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E-TEST : Einstein Telescope EMR
Site and Technology

Anthony Amorosi
On behalf of the E-TEST consortium
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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.

\

Niﬁ\mC I UCLouvain @micas ~ Fraunhofer

ILT
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E-TEST: how it started

Abbreviation:
AP: Active Inertial Platform

GAS
‘\rﬂ’l GAS: Geometric Anti-Spring

300kg| | m_IPP IPL: Inverted Pendulum Leg
~~ S~ IPP: Inve.rted 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
I_Mar_CP
1.3m
m_CP
400kg
m_IPL=12Kg m_IPL=12Kg
| IPL=2.8m |_IPL=2.8m
==

O Sensor
PN

m_AP=1800kg |

N
k_AP/2 k_AP/2
;”%’ _AF/. AP/ Actuator

Hybrid (active + passive) isolation

01.02.2024 > iiterreg
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From a design concept to technical drawings R\L Mecuoenis  NiRKTFof

Laboratory

055 e 'l UCLouvain

Mechanical isolation system

* Production of the whole prototype finished!
* All mechanical parts in production
* Assembly started in Summer 2023

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

01.02.2024 = iterreg
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L

-2,2008+000 mm

. . . . Cedric.Lenaerts@uliege.be
Radiative coolingdesign ¢

From a design concept to technical drawings Contact: Cedric Lenerts (CSL) ‘C'SL

radiation heat transfer for mirror
cooling

* Overalldimensions: 1.8 x1.6 x 2 m3

* Conventional radiatordesign with
horizontal fins (25K)

 Three 30-mm diameter optical
feedthroughs towards the mirror

D

1.291e+000 mm

Y {mrm)
S Z
4
2.653e+000 y
_ 2.12Be+000 j' A
_ 1.603e+000
>
. 1.078e+000 G
_ 5.52Be-001
2,779-002 ";
-4.972e-001
. -1.022e+000
. -1.547e+000
Bl Outer cryostat
PN—— Inner cryostat
STEE (connected to the vacuum chamber): .
U . suspended and conductively
o * 8OKLN2 shield (brown) linked to the silicon mirror
* 25K GHe panels (green)
01.02.2024 - HILCITCY 5
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Ultra-cold vibration control

Precision
[l Mechavonics NiR[hef 6}' W 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, includingthe new ones with bonding flats, sent to Universitadi
Perugia for mechanicalloss 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

01.02.2024 = iterreg
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rres [l -7

E-TEST prototype

DESIGN REPORT

The E-TEST Prototype Team*

*Nikhet, Maastiicht University, Katholieke Universieit Leuven, Universite
Catholique de Louvain, Hasselt University, Vrije Universitelt Brussel,
Fraunholer institute for Laser Technology, RWTH Aachen, Liege Universits,

» % =
o s e

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

01.02.2024

Submitted: 12/2021
Revised: 03/2022
arXiv:2212.10083 -
L : e
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] — ]
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" v — = —©
- . - 2
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https://arxiv.org/abs/2212.10083
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Outline

ETEST in a nutshell

Mechanics and instrumentation
Cryogenic cooling

Optics and laser development

Continuation of work

01.02.2024
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Outline

ETEST in a nutshell

Mechanics and instrumentation
Cryogenic cooling

Optics and laser development

Continuation of work
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Contact: Ameer Sider (PML) Cédr'ic Lenaerts (CFS) CSL o Precision
Assembly the prOtOtype at CSL asider@uliege.be Cedr'c-le”ae"ts@U|'ege-beGI I‘s Mechatronics

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

E Y: o 7

01.02.2024 e iiterrey
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Contact: Anthony Amorosi (PML) P ! Precision

Inverted pendulum displacement sensing Anthony.amorosi@uliege.be Mechatronkcs
oratory
Homodyne quadrature Michelson interferometers Loic Amez-Droz (PML)
lamezdroz@uliege.be
* Custom homodyne quadrature Michelson readout device.
e Sub-pm resolution. o =/;;/
. P . o it
* Longdynamicrange (multi-fringe reading). 1 X [ X 4 Edr Y
X
10.9» T T T T LN B B R R LESR A B B S ALE T T T T T T LTI ] p-polarisation N D
. ——Electronic noise ] i il \/
ADC noise ] U
- - -Theoretical resolution|
1ol ——IPP-IFOs resolution
10
e
>
~_
g
RIS i
Q
EE v ha
1012 VNQW& _
O Viahat
' Winphilaahd g L .
A T T O AR S B = = == -
10-‘]3 i i il i il i il i il i il
102 10”" 10° 10 107 10°

Frequency [Hz|

+ Additional LVDT reading for redundancy
01.02.2024
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Contact: Anthony Amorosi (PML) Y Precision

Inertial sensing of the Active Platform Anthony.amorosi @uliege.be

High resolution, low-frequency, optical horizontal seismometer Loic Amez-Droz (PML)
lamezdroz@uliege.be

T T T T T T T T T T T T T T T T T T

i ——Free mass eHINS
" - - -Blocked mass eHINS

. = a W U x e i 10_12»
* Sub-Hz resonance frequency. 1072
* pm-Michelson optical readout. Frequency [Hz|

