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From a few seconds of signals ...

Masses in the Stellar Graveyard
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Found new class of heavy
stellar mass BBH
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Start of GW multi-
messenger astronomy

Ruled out some proposed
EOS of neutron stars
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Confirmed BNS as origin
for some GRBs
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From Current Detectors to
3G/Einstein Telescope

=

Planned Einstein Telescope

LIGO, Hanford, WA



Reaching for the fuII cosmos'
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1 day
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From Current Detectors to
3G/Einstein Telescope
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Planned Einstein Telescope

LIGO, Hanford, WA



Noise Sources limiting the 2G

AdvLIGO Noise Curve: PirI =125.0 W
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Virgo0m —
Nethedands 10m
Sarcinia 185 m —

Hungary 400 m ——

Spain LSC 800 m

S0 (s 'z

Underground location for
Reduction of seismic and

atmospheric GGN
+ long baseline

e




Composition of Seismic Fields

Image credits: http://www.geometrics.com/what-are-the-different-types-of-seismic-waves/
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ET will ‘go underground’

Honzontal spectral moton ol vanous slos

Virge0m — )
Nethordands 10 m "
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ET design study document
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Underground location for
Reduction of seismic and
atmospheric GGN

+ long baseline

Triangular for full sky
coverage and redundancy

Single L-shaped IFO Triangle of 3 IFOs

Freise, A.; Chelkowski, S.; Hild, S.; Pozzo, W. D.; Perreca, A. & Vecchio, A.

CQG, 2009, 26, 085012 (14pp)
b)

Triangle first proposed: 1985, MPQ-101. W.Winkler, K.Maischberger, A.Ridiger,
R.Schilling, L.Schnupp, D.Shoemaker,: Plans for a Large Gravitational Wave
Antenna in Germany




The ET Footprint

« As ET is a new infra-structure, we
can start from scratch.

* What to see the full sky.

 Want to resolve both
polarisations.

« Want to have redundancy.

. 1 Triangle vs 4 Ls:

Both have 30km integrated tunnel
length

- Both resolve both polarisations and
offer redundancy.

- Both give equivalent sensitivity.

- Triangle reduces the number of end
stations.

 ET will be a triangle.

% Maastricht University

Single L-shaped IFO

Triangle of 3 IFOs
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Freise, A.; Chelkowski, S.; Hild, S.; Pozzo, W. D.; Perreca, A. & Vecchio,

CQG, 2009, 26, 085012 (14pp)
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Horizontal spectral moton al vanious stos ) ET-C/ET-D
T = i 7 Low Frequency
Netherdands 10 m /
Sardinia 185 m —
Hungary 400 m ——
Span LSC 800 m

. Triangular for full sky
¥ coverage and redundancy [ i

n Optical element, I Optical element, Laser beam 1550nm

Fused Silica, Silicon, Laser beam 1064nm
room temperature cryogenic squeezed light beam y

Single L-shaped IFO Triangle of 3 IFOs

! Underground location for
r Reduction of seismic and
atmospheric GGN e o P 0 e A
+ long baseline e R

b)
v Many new technologies, like
for instance cryogenic

silicon mirrors

Triangle first proposed: 1985, MPQ-101. W.Winkler, K. Maischberger, A.Ridiger,
R.Schilling, L.Schnupp, D.Shoemaker,: Plans for a Large Gravitational Wave
Antenna in Germany




&

Xylophone Concept

As our detectors become more and more complex and at the same time
aim increase even further the observation bandwidth the xylophone
concept becomes more and more attractive.

The xylophone concept was originally suggested for advanced LIGO:
R.DeSalvo, CQG 21 (2004) S1145-S1154
G.Conforto and R.DeSalvo, Nuc. Instruments 518 (2004) 228 - 232
D.Shoemaker, presentation at Aspen meeting (2001), http://www.ligo.caltech.edu/docs/G/G010026-00.pdf

Allows to overcome ‘contradicting’ requirements in the technical

detector design:

- To reduce shot noise you have to increase the light power, which in turn will reduce the
sensitivity at low frequencies due to higher radiation pressure noise.

- Need cryogenic mirrors for low frequency sensitivity. However, due to residual absorption it
is hard to combine cryogenic mirrors with high power interferometers.

For ET we choose the conservative approach (designing an
infrastructure) and went for a 2-band xylophone: low-power, cryogenic
low-frequency detector and a high-power, room-temperature high-
frequency detector.

