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Outline
• What have we learned from
Gravitational Waves so far and
why do we need ET?
• Overview of fundamental
noises and technical
challenges.
• Overview of some exmaples
of ongoing R&D efforts
• Discussing some topics in
more detail?
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We have come a long way ….

LIGO, Livingston, LA

Virgo, Cascina, Italy

LIGO, Hanford, WA

KAGRA, Japan

[S.Hild]

https://www.ligo.org/detections.php

Many observations/discoveries

[S.Hild]

Fireworks of observations
Confirmed BNS as origin
for some GRBs

Found new class of heavy stellar mass BBH
Ruled out some proposed
EOS of neutron stars
The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20

Abbott et al.

Confirmed Kilonova and R-process
Start of GW multimessenger astronomy

Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time tc of the gravitational-wave event. Two types of information are shown for each band/messenger. First, the shaded dashes represent the times when
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,
representative observations (see Table 1) in each band are shown as solid circles with their areas approximately scaled by brightness; the solid lines indicate when the
source was detectable by at least one telescope. Magniﬁcation insets give a picture of the ﬁrst detections in the gravitational-wave, gamma-ray, optical, X-ray, and
radio bands. They are respectively illustrated by the combined spectrogram of the signals received by LIGO-Hanford and LIGO-Livingston (see Section 2.1), the
Fermi-GBM and INTEGRAL/SPI-ACS lightcurves matched in time resolution and phase (see Section 2.2), 1 5×1 5 postage stamps extracted from the initial six
observations of SSS17a/AT 2017gfo and four early spectra taken with the SALT (at tc+1.2 days; Buckley et al. 2017; McCully et al. 2017b), ESO-NTT (at
tc+1.4 days; Smartt et al. 2017), the SOAR 4 m telescope (at tc+1.4 days; Nicholl et al. 2017d), and ESO-VLT-XShooter (at tc+2.4 days; Smartt et al. 2017) as
described in Section 2.3, and the ﬁrst X-ray and radio detections of the same source by Chandra (see Section 3.3) and JVLA (see Section 3.4). In order to show
representative spectral energy distributions, each spectrum is normalized to its maximum and shifted arbitrarily along the linear y-axis (no absolute scale). The high
background in the SALT spectrum below 4500Å prevents the identiﬁcation of spectral features in this band (for details McCully et al. 2017b).
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Cosmology independent
of distance ladder

[S.Hild]

Proved existence of intermediate-mass black holes

From current detectors to ET
Virgo, Cascina, Italy

LIGO, Livingston, LA

Planned Einstein Telescope

LIGO, Hanford, WA

•
•

Current detectors observe about one signal per week.
ET will observe about 100.000 to 1.000.000 binary black holes
mergers per year! And many other new sources => discovery space!
[S.Hild]
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Seeing back in time

Seeing further out

Reaching for the full cosmos!

Binary Coalescences Overview:
•
Census of stellar and
intermediate-mass BBH
population over full Universe,
105-106 events per year;
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•

High SNR events will provide
excellent precision to do accurate
test of GR, nature of the BH,
strong-field dynamics, black hole
no-hair theorem etc;

•

Extend the range of observed
BBH masses towards >1,000Msol
and <1Msol;

•

Observe several 10,000 binary
neutron star mergers per year.

•

ET will determine NS EOS.

GWTC-1

[S.Hild]
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Seeing BNS with
GWs before
merger!
Abbott et al.

Credit: Evan Hall

The Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20

GW170817: Optical counterpart located ~6 hours
after merger.

~3h

~30min
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With ET we have a chance to observe the kilonova
right from the beginning, observe fast radio
emission and pin down the engine of short GRBs.

Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time tc of the gravitational-wave event. Two types of information are shown for each band/messenger. First, the shaded dashes represent the times when
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,

[S.Hild]
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Compact Binary Coalescence

Transient Bursts

More Science!
• Supernovae
• Isolated rotating neutron stars
Stochastic Backgrounds
• Testing of a variety of dark matter
candidates Stochastic Backgrounds
• Exploring the nature of dark
energy
• Stochastic background of GWs,
back to shortly after Big Bang
• What else might be out there what
do we not think/know about yet?
Credit: D. Berry, E. Drezek

Credit: D. Berry, E. Drezek

Credit: NASA

Credit: NASA

Credit: Perimeter Institute

Credit: Perimeter Institute

Traditional Astrophysic
Gravitational Waves for
Credit: NASA/ESA

Compact Binary Coalescence

Continuous
Credit: NASA/ESA

Sources

Continuous Sources
Credit: D. Berry, E. Drezek

Credit: NASA

Credit: C. Reed

Stochastic Backgrounds

Credit: C. Reed

Credit: Perimeter Institute

[S.Hild]
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Spectral contribution to science

[S.Hild]
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Slide credit: T. Hinderer

Spectral contribution to science

[S.Hild]
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Spectral contribution to PE for ET

ET-D

[S.Hild]
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Continue with bucket approach?

[S.Hild]
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Continue with bucket approach?

[S.Hild]
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From current detectors to ET
Virgo, Cascina, Italy

LIGO, Livingston, LA

Planned Einstein Telescope

LIGO, Hanford, WA

ET will be an infrastructure to provide observing power for half of the 21st century,
i.e. from about 2035-2085!

Current detectors started ~1990s

Why does ET look so different compared to current interferometers?
[S.Hild]
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Outline
• What have we learned from
Gravitational Waves so far and
why do we need ET?
• Overview of fundamental
noises and technical
challenges.
• Overview of some exmaples
of ongoing R&D efforts
• Discussing some topics in
more detail?
[S.Hild]
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Key concepts of ET in a single slide
Triangular for full sky
coverage and redundancy

Xylophone concept

Underground location for
Reduction of seismic and
atmospheric GGN
+ long baseline

Many new technologies, like
for instance cryogenic
silicon mirrors

[S.Hild]
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ET video

Noise Sources limiting the 2G
AdvLIGO Noise Curve: P = 125.0 W
in

Quantum Noise limits most of
the frequency range.

•

Coating Brownian limits in the
range from 50 to 100Hz.

•

Below ~15Hz we are limited by
‘walls’ made of Suspension
Thermal, Gravity Gradient
and Seismic noise.

Quantum noise
Seismic noise
Gravity Gradients
Suspension thermal noise
Coating Brownian noise
Coating Thermo−optic noise
Substrate Brownian noise
Excess Gas
Total noise
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•

And then there are the, often
not mentioned, ‘technical’
noise sources which trouble
the commissioners so much.
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Mirror Thermal Noise
• Due to thermal fluctuations the position of the mirror sensed by the laser
beam is not necessarily a good representation of the center of mass of the
mirror.
• Various noise terms involved: Brownian, thermo-elastic and thermorefractive noise of each substrate and coating (or coherent combinations of
these, such as thermo-optic noise).
• For nearly all current and future designs coating Brownian is the dominating
noise source:
Temperature
Boltzmann
constant

Geometrical
coating thickness

PSD of
displacement

Loss angle
of coating

Harry et al, CQG
19, 897–917, 2002
Young’s modulus
of mirror substrate

laser
beam radius

[S.Hild]

Young’s modulus
of coating

Slide 20

How to reduce Mirror Thermal Noise?
Improved coating materials (e.g.
crystalline coatings like AlGaAs, GaPAs)

Larger beam
size (needs
larger mirrors)
Harry et al, CQG 19,
897–917, 2002

5

Gain

Cole et al, APL 92, 261108, 2008

Waveguide mirrors
Brueckner et al, Opt. Expr 17, 163, 2009
PhD thesis of D.Friedrich

Please note: Technical readiness of the techniques might vary strongly! Also this plot represents my personal view (not vetted byLSC).

