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Why cryogenic inertial sensors

Kagra (2022)

~=/= . ETEST(2023)

Einstein Telescope (2020)

Einstein
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Need for a highly
sensitive cryogenic
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Cryogenic payload
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Highly performant
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Star-configuration array
of seismic station in a
40K environment


https://doi.org/10.3390/galaxiKagra
https://doi.org/10.3390/galaxiKagra
https://docs.ligo.org/voyager/voyagerwhitepaper/main.pdf
https://doi.org/10.1063/5.0144687
https://www.einsteintelescope-emr.eu/wp-content/uploads/2024/05/ET-0007B-20_ETDesignReportUpdate2020.pdf
https://iopscience.iop.org/article/10.1088/1361-6382/ace230/meta
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Goal and I‘equ1rements Monitor residual motion at the last
- isolation stage, in the cryostat
-
=4 E-TEST is a prototype suspension, combining passive Develop and validate cryogenic
and active isolation techniques, of a 100 kg silicon mirror compatible inertial sensors with
cooled down radiatively to 25 K in a suspended cryostat a sensitivity of 2 x 10~1* m/vHz
L from 2/3 Hz at 20K
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https://difusion.ulb.ac.be/vufind/Record/ULB-DIPOT:oai:dipot.ulb.ac.be:2013/317532/Holdings
https://difusion.ulb.ac.be/vufind/Record/ULB-DIPOT:oai:dipot.ulb.ac.be:2013/317532/Holdings
https://dcc.ligo.org/LIGO-G2502591
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Vertical cryogenic inertial sensor
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Leaf-spring
suspension (BeCu)
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https://doi.org/10.1016/j.sna.2025.116540

Challenges related to cryogenic temperatures

» Gravity-compensation spring (leaf-spring):
Unperfect gravity compensation because of the
temperature dependency of the spring material
properties (CTE + E) ’

Careful choice & design
+ Experimental validation

_, Interferometric readout e
« Components misalignment due to CTE mismatch
» Optical properties temperature dependency
(polarizing elements)
« Non-compatibility of electrical components (PD)

CTE: coefficient of thermal expansion
E: young modulus
PD: photodiodes



Methodology

Selection an
validation of the
cryogenic
compatibility of

subcomponents

LLow-vibrati
cryogenic
testbench
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Operation in
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of the vertical inertial
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— Critical optical elements validation

— Collimators
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https://doi.org/10.1016/j.cryogenics.2024.103895
https://doi.org/10.1016/j.cryogenics.2024.103895
https://arxiv.org/abs/2203.10427v1

Alignment quality figure of merit:
Fringe visibility (FV) of the raw fringes measured
by each photodiode
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— Alignment & compatibility
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Inertial mass drift (mm)

Gravity-compensation spring (leaf-spring):
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Opposite temperature dependency of E
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compensate the expected drift
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A University

Sensor validation at University of Glasgow (IGR) of Glasgow

VIA VERITAS VITA

m
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A multistage seismic isolation system providing passive vertical and longitudinal isolation for the test

mass cavity to reduce seismic noise to a level where the cavity can be locked and thermal noise can
reasonably be investigated (ET-0279A-25)

B Witness sensors: Guralp +

=5

Vacuum tank Cernox T
sSensor
50K shield
. — Measure the vertical vibration induced by the vacuum
Prestabilized :
laser input and cryogenic systems on the cold plate
— Validate the Cryo-V in a large-scale cryo environment



https://apps.et-gw.eu/tds/?call_file=ET-0279A-25_CryogenicInstrumentScienceDeve.pdf
https://apps.et-gw.eu/tds/?call_file=ET-0279A-25_CryogenicInstrumentScienceDeve.pdf
https://apps.et-gw.eu/tds/?call_file=ET-0279A-25_CryogenicInstrumentScienceDeve.pdf
https://apps.et-gw.eu/tds/?call_file=ET-0279A-25_CryogenicInstrumentScienceDeve.pdf
https://apps.et-gw.eu/tds/?call_file=ET-0279A-25_CryogenicInstrumentScienceDeve.pdf

Sensor operation at 5.17 Kﬁ(

The sensors are
properly operating
down to 5.17K

The 2 Cryo-V output signal have a coherence
close to 1 in the 0.01 — 100 Hz range
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L .b . b h Target temperature | 10 - 20 K
ow-vipration cryo testbenc Cooingpower  [1WataK
Combination of Vibration level - 10 nm RMS in [0.01-10] Hz
resolution passive and active - 10 nm/Hz from 0.1 Hz
isolation - pm/VHz level from 3 Hz
Volume Host 3 sensors (20x20x20cm)
<€ 9 S =T
Cryocooler support - il — —
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gHe-filled heat — L /AT
exchanger o) | &/

Vacuum chamber ' {1 7
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thermal shield ) \ T \:\/\"‘/\\ﬁ// , 21 i

Soft OFC thermal braids«—{—* B E :
\\\ :i , 500
€ P Y : mm
High-emissivity paint
PCTFE blades — —
ML : ” : ! Suspension Geophones (custom
and actuator Theta from GaiaCode)



First measurement of the sensor resolution at 19K

Decentralized control in local coordinates
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Conclusion and next activities
4

v' We have redesigned and
adaptated of state-the-art
sensors to cryogenic
conditions

Validated the cryogenic
compatibility of sub-
components (Kulbusch, Zeoli et
al (2024))
Validated the operation of
the vertical cryogenic
inertial sensor at 5K

23

Horizontal
cryogenic inertial
sensor

2

Integration in large

Low-vibration
facilities (E-TEST)

* cryogenic testbech

Experimental /4
measurement of

resolution

4



https://doi.org/10.1016/j.cryogenics.2024.103895
https://doi.org/10.1016/j.cryogenics.2024.103895
https://doi.org/10.1016/j.cryogenics.2024.103895
https://doi.org/10.1016/j.cryogenics.2024.103895
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Noise budget
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I Vertical cryogenic inertial sensor
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B. Ding, G. Zhao, J. Watchi, A. Sider and C. Collette, “An interferometric inertial sensor for low-frequency sensing,” Sensors and Actuators: A. Physical 335, 2021.



Cryo-V experimental noise budget RT (Lab)

« Sensors signal recorded during the nigh (from 23h-5h)
» As expected, two orders of magnitude are subtracted

* The slope at low frequencies is quite steep... (15um drift?)
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Cryo-V in ETEST isolated environment (RT)
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— Alignment & compatibility

Alignment quality figure of merit:
Fringe visibility (FV) of the raw fringes measured
by each photodiode
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& of Glasgow

M University

Cold plate vibration level

* Measurements conducted in various configurations to have a wide dataset for the design of the cavity suspension
* The only influence of the time of the day is between 1 and 10Hz

« The cryocooler vibrations impact low frequencies only via the pressure cycle resonance frequencies at 1.4Hz and
its harmonics and higher frequencies

Cryo + vacuum
Microseismic peak Human activity equipments
A A A
( I W [ - Y )
: Pressure cycle in cryocooler ]

/ at 1.405Hz and harmonics . ]
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Active 1solation

From X3 to:
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