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Thermal Gradients in Einstein == i

Telescope

10—21

» Suspension thermal noise 1072
limits sensitivity |
 Einstein Telescope will be
cryogenic |
» Cooling scheme not finalised 0\\\

* Dependent on material |
parameters such as Q Factor -] \
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Thermal Gradients in Einstein == i

Telescope

Platform o—__ §

* ~10K thermal gradient along
test mass suspension

* Studies on thermal noise of Rt 7 | ™ I
oscillators with heat flux (Conti ' o )
2013, Komori 2018) Hageit=. | 17

- Effect on mechanical il

properties of suspension not N \.\ ( LA

fully understood. 10-20 K

Virgo suspension  Koroveshi (2023)
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Mechanical Oscillations in Non-
Equilibrium Thermodynamics

* Mechanical response of %

suspension

 Create thermal gradients in
test mass suspensions

» Exciting the test mass N |
« Measure ringdowns of (Q
suspension ‘
p 3

Thermal gradient

Picture: M. Korobko
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Low Noise Lab Setup
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* Vibration isolation platform
* Active and passive isolation

» Decouples optical table from
seismic background

D. Hartwig, (2024) Mitigating Anthropogenic Seismic Noise
For Precision Experiments In Urban Environments
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Low Noise Lab Setup

PD1 A
Fibre-coupled
|||||||||| PBS
PD2

* “"Homodyne Quadrature

o o 13 L interferometer’-like setup on

;A;’HX s seismic isolation platform

- (4 = .

ion optical table * Interferometer arms in
vacuum chamber
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Homodyne Quadrature
Interferometer

PD1 A — * "Homodyne Quadrature
Fibre-coupled Polarisation Key . y e
jaser input | aes X-Arm < iInterferometer’-like setup
N Y-Arm <> . . .
W — Mixed <—> « High dynamic range, muilti
"R’ ! fringe readout
PDé IIPBB 2‘? NPEP | % / ”LLX 1 ALX — ~1 mm

 — \}:"'/ u X g
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Interferometric Setup

Fibre-coupled
laser input

PD1 QA

PBS1
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' » Two parallel suspensions

* 40 ym Tungsten wire
£
(&)
0

? Suspendec
Test Mass 9.1mm
TM front ™
side

Adapted from: D. Hartwig, PhD Thesis (2024)

W. Vossius - MONET - ET Symposium 27.05.25 9



T
s /a3 Universitat Hamburg

tambu; - DER FORSCHUNG | DER LEHRE | DER BILDUNG

 Excite the test mass
« Sine wave at 5.3 Hz

Suspendec
Test Mass

5.3 Hz

\VAVAVAV
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Quadruple Suspension

-

« Tantalum wrapped
around glass frame
 Heated by current
* Uniform heating of
side of test mass

Suspendec
Test Mass

Heater
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Quadruple Suspension

Thermal gradient
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Temperature Sensors

* Four temperature
sensors

 Measurements at 10K
intervals

* Multiple measurements
per gradient

* Assume stationary
thermal gradient

Thermal gradient

W. Vossius - MONET - ET Symposium 27.05.25 14



I Ml jj.i. . . X3
, [a¥ Universitait Hamburg
Universita eheriamburz DER FORSCHUNG | DER LEHRE | DER BILDUNG

Heating Suspension

28
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Ringdowns

1. Ringdown following excitation
2. Displacement calculated

Ringdown dependent on
Q-Factor of suspension!
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Ringdown example
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Ringdowns

Normalised ringdown example

Ringdown following excitation 1 —— nommalised data
Unwrapped phase calculated ;|
Noise floor subtracted

s wh =

2 0.6 -
| | GJ
Normalisation :
[1v]

2 0.4 1
8

0.2 1

0.0 1

[I) é 1IO 1I5 2I0 2I5
Time [s]
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Ringdowns

