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Follow http://mail.ego-gw.it/mailman/listinfo 
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ET-ISB Div. IV: Vacuum and Cryogenics

Handled by  
INFN/NIKHEF-CERN 
Agreement
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Recent status report: https://apps.et-gw.eu/tds/ql/?c=16423 


Contents

Tower vacuum

ET-LF cryostat, geometrical constraints

Concepts of cryopumps

Cryogenic infrastructure requirements

Two options for ET-LF payload design and cooling


Suspension thermal noise

Cool-down

Steady-state operation
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Status of Vacuum and Cryogenics

https://apps.et-gw.eu/tds/ql/?c=16423
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O. Gerberding for the UHH GWD group
ET community meeting Autum 2022 21.10.2022

Group overview Hamburg

Credit: The Milky Way Galaxy by Derek Rowley 1
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Compact interferometers for local test 
mass readout based on Deep Frequency 

Modulation Interferometry (DFMI)

Credit: The Milky Way Galaxy by Derek Rowley 3

Inertial test facility VATIGrav for testing 
local test mass readout, inertial sensors 

seismic isolation and control



VATIGrav – active isolation self-noise study 
Active isolation noise prediction experiment
• 4x STACIS isolators, each includes a 3-axis geophone
• 2x Trillium Horizon 120
• Goal: Measure and calibrate STACIS/geophone self-noise in m/sqrt(Hz)

(not available from TMC)

Analysis
• Determine self-noise of geophones with huddle test, uncalibrated
• Use coherence of STACIS/geophones with TH120 to determine transfer 

function and to calibrate self-noise predictions (plot on the right)
• Analysis implemented in, and done via, SpicyPy

(see Artem’s Talk in CSWG, at 16:00 [G2201532])

Ongoing work & next steps:
• Use ground-motion and control model to predict residual chamber motion
• Add passive isolator model to predict residual in-vacuum platform motion
• Extend to 6-DOF model and compare with device performance

Preliminary

https://gitlab.com/pyda-group/spicypy
https://dcc.ligo.org/LIGO-G2201532


VATI
Grav

Photos

(Finally)



Deep-Frequency Modulation Interferometry (DFMI)

Credit: The Milky Way Galaxy by Derek Rowley 

Main features:
- Signal is inherently non-linear and linearized by the phasemeter algorithm/estimator
- Each interferometer (optical head) has only one input beam and can be very compact
- Laser frequency noise is common mode (can be suppressed actively or in post-processing)
- Provides wide-range sensing of displacement & absolute ranging
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O. Gerberding, Optics Express, 23, 11, (2015)
G. Heinzel et al., Optics Express, 18, 19, (2010)

K.-S. Isleif et al., Optics Express, 24, 2, (2016)

Laser modulation Light split Interferometer PhasemeterSignal

displacement

rangingcontrast

power



Compact optical head development

Design with low noise & large range
• polarization cleaning
• no fiber backscatter
• balanced detection
• ghost beam suppression via extended readout 

algorithms 
• on-axis design can operate over and at various 

distances

Status:
• Alignment jig is currently being designed, 

prototypes are being manufactured

See poster by Meenakshi, Wanda [LIGO G2201438]

O. Gerberding & K.-S. Isleif, Sensors, 21(5), (2021)

https://dcc.ligo.org/LIGO-G2201438


Readout noise and algorithms

DFMI Readout algorithm
• Reduction of processing time via new, 

arithmetic algorithm
• Currently optimizing the dynamic range 

of the algorithm
• Work towards FPGA version (32 channels)

ReDFMI:
• Combine DFMI with cavities
• Readout via time-series fit (currently)
• Achieved a readout noise of 3fm/sqrt(Hz) 

in an optical zero measurement 

See poster by Tobias, Leander [LIGO G2201373]

https://dcc.ligo.org/LIGO-G2201373


Credit: The Milky Way Galaxy by Derek Rowley 9

Distributed acoustic fiber sensing networks
Measurement campaign on DESY campus in May 2021
Goal: Prediction of seismic disturbances

Seismic network - WAVE

wave-hamburg.eu

European XFEL: Earthquake from China 
measured with distributed fiber sensor
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4 groups present in the meeting

2 Hamburg

1 Hannover

1 Karlsruhe


Test facilities

Small scale (inertial facility commissioned in HH, He-II test cryostat planned in 
KA, cryo platform available in HH)

10 m prototype in H (10 m interferometer, seismic isolation platform, vacuum 
pump testing, scattered light mitigation, sensor testing, quantum noise)

GEO600: inertial sensor testing, scattered light, ML for control, quantum noise

Seismic and sensor network for environmental noise in HH
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Summary
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Compact interferometric sensors (HH)

10 fm sensitivity

10-2…102 Hz

Possible integration in He-II test environment (or other systems)

Test in the 10 m prototype or GEO600


Sensor networks for noise reduction (HH)

Optical fiber sensing

Wireless accelerometers

Modelling
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Summary


