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   I use Nikhef 11-m tower design as model
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Controls: Michele Valentini
GWADW Presentation

Damping Controls: Sander Sijtsma
Soon with optimal global control

Mechanics Modelling (FEMTO): 
Robin Cornelissen

As presented in 3rd ET-LF tower meeting (Elba) 

https://apps.et-gw.eu/tds/ql/?c=18082
https://research.utwente.nl/files/480499281/abstract_euspen_final.pdf
https://git.ligo.org/robin.cornelissen/femto
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➢ Based on ETpathfinder cryostat (to be tested later this year)

➢ Pumping via staggered holes

➢ Shield Design for low-vibration sorption cooler

➢ Col*Helium-cooled up to 5m & LN2 cooled up to 22.5 m

➢ Modelled with Vacrysim (by Henk Jan Bulten) 

vacuum and cryogenic simulations, toolkit. (see supporting document for The ET Baseline Detector Layout Taskforce)

➢ Simplified but quite detailed, e.g.
➢ 5000 cooling wires with diameter 0.15 mm

➢ (outgassing) Includes  0.6 m2  Kapton for Cables in cryostat

➢ Including all required holes in shields

➢ Some Suspension Discrepancies
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Reminder of vacryosim results

➢Careful cool down strategy;

➢H2O vacuum goal yields realistic ice growth ;

➢About 1 monolayer per 8 years;

➢Rate dominated by ballistic flow from BS-pipe.

ballistic flow through chamber & tube

https://gitlab.et-gw.eu/et/isb/active-noise-mitigation/vacrysim

https://gitlab.et-gw.eu/et/isb/active-noise-mitigation/vacrysim
https://gitlab.et-gw.eu/et/isb/active-noise-mitigation/vacrysim
https://gitlab.et-gw.eu/et/isb/active-noise-mitigation/vacrysim
https://gitlab.et-gw.eu/et/isb/active-noise-mitigation/vacrysim
https://gitlab.et-gw.eu/et/isb/active-noise-mitigation/vacrysim
https://gitlab.et-gw.eu/et/isb/active-noise-mitigation/vacrysim
https://gitlab.et-gw.eu/et/isb/active-noise-mitigation/vacrysim
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   Now full mechanics and controls model
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     Where cryo-sens/acts helpful?

➢Actuators at mirror (with 
different superconductor?);

➢Damp angular modes 
of the marionette;

➢Active isolation of heat 
link from cryocooler;

➢Inertial sensing on 
platform/cage.



Zooming in

Cryogenic superconducting sensing and actuation
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Cryogenic version of M.B. Gray readout

M. Zeoli found the right components for the cold environment: Kuhlbusch, Zeoli+, Cryogenics 142, 103895 (2024)

Piezo

Polarizing optics allow for all

light to go to the photodiodes

room temperature result from my thesis

see implementation in inertial sensors in M. Zeoli’s LVK Pisa contribution 

original: Optical and Quantum 

Electronics 31, 571–582 (1999)

̴1 mW laser power

https://www.nikhef.nl/pub/services/biblio/theses_pdf/thesis_J_van_Heijningen.pdf
https://dcc.ligo.org/LIGO-G2600169
https://dcc.ligo.org/LIGO-G2600169
https://dcc.ligo.org/LIGO-G2600169
https://link.springer.com/article/10.1023/A:1006991717589
https://link.springer.com/article/10.1023/A:1006991717589
https://link.springer.com/article/10.1023/A:1006991717589
https://link.springer.com/article/10.1023/A:1006991717589
https://link.springer.com/article/10.1023/A:1006991717589
https://link.springer.com/article/10.1023/A:1006991717589
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Superconducting coils for readout and push

JVvH+, J. Appl. Phys. 133, 244501 (2023) from Ferreira+, J. Phys.: Conf. Ser. 2156 012080 (2021)

➢ Sensing and actuation using the Meissner effect.
 JVvH, JINST 15 P06034 (2020)

➢ Preliminary work to understand typical 
dimensions, forces, currents.    
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https://arxiv.org/abs/2301.13685
https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012080
https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012080
https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012080
https://arxiv.org/abs/1909.12956
https://arxiv.org/abs/1909.12956
https://arxiv.org/abs/1909.12956
https://arxiv.org/abs/1909.12956
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Is this new? Partially.

HJ Paik, J. Appl. Phys. 47, 1168 (1976)

➢Bar detectors developed from 1960s-
2010s;

➢Cryogenic operation <1K enabled 
(mostly Nb) superconductive readout;

➢Einstein Telescope operates at 
>5-10 K, so other superconductors are 
needed.

