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E-TEST: Einstein Telescope EMR
Site and Technology
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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.

PLES. (GSL R  kussven

Laboratory

\

Niﬁ]mC W UCLouvain mir:as ~ Fraunhofer

ILT

HmiteIrcy
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E-TEST: 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

)

m_AP=1800kg |

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

Hybrid (active + passive) isolation

Liege Space Center

26.05.2025 ’. \ (] II.EIIE”
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E-TEST: how it started

Hybrid approach = fewer stages

Contact: Ameer Sider (PML)

asider@uliege.be

Superattenuator

5m

-
»

Hybrid Appraoch

DI‘;#’L
| 300kg ||| m_1pP

k_IPP/2 k_IPP/2,
1.8m)
GF 1
[ e ]
ST
1.8m
p =%

12m
m_IPL -
-l e

GF_0

[ 300kgl I m_IPP ]

g k_1PP/2 k_1PP/2, g
2.

B

3

)
3R
wn
3
=

2.6m

i)
ail"
9
N

200kg

m_ IPL. S5 . m_IPL

9
L

N
al
5]
)
0|
d

5]
&

N

8

== N

Q @

3

2

s"

)

W0

i

&"-
k_1e/2\ A\

Nl
ol

1.8m
2.6m
GF_6
e el AP: Active Control Platform
120kg 200kg m_ST6 GF: Anti-Geometric Spring Filter
IPL: Inverted Pendulum Leg
k_IPL/2 k_IPL/2 0.7m IPP: Inverted Pendulum Platform
ST: Standard Stage
Q O sensor m_IM CP:Cold Platform
A\ A\ IM:Intermediate Mass
| m_AP=500kg ] 0.7m Mir: Mirror
— k: Stiffness
- ‘L K AP/22 A m: Mass
>
Y ShAP/2 = S yactuator 150kg

—_ iiterrey

Euregio Meuse-Rhine

e TEST

? Site & Technology

Horizontal

£
— 1[:,'5- |
k]
=
=
=
£
<

1070k _

s E-TEST-11m (Control off)
s E-TEST-11m (Control on)
Superattenuator 17m
“]-1&
1072
Freauency (Hz)
Vertical
107 " —"'jk -—-"'k.-l |x! :
E
E -|D'5 - i
g
S [ e E.TEST-11m (Control off)
E [ wew=E.TEST-11m (Control on)
10 I Superattenuator-17m
10 ™M .
.”]'15 - - \ I
1072 107 1"” 10/
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From a design concept to technical drawings

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

26.05.2025
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From a design concept to technical drawings R\L ;'_{;;s;;gmcs i of ‘ﬁsL B UCLouvaln
Laboratory

Mechanical isolation system

* Active platform is a scaled-up redesigned version of the Ham
* First flexible mode above 300 Hz

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

Alessandro Bertolini (Nikhef)
alberto@nikhef.nl

26.05.2025 __<? iiterreg i
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mailto:asider@uliege.be

. L. . . Cedric.Lenaerts@uliege.be
Radiative cooling design ¢

From a design concept to technical drawings Contact: Cedric Lenaerts (CSL) ‘CSL

radiation heat transfer for mirror
cooling

* Overall dimensions: 1.8 x 1.6 x 2 m3

e Conventional radiator design with
horizontal fins (20K)

 Three 30-mm diameter optical feed-
throughs towards the mirror

-2.290e+000 mm

-1,291e+000 mm

UY {mrm)
.
2.653e+000
_ 2.128e+000
_ 1.603e+000
_ 1.078e+000
_ 5.5328e-001
2.779e-002
-4,972e-001
_ -1.022e+000
_ -1.547e+000
B Outer cryostat
e Inner cryostat
SRR (connected to the vacuum chamber): .
O . suspended and conductively
- * 80KLN2 shield (brown) linked to the silicon mirror
» 20K GHe panels (green)
L
26.05.2025 e HmitCIrcy 7
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. . Contact: Anthony Amorosi (PML) -<u Precision
Inverted pendulum displacement sensing Anthony amorosi@uliege be [1aL_ Mechtorics

High-resolution, low-frequency, optical horizontal seismometer

Homodyne quadrature Michelson
e Sub-Hz resonance * Approx 1 Hz resonance .
interferometers
frequency. frequency.
* pm-Michelson optical * pm-Michelson optical . Custom homodyne quadrature
readout. readout. Michelson readout device.
*  Sub-pm resolution.
+ BOSEMs for DC and relative motion reading. * Long dynamic range (multi-fringe
reading).
+ Additional LVDT reading for redundancy
26.05.2025 " iterrey g
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Morgane Zeoli (PML)

Ultra-cold vibration control o reo@oye.ne WTH

Cryogenic inertial sensors

'l UCLouvadain

Voice-coil
actuator

)i
ndulum
—

inverted pendu

UUT
custom
cryo-chip

* Approx. 1 Hz leaf-spring resonance
frequency.
 Homodyne, fringe-counting, optical
readout. : \"“*
e Sub-Hz resonance frequency.
* fm differential optical readout LB S0 LY e
26.05.2025 - HILCIrcy e
- /] E-TEST E'L*“_u')'i‘bufﬁ.qu Euregio Meuse-Rhine  eurorean union