+ BOSEMs for DC and relative motion reading.
01.02.2024 > iiterreg
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Contact: Anthony Amorosi (PML) Y Precision

Inertial sensing of the Active Platform Anthony.amorosi @uliege.be

High resolution, low-frequency, optical vertical seismometer Loic Amez-Droz (PML)
lamezdroz@uliege.be

——Free mass eVINS
- - -Blocked mass eVINS

TS T T T T T T T T T T T

h

(WA

Ey v \/\ I\ FEERY l‘ [
: vy e
B
E \m' '
L Lol L L Ll
* Approx1 Hz resonance 102 107" 10°
frequency. Frequency [Hz|

* pm-Michelson optical readout.

+ BOSEMs for DC and relative motion reading.
01.02.2024 > iiterreg
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Ultra-cold vibration control e ouhove be B UCLouvain

Cryogenicinertial sensors
YOB 8 CSIS-V

Voice-coil
actuator

UUU
custom
cryo-chip

e Approx.1 Hz leaf-spring resonance
frequency.
* Homodyne, fringe- countlng, optlcal
readout. N A ‘
e Sub-Hz resonance frequency. |
* fm differential optical readout
01.02.2024 > iiterreg
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Cryogenic test bench

* Closed-cyclecryostat providing up to
1W cooling power at 10K

* Vacuum level: better than 10-° mbar

* Usable volume: cylindrical 15x15cm

* Fastturnaround andlow running costs

* Useful for testing materials,
components and assemblies

Contacts: Robert Joppe
joppe@physik.rwth-aachen.de
Tim Kuhlbusch
tim.kuhlbusch@rwth-aachen.de

01.02.2024

=
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micas ™M

Custom CMOS chips for sensor signal conditioningat
low temperature

%1073 10 pm / 60 nm nMOS transistor

* Measurements data @ T = 5.6 K
—Tweaked model
—Foundry model

35

w

25F

Ip [A]

051

0 0i2 0:4 0.6 UTB 1 1.2

Vas [V]
Major achievement in cryogenic CMOS structures modeling:
faithful representation over the full range of gate-channel
geometries
*  Custom Au-plated parts for photodiode test setup received

FOUNDRY MODEL OUR CRYO-MODEL (SO FAR)
Error* up to 65 % Error*<5.7%

*Maximum current error in saturation and linear region of operation

Contact: Alberto Gatti
Alberto.Gatti@esat.kuleuven.be 15
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Outline

ETEST in a nutshell

Mechanics and instrumentation
Cryogenic cooling

Optics and laser development

Continuation of work

01.02.2024
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Contact :Cédric Lenaerts (CLS)
Contactless Radiative cooling strategy cednclensers@uliceebe ‘J;SL

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 Aluminiumfins

e Lightweightto minimize cooling time B ‘Il ||J| ||J| ||\

* Sized for — IS P

e 250mW heat load |

e 25K with a sink at 20K ——— u Titanium cold platform
g — suspension rods (x3)

LN, thermal shield —[ [ [ 1[I

] T I [

CuCrZr mirror suspension

= ! rods x4
= '
—— 1 g 100kg Al mirror

GHe cooled shroud
With exchanger fins ]

01.02.2024 3 HILCITCY - 17
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Contact :Cédric Lenaerts (CLS)
ZZK achieved in 18days cedric.lenaerts@uliege.be ‘ CSL
Lionel Jacques (CSL)
ljacques@uliege.be

e Sink @16K (recirculating GHe
@ ( & ) After integration of outer cryostat

* Black-paintemissivity >60% @ 22K Suspended inner cryostat including LN, shield and GHe panels
300 T . . T . . i i
Mirrar /
m— Suspended cryostat
Cold Flatform
Quter cryostat
250
200 -
%3
o dotted line = correlated model
T 150 -
L1k]
fu
&
|_
100 i
a0 -
22 _
D 1 | l 1 L |
Mov 25 Mow 28 Dec 01 Dec 04 Dec 07 Dec 10
Dateftime [UTC] 2023
01.02.2024 > HiIlCIrcy
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Lessons Learned & Perspectives

Contact :Cédric Lenaerts (CLS)
cedric.lenaerts@uliege.be
Lionel Jacques (CSL)
ljacques@uliege.be

* Cold-platform to mirror suspension = bottleneck = easier with Silicon mirror
and Sapphire or Silicon suspension

* Heat exchanger modal/dynamicbehaviorto be investigated

* Several waysto further improve low-T emissivity

* Alternative heat exchanger geometry enabling T<15K with sink at 4K (LHe)
and 250mW heat load

External
Helium shroud

Suspended
payload

O Inverted pendulum legs

-

LN2 shield

01.02.2024 ~ ifiterre -
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Outline

ETEST in a nutshell

Mechanics and instrumentation
Cryogenic cooling

Optics and laser development

Continuation of work
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Silicon Mirror Coating

 State of the art:
Noise of amorphous coatings are the main
performance limitation for GW telescopes,
especially the thermal noise

