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Outline

@ Overview on ET-ISB organisation
@ Status in vacuum and cryogenics
@ Presentations of participants

@ Discussion, synergies

@ Summary
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ET-ISB Div. IV: Vacuum and Cryogenics

Division chairs

e Fulvio Ricci, University of Rome, La Sapienza, Italy
o Steffen Grohmann, Karlsruhe Institute of Technology, Germany

Work packages

No Work Package Chairs Institution Country Expertise
IV.1 Tower vacuum Antonio Pasqualetti EGO IT/FR VIRGO vacuum group leader
t.b.d.
Pipe arm vacuum Aniello Grado INFN/INAF Senior GW detector expert Hand led by
Nick van Remortel  University of Antwerp I N FN/N I KH EF_CERN
Agreement
IV.3 Cryostats and cryopumps Christian Day KIT DE Senior expert Large Vacuum and Cryopumping Systems
Roberto Cimino INFN T Senior expert surface lab
IV.4 Cryogenic infrastructure  Steffen Grohmann* KIT DE Professor of refrigeration and cryogenics
t.b.d.
IV.5 Detector cooling Piero Rapagnani University of Rome, La Sapienza IT Senior expert cryogenics
Steffen Grohmann* KIT DE Professor of refrigeration and cryogenics

* Interim until replacement becomes available
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Status of Vacuum and Cryogenics

@ Recent status report: https://apps.et-gw.eu/tds/gl/?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

> O 0 9O

6 21.10.2022 German ET Community Meeting — Mechanics, Cryogenics, Vacuum


https://apps.et-gw.eu/tds/ql/?c=16423

7

s XY O
1) using a high-conductivity material also
for the marionette suspension,
providing low mechanical losses thanks
to the very high Q of crystalline
materials (silicon or sapphire), and
reaching the platforg via soft heat links.

@3000

First possible cooling configuration
(to be tested)

{J

Cryostat Inner Chamber

— Platform

0
max. @1250

Double pendulum
Cryostat Platform (PF)

Marionette

= with Blades

Platform with blades for
vertical attenuation

D O0O-H4Hr>CZ2m-—--H>
D O0OH>rCz2m——+>

Actuation cage
with baffles,.....

Heat links on the screen

21.10.2022

Screen connected to PF
with 3 wires (for angular
control)
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EINSTEIN Second possible cooling configuration
E T ' TELESCOPE (to be tested)

Take advantage of He | flow Capillaries filled of He |l
quantum properties of during the D O O,
He II cool down ——
Double walled tube
. P
He-Il fills the He-ll no made of titanium
marionette suspension macroscopic
flow in the

tube made of titanium,
(relatively high quality
factor @2 K)

steady-state

| X Si/ALO,

Marionette@ ~2 K lo=1m Fibers
do= 8.3 mm

He-ll reaches the so=0.43 mm

platform via a set of

o di, si: adjustable
supply capillaries.
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THE HAMBURG GWD GROUP AT INSTITUTE OF EXPERIMENTAL PHYSICS

Shreevathsa Meenakshi  |eanderG. WETERYA
M.

Andrel DERIEAYA Marcel B.  Christian D.-F.  Oliver G. Artem B. Tobias E.
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Compact interferometers for local test Inertial test facility VATIGrav for testing
mass readout based on Deep Frequency local test mass readout, inertial sensors
Modulation Interferometry (DFMI) seismic isolation and control

Optical Head
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VATI — ACTIVE ISOLATION SELF-NOISE STUDY

v

Active isolation noise prediction experiment
*  4xSTACIS isolators, each includes a 3-axis geophone
* 2xTrillium 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,

(see Artem’s Talk in CSWG, at 16:00 [ ) é
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 MJ

10 10 B ‘15_\'
equ y [Hz]



https://gitlab.com/pyda-group/spicypy
https://dcc.ligo.org/LIGO-G2201532
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Deep-Frequency Modulation Interferometry (DFMI)

Laser modulation Light split Interferometer Phasemeter

fmcd

A

f(t) = fo+ facos(wmt)| f1(t) = fo(f) = fn(t) IDCHAC, T, @),

f?’n = 1kHz fR(t) ~ const + fa (t) po’wer f 1
fa =3GHz contrast ranging
i(t) = ipc + iac cos (¢ + mcos (Wit + 1))
Main features: displacement

- 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

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

COMPACT OPTICAL HEAD DEVELOPMENT
Design with low noise & large range Bber collmator
*  polarization cleaning
* nofiber 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 ]



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

lJ+| L
Universitét Hambur GRAVITATIONAL G ) CLUSTER OF EXCEI-I-ENCE
DERFORSCHUNGIDERLEHRE\DERBILDUNE WAVE DETECTION QUANTUM UNlVERSE

READOUT NOISE AND ALGORITHMS

Fit (heinzel)

DFMI Readout algorithm — rowsarom

Reduction of processing time via new,
arithmetic algorithm

Currently optimizing the dynamic range
of the algorithm

Work towards FPGA version (32 channels)

me per run |
=3

(avg) t

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



https://dcc.ligo.org/LIGO-G2201373
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SEISMIC NETWORK - WAVE WAVE

The Seismic Network

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

—— fibre (underground)
—— fibre (cable tray)
geophone > G F Z
V  seismometer h = ——
seismometer (rotational)

vibrotruck excitation Helmholtz-Zentrum
. Porsbpam

European XFEL: Earthquake from China
0.874°E  OBJ0E OBI8'E  OBB'E  O882°F 0884 O886°F O888°F measured with distributed fiber sensor Channel
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Summary

@ 4 groups present in the meeting
® 2 Hamburg
® 1 Hannover
® 1 Karlsruhe

@ Test facilities

® Small scale (inertial facility commissioned in HH, He-ll 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)

® GEOG60Q0: inertial sensor testing, scattered light, ML for control, guantum noise
® Seismic and sensor network for environmental noise in HH
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Summary

@ Compact interferometric sensors (HH)
@ 10 fm sensitivity
® 102...102 Hz
@ Possible integration in He-Il test environment (or other systems)
@ Test in the 10 m prototype or GEOG600

@ Sensor networks for noise reduction (HH)
@ Optical fiber sensing

@ Wireless accelerometers
@ Modelling
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