S  dyactuator 150kg 10 10 10 10

Fraquency (Hz)

20.09.2024 " iiterreyg
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From a design concept to technical drawings

e o iy
Vibration isolator —— = . - _ T
1) GAS filter , ' ks W
2) Inverted Pendulum (IP) - R — ]a g1
platform . TR - b= b
3) Marionette . | | 5 L
4) IP legs i | |
10) Active platform — —(© -
Cryogenic payload -
5) Heat exchanger and ~ -
cold platform
7) 25K inner thermal shield 5
8) 80K outer thermal shield
10
@
20.09.2024 " iiterreyg 5
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From a design concept to technical drawinqﬁ,_ oo NiK[hof ‘ﬁsL B UCLouvain

Laboratory

Mechanical isolation system

A Active platform is a scaledip redesigned version of the Ham
A First flexible mode above 300 Hz

Contact: Ameer Sider (PML)
asider@uliegéae

AlessandrdBertolini(Nikhef)

alberto@nikhef.nl
p_— iterrey

20.09.2024
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mailto:asider@uliege.be

From a design concept to technical drawings Contact: Coditenaeri{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(20K)

A Three 36mm diameter opticafeed-
throughstowards the mirror

7~

D

N

\

\
\

s %
- ’
%
2.653e+000 z»
_ 2.128e+000 ///;
e Z
I I _ 1.078e+000 //
_ 5.528e-001 ;
2.779e-002 ;
l :
. -4.972e-001 /
_ -1.022e+000 <=
_ -1.547e+000
A Outer cryostat
e (connected to the vacuum chamber): Inner cryostat
alelTgd| 2.969e+000 mm . ' suspended and conductivel
R A 80K LN2 shield (brown) Iinkgd to the silicon mirror y
A 20K GHepanels (green)
L
20.09.2024 3 HiILCIrey - 7
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. . ontact: Anthony Amorosi ( ) o Precision
Inverted pendulum displacement sensing oo aasGugete [yl Mo

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

Homodyne quadrature Michelson

A SubHzresonance A Approx 1 Hz resonance nterferometers

frequency. frequency.
A pm-Michelson optical A pm-Michelson optical A Custom homodyne quadrature

readout. readout. Michelson readout device.

_ _ _ A Subpm resolution.
+ BOSEMSs for DC and relative motion reading. A Long dynamic range (mufiiinge
reading).
+ Additional LVDT reading for redundat
20.09.2024 " iiterreyg 3
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Ultra-cold vibration control MorganeZeol(PML)

morgane.zeoli@uliege.be
Cryogenic inertial sensors

'l UCLouvadain
: csls/

UUT
custom
cryo-chip

A Approx. 1 Hz lea$pring resonanct

frequency.
A Homodyne, frlnge:ountlng optice
readout. N
A SubHz resonance frequency.
A fm differential optical readout
20.09.2024 " iiterreyg
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Mechatronics
Laboratory

ontact: Ameer Sider (PML§edricLenaert{CLS) @% _ Precision
Assemblpf the prOtOtype at CSL gsider@lfliege_bgd (PMLcedrlc.lenaerts@ullege.tGJCSL ’.é‘ P

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

3300kg

20.09.2024 e iiterrey
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Assemblyf the prototype at CSL

A Assembly of the prototype was
finished by the end of November
2023

A Vacuum chamber closed + first run
started

20.09.2024 __<,’.‘
- -‘ E_TEST ':iC‘E‘leH’\ Telescope

EMR Site & Technology

iterrey
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E
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22K achieved in 18days

A Sink @16K (recirculatirgHe
A Blackpaint emissivity >60% @ 22

Contact :CédritenaertC%) CS
cedric.lenaerts@uliege.be L
Lionel Jacques (CSL) J

ljlacques@uliege.be

After integration of outer cryostat

Suspended inner cryostat including LN shield andGHepanels

300 T . ; : . .
Wirror / < ‘x_
= Suspended cryostat 1 =
Cold Flatfomm
Cuter cryostat
250
200 | il I ]
L dotted line = correlated model | |
® 150 i
L14]
[N
£
@
100 _

50
22
D 1 | | 1
Mov 25 Mov 28 Dec 01 Dec 04
Dateltime [UTC]
20.09.2024

Dec 07 Dec 10

2023

-

e F-TEST SR e ooy

HmiteIrcy

Euregio Meuse-Rhine  curoreanunion

European Regional Development Fund

12



Precision
Mechatronics

Contact :Haidar LakkidULiege P [
Laboratory

Lowfrequency active Isolation and preparing for the next run mhlakkis@uliegive

Transfer functions from vertical actuators to their close vertical inertial senso1

LSRR L L | i S AL i
—Act V1 — VINS 1

102k ]
: —Act V2 — VINS 2
= —Act V3 — VINS 3
=
o
<

Angle [deg]

. eecdléoblteve
%
. 26900000000

Coherence [-]

X . Freanenev [Hzl X X X
Transfer functions from horizontal actuators to their close horizontal inertial sensors
ey " e v ]

—Act H1 — HINS 1

ETEST active platform s

A Lowfrequency Active isolatian E
A Locking platform with the ground at low frequency .
usingBOSEMgbelow 0.1 Hz) 0F

A Ground inertial sensors to correct BOSEM signals L

A Inertial control at mid frequencies (0.1 Hz to 10 Hz)
A Virtual sensor fusion at high frequency

Coherence [-]  Angle [deg]

Ll
10°
Frequency [Hz|

20.09.2024 2 imiterreg | 13
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Contact Haidar LakkisULiege ‘i} [ Precision

Lowfrequency active Isolation and preparing for the next run mhiakkis@uliegée aorton
From modelling to experimental data:
20.09.2024 " iterrey 14
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