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Einstein Telescope Low Frequency - Test Mass Suspension
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Einstein Telescope Low Frequency - Test Mass Suspension
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Einstein Telescope Low Frequency - Test Mass Suspension
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Einstein Telescope Low Frequency - Test Mass Suspension

The Einstein Telescope Low
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Suspension:
Parameters

Mass: 211 kg

Fibre Length: 1.2m

Fibre Diameter: 3mm *
Substrate Material: Silicon *
Fibre Material: Silicon *
Attachment:
Quasi-monolithic TBD

Fibre Geometry: Necked
TBD

*baseline design

Lo ddod

Frequency Test Mass
Suspension:
Requirements

Low loss materials

Low loss attachment points
High tensile strength

High thermal conductivity
High uniformity

Shaped geometry
Attachable and repairable




Material

A Silicon
. Sapphire

Fabrication

A Crystal Growth
1 Mechanical
ground/polished

Jointing

Jd  Welding
Jd Bonding

Assembly

4 Ears
4 Anchors
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Hasn’t this been solved already?
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KAGRA - Test Mass Suspension
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R Kumar et al 2016 J. Phys.: Conf. Ser. 716 012017
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So what’s the problem?
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14



So what’s the problem?

L O O O O

KAGRA requirements # ET requirements

High tensile strength: Existing crystalline fibres are not strong enough for the
heavier ET-LF mirrors

Low Loss Fibre Materials: machined sapphire or silicon rods have poor surface
qguality and this impacts mechanical loss (and strength)

Low Loss Attachment: Additional HC or Indium bond attachments add more
loss terms

High Thermal Conductivity: requirement to extract heat and keep operating
point below 20K sets a diameter requirement on the fibres

High Uniformity: machined rods exhibit diameter variations leading to splitting
of suspension modes.
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Collaborative approach to find a technological solution
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Collaborative approach to find a technological solution
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Collaborative approach to find a technological solution
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Collaborative approach to find a technological solution

ET Test Mass Suspensions (LF)
Work Package
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LIGO, Virgo KAGRA Suspensions Groups

Einstein
Telescope
Design

Einstein

LF Detector

20



Collaborative approach to find a technological solution

ISB Workshop LAquila - Oct 2022

Silicon Workshop Maastricht - April 2023
TMS-CO Workshop Glasgow - Oct 2023
MAD 2024 Warsaw - Nov 2024

MAD 2025 Berlin - Oct 2025

(in addition to many telecoms and ET Sympossia and Annual Meetings)
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Characterisation

It is iImportant that real suspension elements samples are tested on well
understood and calibrated machines with common methods.

400 Q 2 Clamp with Clamp

i ist emperature internal  temperatur
— h aflice l Loss res;lsl " sensors Ty and T3 jndium coil  sensor Ty
d  Bulk
[ Surface
d  Weld + Bond
Tensile strength <
Thermal
conductivity ——— ) _ ) .

Copper  Weld 1 mm Clamp o 20 o). 80
G eomet ry clamps  point sapphire heater
sample H,

Crystallinity

_ _ Thermal conductivity = Example of crystallinity and
Tensile strength testing measurement profile characterisation
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