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New observatories or upgrading existing facilities?

Ground-based GW observatories are currently being upgraded. Project
pans exist up to the O5 observing run, planned for 2025-2027.

Discussions have started to plan further upgrades of existing detectors in
the post-O5 period.

However, eventually the benefits of such upgrades will be limited by the

facilities (length of the arms, space in the building, environmental noise
of the site, paging material)

New observatories hope to use much greater arm lengths, which is not
possible in the current locations.

New locations allow potentially joint observation by a network of 3G and
2G detectors.
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The case for future GW observatories

Previous Farthest galaxy
record holder Hubble has seen

Redshift (z)
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Early star formation, primordial black holes, seeds of supermassive black holes, standard-sirens to
measure Hubble constant to much earlier ages ...

[Credits: NASA, ESA, P. Oesch and B. Robertson (University of California, Santa Cruz), and A. Feild (STScl)]
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Einstein Telescope timeline

The Einstein Telescope is planned as a large underground facility with a 50+ years lifespan.

e 2010 ET conceptual design completed

e 2020/2021 Design update, forming the ET collaboration, ESFRI approval
o 2021- 2025 stagewise technical design updates

o 2021-2024 detailed site characterisation, refine cost evaluation

o 2024/2025 Site selection

o 2026 Full technical design

e 2027 Infrastructure realisation start (excavation, ....)

o 2032+ installation / commissioning / operation
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| Einstein Telescope -~
Conceptual Design Study B - | T —
S 3 R ‘Design Rep’(rt Update 2020 .

Einstein gravitational wave Telescope O

ET Steering Committee Editorial Team
released September 2020
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https://apps.et-gw.eu/tds/ql/?c=15418

ET Steering ET Collaboration is forming and organising
Committee more than 350 members in new collaboration database

Specific Boards

SPB OSB ISB EIB
Site Preparation Board Observation Science Board Instrument Science Board E-Infrastructure Board

Site Studies Fundamental Physics On-site

Suspensions

Infrastructure

Environmental studies Cosmology

Distributed

- - Optics :
Population Studies P infrastructure

Geophysical studies

Multimessenger Obs.
Data management std. Interferometer Software &
frameworks

Analysis tools and data Synergies with GWDs

comparison Vacuum and
Nuclear Physics :
Cryogenics

SUOISIAI(]

Detector Optimisation

Transient GW Sources ] ]
Active Noise

Community relations 4 _
Waveforms Mitigation

Costs and socio-

economic impact Scientific potentials ... Infrastructures

Legal Data Analysis Platform
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https://gwic.ligo.org/3Gsubcomm/documents/GWIC_3G_R_D_Subcommittee_report_July 2019.
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sideview
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for clarity
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ﬁolours for subsystems:

Core optics, coatings
Light sources

Quantum Enhancements
Auxiliary optics

| Sensing and Control

Cryogenics

™~

Seismic Isolation & Suspensions
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Einstein Telescope

design

Parameter ET-HF ET-LF

Arm length 10 km 10 km

Input power (after IMC) S00 W 3W

Arm power 3MW 18 kW
Temperature 290K 10-20K

Mirror material fused silica silicon

Mirror diameter / thickness  62c¢m /30 cm 45 cm/ 57 cm
Mirror masses 200kg 211kg

Laser wavelength 1064 nm 1550 nm
SR-phase (rad) tuned (0.0) detuned (U.b)

SR transmittance 10 % 20 Y%

Quantum noise suppression freq. dep. squeez. freq. dep. squeez.
Filter cavities 1%X300m 2%1.0km
Squeezing level 10dB (effective) 10dB (effective)
Beam shape TEMqo TEMqo

Beam radius 12.0cm 9cm

Scatter loss per surface 37 ppm 37 ppm

Seismic isolation SA, 8m tall mod SA, 17 m tall

Seismic (for f > 1 Hz)
Gravity gradient subtraction

5:10710m/ f?
none

5-107"0m/ f?
factor of a few

Laser
1550nm

N\

ETM

Y-arm

IT™M

PRM

Eﬂ

Squeezer PD

S R

ET

Low Frequency

Filter cavity 2

~

ﬁ'" 1064 nm beam

X

g\ = | 550 nm beam
[] fused silica optics

[] silicon optics
. _J

Laser

1064nm
Filter cavity
[l
PD A
HDH Squeezer
N

ETM

Y-arm

ITM

PRM

Eﬂ

ET
High Frequency

Optical element,
ﬂ Fused Silica,
room temperature

Optical element,
Silicon,

cryogenic

squeezed light beam

Laser beam 1550nm
Laser beam 1064nm
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New special focus: noise at low fregencies
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R&D example: advanced seismic sensors
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Strain noise [1/

Underground and low noise

Seismic Newtonian noise (NN) Acoustic NN Low-noise environment
----- On Earth surface without inside building contribution

_20 : | E On Earth surface with inside building contribution
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ET is planned >200m underground. Atmospheric NN cancellation We must create a low-noise
Further mitigation of NN from would be extremely challenging infrastructure. If KAGRA can do it
seismic surface and underground due to lack of a good monitoring (not creating excess noise in the
fields might be achieved with noise system. ET can avoid it by going NN band), so can the Einstein
cancellation using arrays of underground! Telescope.
seismometers. -
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R&D challenge

Scaling challenge: substrate (ET-HF silica / ET-

example: Optics

_F silicon) of 200 kg-scale with required purity and

optical homogeneity/abs. is a challenge, anc

Advanced LIGO — 40 kg / ET 200 kg

coating challenge.

