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A NEW ERA IN GRAVITATIONAL PHYSICS .
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ADAPTED FROM GWPLOTTER.COM BY C. MOORE, R. COLE, AND C. BERRY.
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SEISMIC ISOLATION
. Active & passive isolation

» Various control loops to
* Supress seismic noise
 Dampresonances
« Align the mirrors
* Position the mirrors

Separating Roof ~\

* Limited by local dlsplacement :
and position '
sensor noise ———

Goal: <10fm/rtHz Passive suspension chain

BACKGROUND: THE MILKY WAY GALAXY BY DEREK ROWLEY # . . S . ¥ 30



UH . v
Universitét Hamburg GRAVITATIONAL G ) CLUSTER OF EXCEI-I-ENCE

DER FORSCHUNG | DER LEHRE | DER BILDUNG WAVE DETECT'ON QUANTUM UN|VERSE

COMPACT INTERFEROMETRIC SENSORS

LISA PATHFINDER

- Test mass readout e

) ¥ ' 10X SIZE'REDUCTION EEEEE
30fm/rtHz 10X MORE SENSORS - - EHEEEE
displacement noise : SRR

Armano, M., et al. PRL 126.13 (2021): 131103.
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LISA PATHFINDER

- Test mass readout : o s
y? - 10X SIZE'REDUCTION
10X MORE SENSORS

-

30fm/rtHz
displacement noise

COBRI o
- 10fm/rtHz displacement noise
- . absolute ranging - .

Armano, M., et al. PRL 126.13 (2021): 131103, : ; : A : : o
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G. Heinzel etal.,"Optics Express, 18, 19, (2010) -

COMPLEXITY FROM OPTICS TO DIGITAL . jomsseemsims

K.-S. Isleif et al., PRApplied 12, 034025 (2019)

5 : PO 8 ; R : 3t Gerberding O. etal., Sensors 21.5 (2021)
Deep frequency modulation interferometery DFMI | i * Smetana.etal, PRApplied 18.3 (2022)
: . - A ; Eckhardt T. et al., Metrology 2.17(2022)
06 | spectrum = - ) . EckhardtT. et al., Scientific Reports }4.1 (2024)

Realtime laser-control = #*
& stabilisation '

i(t) = ipc + iac cos (p + mcos (wmt L) 2%

J FPGA & CPU
Estimate parameters 'F.”O'Ces.s”,‘g
from non-linear function in real time * -

BACKGROUND: THE MILKY WAY GALAXY BY DEREK ROWLEY
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G. Heinzel etal.,"Optics Express, 18, 19, (2010)
. 0. Gerberding, Optics Express, 23, 11, (2015)
TEST IN RE LEVANT ENVIRONMENT | : (5. self et ., Optics xpress, 24,2, (2016
: : K.-S. Isleif et al., PRApplied 12, 034025 (2019)
X Gerberding O. et-al., Sensors 21.5 (2021)
| ne rtla | testhd Smetana J. et al., PRApplied 18.3 (2022)

. EckhaArdt T. etal., Metrology 2.1°(2022)
1 L ' ‘ e '! . EckhardtT. et al., Scientific Reports 14.1 (2024)

Weickhardt _
etal. In
preparation

BT
Frequency [Hz)

Demonstrate’performance S

HAM Relay Triple Suspensions
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MACHINE LEARNING FOR PREDICTION & CONTROL

Predict the table motlon (3 DOF) wnth selsmometer -on ground

Can convolutional ne,ural networks outperform (optimal) Wiener .
Filters for such a-mostly linear, mechanical system?? '

On 2024-01-26 from 04:20:00 - 04:20:06 (Test Data)
rth tati = ground, X

5, - tuh 2) i = f{rue table, X
= inference table, Z (<10 Hz)
S ‘WN/\W\NW’\/MWVA/\MNV‘VWWM‘“ - . = NN FFT table, X
1 i = SISO WF table, X

—
[=]

ASD [m/V Hz]

best WF & CNN

-9 1 -
wal oo R ) )
\,\ Ri= v table, Y (<10 Hz) :_ T ———————t v 1 v T
aria I, \,f\/’\\m/\ j/v-\ﬁ,/* g = Coh(Xgng Zean)
_WF time-series prediction 5 ||™ oonXona Xian)
Time [mms ] = =2 l - COh(Xg d: Yta b)
frequeny [Hz] BasalaeV*A. et al, PRApplied (2025)
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By Tjonnie Li, https://indico.nikhef.nl/event/6639/attachments/9753/14692/TjonnieLi.pdf

EINSTEIN TELESCOPE SITES AND CONFIGURATIONS

» There are now three candidate sites for the Einstein Telescope:
Sardinia (Italy), Euregio-Meuse-Rhine (EMR) region (Netherlands,
Belgium, Germany) and Lusatia (Germany)

« Two major configurations are being studied: °

~ 1165 km

«  Triangle/A: 3 co-located detectors (6 interferometers)

»  2L:2detectors on separated sites (4 interferometers)

« The configurations have various implications with regards to
cost, risk, noise, science output and politics

The current goal is to come to a decision on the sites and the configurations around early 2027. Ongoing site
studies are planned to conclude by the end of 2026.

15t detector operation is currently scheduled around the end of 2030s, assuming approval is happening shortly
after site decision.

D:THE MILKY WAY GAL)
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EINSTEIN TELESCOPE IN GERMANY

Forschungsinfrastruktur (FIS)

Priorisierungsverfahren
* The current German government has shown great °
interest in the Einstein Telescope

» A preparatory phase for the Einstein Telescope was
selected for the FIS Prioritisation of the federal
government

200 @ 06 @0

* Weare currently preparing for this funding

* Germany has a very active community and
can play a leading role in the project
going forward
(independent of the chosen configuration)

)\\\ ) ANRRRRR

T R
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CREDIT: :
- GWD GROUP
+ ALUMNI

* COLLABORATORS - .
* FUNDING AGENCIES

UH
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