➢ Deposited thin film superconductors, 
such as Niobium Nitride (NbN)

 

Nautilus, cryogenic
bar detector
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Our first coils fabricated at MPI CPfS (Dresden)

R ≅ 0 W

Oct 2024: first superconducting coil!

image credit: Meenakshi Sharma (CPfS Dresden) 

1 cm
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Coil design for thin film superconductors

~1 cm

➢ Besides T < Tc, the superconducting coil should
stay below critical field and current density.

image credit: Veerle Ellenbroek
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Persistent current amplification

➢ Dual coil sandwich configuration

➢ 𝐹~𝐵2 → 𝐵pers ± 𝐵sign
2

=

𝐵pers
2 ± 2𝐵pers𝐵sign+ 𝐵sign

2

➢ Linear position sensor signal, with amplification

DC push           amplified     small
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Can cryogenic SQUID sensors see anything?

credit: Robin Cornelissen
https://git.ligo.org/robin.cornelissen/femto 

10     energy resolution

https://git.ligo.org/robin.cornelissen/femto
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Can see undamped 2.25 Hz and 4.85 Hz mode

2.25 Hz 4.85 Hz
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KAGRA’s HLVIS acts >6 Hz

➢ KAGRA’s heat link vibration 
isolation system (HLVIS) is 
0.7 meter tall; 

➢ Using the same technology,
horizontal (f0 ~√(1/L) length 
needs 11-fold increase for 
1.8 Hz (60% flow,BW) cut-off; 

➢ Actively isolated stages in 
(and under!) cryostat are 
needed using our supercon-
ducting sensors/actuators;

➢ Next step in modelling is to 
attach such stage to the cage 
via HL in our 11-meter tower.

AP

cryostat
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Sensor and actuator can be tested at Nikhef

➢Cryogenic V-cavity experiment funds have 
realized this facility;

➢Instead of V-cavity experiment, we place a 
Watt’s linkage with actuator and sensor;

➢A quiet and cold table allows performance 
tests at the sub-fm/√Hz level > 5-10 Hz.

vibration 
isolation 

thermal
battery

cryostat

quiet, 
cold table
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Sensor and actuator on inertial sensor

sensor actuator

cryo-chip

➢Test setup can also act as 
inertial sensor;

➢Can be deployed in ET 
cryostat and on the Moon.
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kilometre scale array
in arbitrary size crater

1 of 4
seismic
stations

lander/
central
station

example powering:

solar power
and beaming
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kilometre scale array
in arbitrary size crater

What would we deploy in the < 40K environment?

2 x horizontal

21 | 22

JVvH+, J. Appl. Phys. 133, 244501 (2023)
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Bridging the gap between LISA and ET

÷

inertial sensor 
sensitivity

lunar response 
to strain
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Summary

Einstein Telescope need cryogenic sensors for e.g. angular payload 
mode damping or heat link vibration isolation;

Superconducting sensing and actuation can damp differential cage-
marionette modes at 2.25 Hz and 4.85 Hz;

Next: integrating the cryogenics, controls (actuation/sensing) and 
mechanics (compliance, transmission of motion).
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M = mutual inducance
L = coil inductance
I = currents through coils
d0 = distance coil – SC flag
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Analytical model in Matlab (1/2)

➢Infinitely thin wires

➢Based on Biot-Savart law
➢ Divide coil in small segments

➢Calculate magnetic field contribution of all segments

➢Wire width by using several parallel wires

➢Difficult / impossible to simulate superconductor
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Analytical model in Matlab using Biot Savart (2/2)

➢ Coil configuration:
➢0.1 A

➢10 windings

➢.25 cm and 0.75 cm respectively

➢Maximum magnetic field fraction of µT

➢Resulting magnetic pressure is
size µN (or ~10 µN/A)
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Numerical model in Comsol

➢3D model of planar coil

➢Possible to incorporate coil width and 
height

➢Same coil geometry as in analytical model

➢Without sc maximum magnetic field: 0.21 
mT (Comparable to analytical model)

29

Coil

Superconducting
block

Space

Comsol
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Numerical model if 1-coil push actuator

➢Superconducting block (SB) and 1 single coil:
➢10 windings

➢0.25 cm and 1.5 cm inner and outer radius

➢0.1 A

➢Varying distance between SB and coil

➢Possible to include superconductor
➢Magnetic field lines are expelled!

➢Magnetic pressure on superconductor

Sc – coil distance (mm) Force (µN)

2 0.11

1.5 0.24

1 0.53

0.5 1.2
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