European Regional Development Fund



Mechatronics
Laboratory

Contact: Ameer Sider (PML) Cédr.ic Lenaerts (CL_S) CSL o Precision
Assembly Of the prOtOtype at CSL asider@uliege.be cedrlc.Ienaerts@uhege.be0/ I‘s

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

26.05.2025 = iiterrey
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CSL ‘) Precision

Assembly of the prototype at CSL W Inl Mechatroric

CENTRE SPATIAL DE LIEGE

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

*  Vacuum chamber closed + first run
started

26.05.2025 _<? iiterreg i
= ofa E_TEST nanessre Euregio Meuse-Rhine eiroreanunion

European Regional Development Fund
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Contact :Cédric Lenaerts (CSL) g
. . dric.lenaerts@uliege.b
22K achieved in 18days e G}L
Lionel Jacques (CSL) .
ljacques@uliege.be
* 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 ' ' 1 [

T T T T /! =)
Wirrar / G Ax_
m— Suspended crvostat
Cold Flatfomm
Cuter cryostat

250

200 1
i3
o dotted line = correlated model
T 150 .
L]
o
£
@

100 —

50 -1

22 —

D 1 | | 1 L |
Mov 25 Mov 28 Dec 01 Dec 04 Dec 07 Dec 10
Dateftime [UTC] 2023
26.05.2025 ot HmiltCeIrcy 12
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: . . Contact : Haidar Lakkis (ULiege) Precision
Low-frequency active Isolation and preparing for the next run mhlakkis@uliege. be ’N\L Mechatronics

P pee—
| i v

°
e
L]
<«
®.
y:
-
-
]
o
°

E-TEST active platform

* Low-frequency Active isolation:

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

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

26.05.2025 fo

= E TEST rrrrrrrrrrrrrrr

Elalhlqu

Laboratory

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

Trdnsfcr functions from vcrtlcal actuators to their cloac \Clthdl inertial senso1
; e ey

Amplitude [V/V]

Angle [deg]
8o ® B
—

Coherence [-]

102 107 10° 10' 10?
Freanencv [Hzl
'I‘r'111<f0r functions from horlzont'll actuators to their cl(me honzontal inertial sensors

—Act Hl - HINS 1
—Act H2 — HINS 2
——Act H3 — HINS 3

Amplitude [V/V]

Coherence [-]  Angle [deg]

10°
Frequency [Hz|

iterrey
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Low-frequency active Isolation and preparing for the next run mhlakkis@uliege be

Contact : Haidar Lakkis (ULiege) P ;recli‘Si;ﬂ .
hh‘ echatronics

Laboratory

O]%en and closed loop transfer function from Actuatlon in X,Y and Z to inertial Sensmg in X Y and Z

Amplitude [m/N]
3

1077 -

—Open loop Act X —> X - -Closed Loop Y —> Y
- -Closed loop Act X —+ X —Open loop Z — 7Z |
—Open Loop Act Y = Y - -Closed Loop Z — Z |,

W r\
R A lf\‘-\ l”* Al
\,\\\/ 11 | ~ 1 |m“
MYV \ \ (Jpepy Y e l
\,I Y 1w S e i qﬁ_‘. : iislu :
r l\ - \ ; ey lntdhdnnabalnl A4 X

v 4 | ‘
.{bl'{'l‘lf { || I' ) :
e i '
107Y L | il | | | | | |
1072 1071 10° 10?
Frequency [Hz]
26.05.2025 iterrey 14
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Full prototype Active vibration isolation testing

IP and suspension chain remounted on top of the AP

MR ! : g 4
AN UNION
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European Regional Development Fund
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Full prototype Active vibration isolation testing

In air results:

* Closing control loops from AP inertial sensors to

Voice coil actuators in the three translational

directions

X direction ASD

1071 . i i . e |

—Control OFF

—Control ON

107" 10°
Frequency [Hz|

26.05.2025

10!

3

e E-TEST HAte s

Y direction ASD

1070

10710 L

1071 4

—Control OFF
—Control ON

L L L i L L L - L L i i i L i 14
107! 10° 10!
Frequency [Hz|
Z direction ASD
e — Control OFF
[ — Control ON
10701 .

1077 L

1071

10"

= I I I L I T— | I I I I I T B

107! 10° 10

Frequency [Hz|
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wy, Precision
Mechatronics
Laboratory

Contact : Haidar Lakkis (ULiege) P
mhlakkis@uliege.be ’

Full prototype Active vibration isolation testing

In vacuum at 1,96 X 10~° mbar

—Act1 to BV1
—Act2 to BV2
Act3 to BV3

Amplitude [m/N]

Angle [deg]
[{=] [{e}
o o o

-180

-
S
N

T( —mr

10’ 102

o

N
-
o

-

Cohergnce [-]
L Ja)
=
)
=

= O

26.05.2025 e iiterrey -
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Contacts:

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

Th a n k yO u Useful links:

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

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

26.05.2025 " iterrey
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