AV VAVAVAVAVAVAVAVAY = AVAVAVAVAVAVAVAVAVAVA VAV.VAVAVAV,

A AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY  VAVAVAY VA
AVAVAVA. AVAVAVAVAVAVAY VAVAVAVAVAY VAVAVAVAV.

A VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA. VAVAVAVAVAVAVAVAVAVA
VAVA AVAVAVAVAVAVAVAVAVA AVAVAVAV.VAVAVA. VAVAVAVAVA AVAVAVAY,

AVAY VAVAVAVAY VAVAVAVAVAVAVAVAV VAVAVA VAVAVAVAVAVAVAVAVA
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA, VAVAVAVAVAVAVAVAV.
AVAV VAVAVAVAV VAVAVAVAVA AVAVAVAVAVAVAVAVAVA, VAVAVAVAVY VAVAVA
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAV VAVAVAVAVAV = AVAVAVAVAVAVAVAV,

VAVA VAVAVAVAVAVAVAVAVA'Y AVAVAVAVAVAVAVAVA!
VAVAVAVAVAVAV VAV VA  VAVAVAVAVAVAV VAV AVAVAVAVAVAVAVAVAV:
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E-TEST: Einstein Telescope EMR
Site

Mayana Teloi on behalf of the Precision Mechatronics Laboratory — Uliege
LGWA —17/09/2025
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et

= Large mirror (100 Kg)
= Radiative cooling

= Cryogenic temperature (20 K)

Isolated at low frequency (0.01-10 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.

Precision CSL I‘WIH r_ |ill.l:ﬂll=5 -
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From a de51g
concept to
technical
drawings

= Large mirror
(100 Kg)

= Radiative
cooling

= Cryogenic ?‘,i{é

temperature

(20 K)

= |solated at low
frequency
(0.01-10 Hz)

= Compact
suspension
(4.5 meters)

- 3 GAS filter
_. Inverted Pendulum (IP) — , i e
platform , s

Marionette

. I:rl d\ IP legs

L—:—"_\ Inner thermal
' shield

\ Cold platform

Outer
thermal
shield

e

Active
Platform




Contact: Lionel Jacques (CSL)
ljacques@uliege.be

Interlacing fins to increase the radiative heat exchange area (80m? for E-TEST, ~500m? for ET).
Inner cryostat linked to Si mirror, outer cryostat connected to the vacuum chamber
« Emissivity enhancement at low temperature (coating)

Inner Cryostat

Outer Cryostat

Cold platform

Cryostat He (cold)

COATING
oper
ngineering

(,,:/ / - | 5
C’/) EQE;_EEH (k k(-:/mq worr =f=jf= WUCLouvain 1 2>< CMecasoft G-SL



Cryogenic Temperature (20K)
|Assembly of t_h,:bliototype
was finished by the end of

!November 2023
5&

W Vacuum chamber closed + o
- first run started

Contact :Cédric Lenaerts (CSL)
cedric.lenaerts@uliege.be

Lionel Jacques (CSL)
ljacques@uliege.be

G*

Termperature [K]

300

1st run at CSL 2023

Mirrar

Suspended cryostat

Cold Platform
Cuter crvostat

o,

“1\ 22K achieved in 18days |

150

100 Hf

50

22 i

|

Mov 25 Mow 28 Dec 01 Dec 04 Dec 07
Dateftime [UTC]

- Perfect environment to validate

Dec 10

technologies for lunar missions !



Isolated at low frequency, Je—==="
(6.01-10 Hz) } =

The interferometer remained aligned
from room temperature to

\ Long-range
~  interferometric readout
+ LVDT reading

Anthony Amorosi (Uliege) )
Anthony.Amorosi@uliege.be W' UCLouvain



Cryogenic highly sensitive inertial sensors

Develop and validate cryogenic
compatible inertial sensors with a

sensitivity of 1 x 10~1* m/vHz
from 1Hz at 20K

Ground Motion HINS
= Control on best commercial /custom
JvH thesis = Cryo-H Resolution

tal displacement (m/+/Hz)
o

atform horizon
o
o

—_—

o
L
N

- Morgane Z -
~morgane.zeoli

107! 10° 10 102 Open-loop homodyne quadrature
Frequency (Hz) interf. readout

Cold pl
S



Low-vibration cryogenic testbench

Target 10 - 20 K
temperature
Cooling power 1 WatdK

Vibration level

— 10 nm RMS in [0.01-10]
Hz

CS210-GMX-20B

cryocooler (cold head) \

Decoupling  Cryocooler cold head

- 10 nm/J/Hz from 0.1 Hz
- pm/JHz level from 3 Hz

Volume

Host 3 sensors (20x20x20cm)

support (ground)
Rubber bellow

Vacuum chamber

External thermal
shield (45-77K)

I—I _|I:I|J

> Soft OFC

thermal braids <

Sensors in the ~_
testing environment

PCTFE blades

500
mm

(30 mm)

N

Active platefrom =

Morgane Zeoli
morgane.zeoli@uliege.be



Isolated at low frequency
(0.01-10 Hz)