* ETEST approach: single-crystal oxide
mirror coatings
* Current activities
* Setup of Cr,0, thin film thickness set
* More data expected next time

First tests:

* Cryogenic measurements of crystalline substrates

* Analysis of mechanical loss with respect to the
temperature

» Differentlines correspond to different
wave modes
* Preliminary result: Minimum of the loss angle at 40 K
* Originyet unknown, further analysis will follow

* Next step

* Deposit Cr203 thin film on the characterized
substrates and measure new combination

01.02.2024

0.0001 g

1%107°

1x10®

1x107

Loss angle

1x1078

1x107°

Mechanical losses

- Coating: 500 nm Cr203/Al203

1E-04

1E-05 ‘\._k

1E-06

1E-07

Loss Angle

1E-09

mode (0,3)

=@ substrate
= resonator

= coaling L. Mereni et al.

i e il

0 10 20 30 40 60
Temperature [K]
o ; dcoating = 500 nm
- Dilution factor= 0.0034 ~ Assumptions: " " Ta
Ycoating =260 GPa
Ysubstrate = 385 GPa
T T T T T T T T T T T T T T T i lxlﬂ_s E
3 1x108 |
P F
E =)
E c
© 1107 |
L (V)] E
: (0,2) —— o]
(0,3) —»— —
(0,4) —»— %108 |
(05) —=— Rl
(1,2) ——
1 Il 1 1 1 1 Il 1 1 1 1 Il 1 1 1 1 (1!\3) 1 1

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300

Temperature [K]
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1x10°%

Temperature [K]

Contact: Jean-Pierre Locquet
jeanpierre.locquet@kuleuven.be
21



Silicon Mirror Manufacturing & Test ‘g.

CENTRE SPATIAL DE LIEGE

* Experiment purpose | T i

* Characterization ofthe cryogenic mirrors for — - Phase mask
4 ik

GW detectors on operation | "

e Addedvalue I E—

. . A_‘::TE’:‘ r Fr preeT——

* Measurement of local values of vibration and | g e
topology change instead of a single absolute e

value of the full mirror

e Current tasks
* Optical design development

* Custom optical phase mask arrived and
experiments on proof of concept are being
performed

Contact: Jesus Vilaboa Perez (CSL)
jvilaboaperez@uliege.be

01.02.2024 =/f. nterreg PR
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Laser Development

* Requirements:
* High stability, Narrow linewidth
* Wavelength: 2090 nm, Power: 5-10 W

* Approach:

* Solid state laser seed source
(Ring-Oscillator / Non-Planar Ring-Oscillator)

* Two-stage holmium-doped fiber amplifier
* |nternalstabilization mechanisms

* Currentactivities
* Setup of final stages and power stabilization

Contact: Patrick Baer (ILT)
patrick.baer@ilt.fraunhofer.de

01.02.2024

= A E-TEST ERE e 0

~ Fraunhofer

ILT

* Status: Most fiber laser requirements successfully demonstrated
* Output power, spectrum, polarization, ...
* Currentanalysis: Relative Intensity Noise (RIN)

* Holmium-amplifier (Ho1) preliminary results without stabilization
* Low frequencies: High RIN expected
- No thermal stabilization

* Mid frequencies: Good results without stabilization
= RIN @ 100 Hz is app. 10°° 1/VHz
-> Already very close to the projectgoals

* Next steps: Active power stabilization and further improvement of setup

102 T T : - . I
—— Laser Output

100.-

o M

10-8 3 '2 I 1 ID I1 IZ l3 4
10 10° 10° 10 10 10 10 10

Frequency [Hz]

inerreg | 23
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ETEST in a nutshell

Mechanics and instrumentation
Cryogenic cooling

Optics and laser development

Continuation of work
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Preparing the next run at Amos

* Revise the prototype based on the experience
at CSL.
» Sensor robustness.
» Mechanical friction.

* Prepare for the optical test with the Si mass
coming this year.
» Residual stress measurement.
» Temperature measurement.
» Quality factor measurement.

01.02.2024 > iiterreg
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Final validation of the prototype

- detector
mtrigger

a) White ||ght interference signal —» i’ \\ hammer;g O
interferometry a)
: |
(residual stress) lowcoherence  peam spiter, Lo
b) Temperature 1, [
measurement “,@:' |
. U | large
c) Quality factor = silicon
mirror
i :l | b polari];ing/ 7
] ] | eam splitter
Tests at CSL timeline: phase mask —» K A .
. . \ __"*\Y"v\:a«\_ Wﬁk 1550
2023: with dummy Al mirror 5 : laser
] ) ) &:4— fixed reference mirror
End 2024: with 100kg Si mirror
01.02.2024 " HILCITCY - 26
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Contacts:

Prof. Christophe Collette
Christophe.Collette@uliege.be
Anthony Amorosi
anthony.amorosi@doct.uliege.be

Useful links:

TDR

https://arxiv.org/abs/2212.10083
ATTENTION E-TEST Project website

https://www.etest-emr.eu/
PML website
http://www.pmlab.be/

01.02.2024 3 iterrey -
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