Maastricht University
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Combining 2 IFOs
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T = i 7 Low Frequency
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Single L-shaped IFO Triangle of 3 IFOs

! Underground location for
r Reduction of seismic and
atmospheric GGN e o P 0 e A
+ long baseline e R

b)
v Many new technologies, like
for instance cryogenic

silicon mirrors
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Refining construction of Infrastructure
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Roadmap to Einstein Telescope

Current candidate locations:

 Sardinia, supported by Italy ':roPeagtAsttroparticle
ysics Strategy

e South Limburg, supported by a
consortium from the
Netherlands, Belgium and

Germa ny % 3 ! ROAD;&;’;OIB =
Decisi heduled for 2022. s K Al /,,STRATEGY
ecision scheaulea ror P ) REPORT

~ ONRESEARCH

INFRASTRUCTURES
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Sardinia
* Excellent
geology

e Strong local
(universities)
and national
support
(INFN)

E’m Maastricht University

LOCAL GEOPHYSICS

ocks, European




Why ET in EUREGIO?
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Underground!

First results of seismic studies of the

S Belgian-Dutch-German site for Einstein Telescope

Soumen Koley', Maria Bader!,
Alessandro Bertolinl®, Jo van den Brand'~, Henk Jan Bulten'”,
10712 Stefam HiM'2, Frank Linde', Bas Swinkels', Bjorn Vink

1 Nkhel National lnatitete for Subatomic Phy ucy, Amaterdam, The Netherlands
2 Maastriche University, Maastricht, The Netherlands
13 1. VU University Amaterdam, Amaterdsm, The Netherlands
‘ Univerdty of Amstendam, Amsterdam The Netherlands
S Amtes Group, Masstricht, The Netherlasds
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Se|m5|c studies in EUREGIO
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Dutch-Belgium-German Efforts

Homework done to technopoli

scope

q U a I ify S ite i n E U reg i O n : l;:x];:m AL\‘I.\‘A'hsnu'nlnfllu' Einstein

e Positive geological
studies

e Positive economic
impact studies

e Strong effort across @ ¢
borders (MOU just
refreshed)
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ETpathfinder comes to Maastricht

witerreg H

VIaanderen-NederIand

Europees Fonds voor Regionale Ontwikkeling
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ETpathfinder comes to Maastricht




Low Frequency Challenge

At mid and high frequency we 20 s
aim for factor ~10 Tg oo deson
improvement. 102"
At low frequency we are aiming |5 ’
for factors 100, 1000 and more | £ " JLJ“AJJ
improvement. -> £ 7
Need to do fundamental 105 \_LL’\J/
changes in technology and s | | | |
concepts LA
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New Technologies

Nik[hef

ET requires technological advances on all fronts:
* New temperature => 10-20K

* New mirror material => Silicon

* New laser wavelength => 1.5-2.1 microns
Advanced quantum-noise-reduction schemes



—Nevﬂ!thnolog-res—

ET requires technological advances on all fronts:
§ ° New mirror material => Silicon
* New temperature => 10-20K
* New laser wavelength => 1.5-2.1 microns
e Advanced quantum-noise-reduction schemes



ETpathfinder = Collaborative Effort!
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Nikhef
Maastricht University
Eindhoven University of Technology

€14.5m capital investment

(Interreg, institutions,
governments, provinces)

University of Leuven plus

Ghent University Cofntr'bl:é?ns Committed manpower of 100+
University of Antwerp A rorr; o man years (scientists and
Unl.verSI.ty of H.c‘wsselt ustralia, Italy, engineers) over the next 5
University of Liege the UK, etc,

.. : Y years
Vrije Universiteit Brussel

Université catholique de Louvain
Fraunhofer Institute for Laser Technology (ILT)

RWTH Aachen University

University of Twente

Flemish Institute for Technological Research (VITO), Mol
Netherlands Organisation for Applied Scientific Research (TNO), Delft

Collaboration with relevant
local and national industry
partners

Maastricht University



ETpathfinder longterm ambition
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Figure 1.1: Rough overview of the estimated ETpathfinder timelines. After completion of Phase 1 and Phase
2 (see description in text), it is anticipated that while ET is running in observation mode with generation X
technology, that ETpathfinder will contribute to prototyping generation X + 1 technologies.
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NEWS: E-TEST approved
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University of Liege Soreholes +
Fraunhofer Institute for Laser Technology geological studies
RWTH Aachen University (determining ET

University of Hasselt o .
Katholieke Universiteit Leuven site in EMR region) R
NWO-I / Nikhef + Another step forward in the
Rheinische Friedrich-Wilhelms-Universitaet Large cryogenic implementation of the
Bonn silicon mirror ambitious Einstein
NMWP Management GmbH telescope project
Komnkll{k Nede.rlam'is Meteorologisch Instituut e fneres EFEST eoiect (Eistein
Maastricht UnlverSIty Telescope Euregio-Meuse-Rhin Site and
Université catholique de Louvain Technology), approved by the EU and
supported by ULiege, will allow an
advanced subsurface study and the
development of a prototype of a large
T1: Seismic and Cooling Nikhef 3832 k suspended mirror.
T2: Optical engineering Fraunhofer 3215k CAmn MORE
T3: EMR underground observatory Liege 1507 k

T4: Cross-border geological model RWTH 5412k [ nesearch |
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Image Credit: NASA/Hubble Telescope, Lueck AEI @
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