Full prototype Active vibration isolation testing

In vacuum at 1,96 x 10~ mbar

Open loop transfer function from vertical actuators to collocated vertical

2 BOSEMs |
1 E | ‘ Y s I R ‘ I—Alct1tolBV13
B — Act2 to BV2
— \ _JJ\\I\ \ Acts to BV 3
£ 100k " ,y/’,\ W / | 4
s aElaEal :
02 IP p W’"’ 'W'?"l"’"j
< F . | 1 3
i GAS Filter AP modes M | i
-4: | I I [ L ]
1010'2 107 10° 102
= 180 ' = ' e 1 |‘, w
§’ 90 -
S I S M _W HEREE
g \ T \ ‘r’"'r R
-180 = . W' . | : =
1072 10° 102
= ' )i W pre—serr— wvﬂ-r—w
9 |
Eo_s/ N v_w Contact : Haidar Lakkis (ULiege)
% m mhlakkis@uliege.be
© o ' : on Precision
1072 101 10° 101 10?
Frequency [Hz] I N_ Mechatronics 9

Laboratory



Isolated at low frequency
(0.01-10 Hz)

Full prototype Active vibration isolation testing

X direction ASD
o o e G

In air results: Closing
control loops from AP
inertial sensors to :
Voice coil actuators in
the three translational
directions

10771

1010 L

101 |

" [—Control OFF
— Control ON | L

e I L L L ! L L |
10! 10°
Frequency [Hz]

" [—Control OFF
—Control ON

7 direction ASD
i

1071 & i 1 ; ; e ] i ; I S S =
107! 10" 10!
Frequency [Hz|

Contact : Thomas Giordano (ULiege) Contact : Haidar Lakkis (ULiege) 10

Thomas.Giordano@uliege.be

mhlakkis@uliege.be



E-Test: Experimental facility
RoadMap

™ 2023, prototype assembled and tested:
Suspension for 100 kg
Instrumentation developed
Radiative cooling validated

] 2025: installation at CSL

Etest

Precision
Mechatronics

n L] Laboratory
wl s

Shaker

d 2026: R&D @ cryogenic temperature
- Active Isolation & control development
- Inertial sensors development
-  Newtonian Noise subtraction techniques

11
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Contact: Morgane Zeoli
Morgane_zeoli@uliege.be

Horizontal cryogenic inertial sensor

|\/|0n0||th|ca||y : Frame D —— j_lo.uéﬁ;]""".""""""""._’ |nterferometr|c read_out
suspended IWT(tt SI— ; \

Ti6Al4V proof- inkage leg L.

Mass (p-po)

(0.68 kg) - .| o *
Shielding-magnets | 3 = ' - -
voice-coil actuator e P o/l = Sl % p
Closed-loop homodyne —
interferometric readout )

an |'
L L -
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4w .
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Contact: Morgane Zeoli
Morgane_zeoli@uliege.be

Vertical cryogenic inertial sensor

Inertial mass (AISI)

<P

Leaf-spring
suspension (BeCu)

x X XM X 1 N
1 ol |
g A 24+

olarisation ™ v p

N
L=

Double-clamped
blade hinge (BeCu)

&

Cryo-V

Homodyne quadrature IFO for
parallel R&D and comparison
with homodyne architecture

Open-loop homodyne
quadrature
interferometric readout

y

X
£ S

LU £t
i ,‘%% ot Frame (Al)
i 15092025

dlescops | Euregio Meuse-Rhine
damed. . e European Regional Development Fund




Morgane Zeoli (PML)

Ultra-cold vibration control o esi@aose.ne TWTH

Cryogenic inertial sensors

'l UCLouvadin

Voice-coil
actuator

)i
ndulum
—

inverted pendu

UUT
custom
cryo-chip

* Approx. 1 Hz leaf-spring resonance
frequency.
 Homodyne, fringe-counting, optical
readout. (M
e Sub-Hz resonance frequency.
* fm differential optical readout
25.09.2025 > iiterrey

- /] E-TEST Eneln Telescope Euregio Meuse-Rhine  curoreanunion

& Technology .
European Regional Development Fund



Displacement measurement

e First tes'F of the_hpnzoptal sensor assembly in 100K: 88.8% & 88.2%
cryogenic condition with E-TEST 30K: 87.18% & 88%

* The interferometer remained aligned from room
temperature to 22K!

100K: 47.5% & 33.29%
30K: 42.64% & 27.57%

“Anthony Amorosi
| Anthony.amorosi@uliege.be



mailto:Anthony.amorosi@uliege.be

Christophe Collette (PML)
AS sen b-l_y O'F t h e prOt Oty pe a_t CS L Christophe.Collette@uliege.be

Cédric Lenaerts (CLS)
cedric.lenaerts@uliege.be

=y

Teamwork makes dreams work!!!

Precision
Mechatronics 18
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« S/ monocr/stalme

Large mirror (1@@ Kg)

-
=
=
=

T
T — Iil

B
=
g
\ - =
|
:

=

N iE Aaminil e

v ears
& _screwed on

| the test
Y Si suspension + surface treatment

| y . Characterisation
TR Ny - A (traction tests + inspection)
100 kg painted in black ET Fiber project
U UNICAM - PHYSICS DIVISION
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