Absorption of “best 45 cm” MCZ Si: 1.5um
Stanford/Glasgow/Berkeley/Caltech 2019
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Coatings: major challenge over recent years: coating solutions often either satisty thermal
noise requirement or optical performance requirement - not both.

Progress towards first scalable design for ET-LF, however ET-HF target not met.
Fused silica
) w1 E™™ optscal substrate Zincblende
PHYSICAL REVIEW LETTERS 38.5-period unit cell
0s AIGaAs DBR

Hghlights  Recent Accepted  Collections  Authors ’A ’

eaires i oien [l Gotars Sovecion (,,,°,° ~llsro¥isaeoss ”;’,",m e “E- ' l . (\ l ’

I‘,\Airr?r Coating Scﬂutioh fcr the (’iryogenif Einste‘n Telescopel R T @ ‘ ‘ .

. A 0 s ey e Wocion A Hough - Coystatine.

v-'-,'t, Rev. Lett. 122, 23102 - Publisved 13 June 2019 o I csi coatlng

ET-LF coatings: Craig et al., Phys. Rev. Lett. 122, 231102 (2019)

AlGaAs Crystalllne coatings might satisfy

ET-HF but Currently limited to ~200mm dia.
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Cryogenics and laser wavelength

Amorphous
Silicon
Coating

Absorption

> 125 kg
< good ——{| High Purity
Silican Mirror

Cryogenic mirrors and mirror suspensions
can significantly reduce the thermal noise

\ 4G
bad

Large
AlGaAs
Coating

Silicon
Bonding
Composite
Mirror

This requires change of material as fused
silica does not show this effect.
Alternatives crystalline materials such as
silicon and sapphire

1 um
LIGO
Oxide
Coatings

2 um Laser
P>100W

Silicon cannot be operated at 1u, different G e

wavelength is requires

2 um SQZ
looks
possible

Wavelength change impacts many aspects
of the interferometer and depends on
many technology developments
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Calibration must improve as much as SNR

e 3G detectors such as ET will require sub-one-percent < ‘2 LIGO Hanford calibration accuracy
calibration accuracy in order to fully benefit from their T _61 '. . o https //arX|v org/abs/ZOOS 02531
ncreased sensitvity P N e

» Self-calibration, i.e. calibrating the detector using the "j 5 | |
detected signal and null-streams can help to achieve that. B, =8 1(; e fofnwta"”'y ; M%;?nems

o ET provides such a null-stream stand-alone, which is sky-
position and polarisation independent (this is not the

case for a distributed network). The design of the proposed 3G detector ET envisages
three V-shaped interferometers, one each at the three ver-

B. Sky-independent null stream

tices of an equilateral triangle. The sum of the responses

of the three interferometers, as we shall see below, is a
Self-calibration of Networks of Gravitational Wave Detectors null stream no matter where the source is in the sky.
In fact, this is true more generally for any configuration
that has a closed topology. Consequently, self-calibration
with ET is significantly simpler.

Bernard F. Schutz
School of Physics and Astronomy, Cardiff University, Cardiff, UK, CF24 3AA and
Max Planck Institute for Gravitational Physics (Albert Einstein Institute), 14476 Potsdam/Golm, (_]r:mm.n.i

B. S. Sathyaprakash

September 2020, https://arxiv.org/abs/2009.10212
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10m prototype facility, currently under
construction in Maastricht ~ uNivERSTY L

o OF TWENTE.  GHENT

e 14.5M€ investment UNIVERSITY
e ~20 universities and research institutes from U" TU/e
NL/BE/DE/F contribute Anwrpe
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[Slide: Jan-Simon Henning]
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With ARC funds, we are preparing a lab for low temperature
tests on a real size prototype of an ET LF-Payload

Cryogenic Tests Area:
Test Cryostat for a full size LF-Payload, cooled by two PT (@ 3 m x
3.5m):
- 2 thermal shields in insulation vacuum
- 1 experimental chamber with separated vacuum

The Romel ET Group:
From Virgo:
Sibilla Di Pace (Post Doc Researcher)

Ettore Majorana (Full Professor)
Valentina Mangano (Post Doc Researcher)

Luca Naticchioni (INFN Researcher)
oo N - Maurizio Perciballi (INFN Technician)
'_ — 1 . e Paola Puppo (INFN Researcher)
Payload Development and & e - | ~ Piero Rapagnani (Associate Professor)
» S 5 - Fulvio  Ricci Full Professor
Test Area (LF Payload — Real | : ( )
size) From CUORE:

Angelo  Cruciani (INFN Researcher)
Antonio D’Addabbo (Post Doc Researcher LNGS)

Stefano Pirro (INFN Researcher)
From EGO:
Paolo Ruggi (EGO Researcher)

[Slide: Piero Rapagnani GWADW 2021 ] ET[E'”‘?,;; Nimef VU o
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Examples for 3G challenges

e the identification of a facility site with low seismic and acoustic noise, and
other suitable environmental properties

o development of mitigation techniques for Newtonian noise
o development of low-noise, efficient cryogenic mirror suspension

e the production of large, high-quality test mass substrates, both silica and silicon or sapphire

e the polishing and coating of large test mass substrates to very low spatial roughness at larger
spatial scales

e the development of suitable mirror coatings
o the development of multi-stage suspensions supporting test masses of several 100 kg

e the development lower cost vacuum technology for ultra-high vacuum in vacuum chambers and
the beam tubes

[adapted excerpts from ET and CE design studies] F\‘&v«‘gﬁ NiE[Iw ef VUM W 19
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Available on app stores or: www.laserlabs.org
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