Ringdown example

1. Ringdown following excitation :-.‘ unurapped phase
2. Unwrapped phase calculated . — ==
3. Noise floor subtracted s AL ox= e Mt
4. Normalisation :
5. Envelope fitted & 04
0 w
—_ — 0.2 1
—H
In measurements: Q ~ 125 007 | | | | |
0 5 10 15 20 25
Time [s]
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Amplitude [a.u.]
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Ringdowns
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Fouriertransform of Ringdowns

— 10K
— 20K
— 30K
— 40K

excitation frequency

* No change in frequency
spectra of ringdowns for
different thermal gradients

* Higher harmonics due to
non linearities in system,
to be investigated

1071 10°

101t 102 103 104
Frequency [Hz]
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Q Factor

Q Factor

Q Factor
x  Q Factor
150 7 x Mean Q Factor
140 -
> +
130 - 1
120 {
%
110 - i &
100 - %
eq 10K 20K 30K 40K
Gradient
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* Clustering for each thermal
gradient

* Moving away from
equilibrium measurements

20



Q Factor

Q Factor

150 A

140 -
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110 v %

100 A

Q Factor
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»  Q Factor
X Mean Q Factor
—== Linfit, MLF = 9.0
- == No effect, MLF = 10.6

* Clustering for each thermal
gradient

* Moving away from
equilibrium measurements

gl e Q Factor increases with

Increasing thermal gradient

 Maximum likelihood function
shows trend is more likely

w

eq 10K

20K

Gradient

30K

—H
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Conclusion and Next Steps

* Thermal gradients in the
suspension affect its
mechanical properties

* Investigate non linearities
and d.o.f.

* The mechanism and impact
on ET-LF is not yet fully
understood.

« MONET is a first step
towards defining the effect
of thermal gradients.
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Backup slides
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KAGRA ‘.

* Heat link for cooling Seismic vibration
(4]
. . . . . 3
* Heat Link Vibration isolation system f E
o
(HLVIS)
Vo N PR
! o}
10720 |2
10-22: v
= 1072 ~eRy Marionette
= I 1 | ; Recoil *
‘© N ! Vibrati = | Cryopayload| PTC
ﬁ 10-26 !Iﬁii@ ir'! i f 1 TJ R (15 m)
4 | i . , 'l
5 | | —— KAGRA sensitivity (DRSE) | o N R L =Z_I
10-28. _ i . —— Requirement | — ks 5 [
Heatlink Vertical + Horizontal _ o0 o JJ].T
| HLVIS | — = e —
qo-3e T N S | N TS 5 5 I — 0 1 _'=“=”8 8’,‘:
101 10° 10° LS 25
Frequency [Hz] Yamada (2020), Low-Vibration Conductive Cooling of
Yamada (2019), The 5th Kagra International Workshop / The 1st Kagra-Virgo-3G KAGRA Cryogenic Mirror Suspension, Censored PhD thesis
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Heat link in ET

» Heat link in ET probably not 10 T
feasible 10770 ~ STN.ma @ 20K i @ 20K - hetinkon CA

o STN: ma @ 20 K- mi @ 20 K - no heatlink

Strain / (Hz)™"2
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Further effects

Spectra of Equilibrium and 60K gradient

* Increase in resonance . ——
frequency of suspension —— 60K gradient
« Without further excitation 107 \./\‘“
* Not explainable through 1071 L,h'l i

thermal expansion

10—19 i

m?/Hz

 Shoulder earlier Lo-21 4

10—23 4

10—25 4
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Backup slides

10—13

10—15

10—19

10—21

pectra of Equilibrium and 60K gradient
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Spectra of Equilibrium and 60K gradient

—— Equilibrium
—— 60K gradient

10!

frequency [Hz]

102

10°

10

28

10°



2025 spectra of Equilibrium and 60K gradient

10713 4 —— Equilibrium
Backup 2024 Spectrum
10—15 m
10737 ‘M w
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Amplitude [a.u.]

FFT of ringdowns

FFT of Ringdowns
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Yamada (2020), Low-Vibration Conductive Cooling of KAGRA Cryogenic Mirror Suspension
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Koroshevi et al. (2023) Cryogenic payloads for the Einstein Telescope: Baseline design with heat extraction, suspension thermal
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