3
2

Optimisation
(annealing, layer 1.5
thickness, doping)

Cryogenic mirrors
(120K)
Cryogenic mirrors
(10-20K)
Uchiyama et al, PRL 108,
141101 (2012)

Khalili cavities

c
Effort

Khalili, PLA 334, 67, 2005
Gurkovsky et al, PLA 375,
4147, 2011

(Cost + Complexity)

Different beam shape

Amorphous Silicon
coatings

Mours et al, CQG, 2006, 23, 5777
Chelkowski et al, PRD, 2009, 79, 122002

Liu et al, PRB 58, 9067, 1998
[S.Hild]
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Prototypiong cryogenic silicon mirrors
10K double shield
80K double shield
floating shields (2x)

floating shield
80K shield
10K shield

Cryogenics
• Mirrors need to be cooled to
cryogenic temperatures (~15K,
123K), without introducing
noise, i.e. cooling only possible
via thin suspension wires.
• General approaches:
ETpathfinder cooling budget
ETpathfinder payload

• Dry system: pulse-tubes.
Challenge = reduce and isolate
vibrational noise.
• Sorption coolers (base line in
ETpathfider) = more quite, less
cooling power.
• Cryogenic Liquids: LN2, He, HeII.
Challenege = avoid bubbling;
transfer liquids from surface
300m above the caverns …

[S.Hild]
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ET-PF payload

FEM simulated performance

Horizontal response

requiremen
t

Ground vibration transmission from cold finger is still dominant…no safety margin

[S.Hild]
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Suspension Thermal Noise
Boltzmann
constant

Temperature
Loss angle

PSD of
displacement
Mirror mass

Resonance frequency

• Mirrors need to be suspended in order to decouple them from
seismic.

• Thermal noise in metal wires and glass fibres causes horizontal
movement of mirror.
• Relevant loss terms originate from the bulk, surface and thermoelastic loss of the fibres + bond and weld loss.
• Thermal noise in blade springs causes vertical movement which
couples via imperfections of the suspension into horizontal
noise.

[S.Hild]
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5

Improve
fibre
geometry/
profile

Bending points,
energy stored via
bending and neck
profile can be
potentially further
optimised.

Gain

How to reduce
Suspension Thermal Noise?
Please note: Technical readiness of the techniques might vary strongly! Also this plot represents my personal view (not vetted byLSC).

3
2
1.5

Effort
(Cost + Complexity)

Increase length of
final pendulum stage.
Allows the push suspension
thermal noise out detection band.
[S.Hild]

Cooling of the suspension
to cryogenic temperatures.
Usually also requires a change of materials.
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Newtonian Noise
• Seismic causes density changes in the ground and
shaking of the mirror environment (walls, buildings,
vacuum system).
• These fluctuations cause a change in the gravitational
force acting on the mirror.
• Cannot shield the mirror from gravity. L

Coupling constant (depends on type of
seismic waves, soil properties, etc)

Gravitational
constant

Density of
ground
Images: courtesy G.Cella

PSD of
strain

Arm length

frequency

[S.Hild]

PSD of seismic
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Composition of Seismic Fields

Image credits: http://www.geometrics.com/what-are-the-different-types-of-seismic-waves/

[S.Hild]
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5

Gain

How to reduce Newtonian Noise?
Please note: Technical readiness of the techniques might vary strongly! Also this plot represents my personal view (not vetted byLSC).

Reduce seismic
noise at site., i.e.
select a quieter
site, potentially
underground.

3
2
1.5

Effort
(Cost + Complexity)

Subtraction of gravity
gradient noise using an
array of seismometers.
• Beker et al: General Relativity and Gravitation
Volume 43, Number 2 (2011), 623-656
• Driggers et al: arXiv:1207.0275v1 [gr-qc]

Beker et al, Journal of Physics:
Conference Series 363 (2012)
012004

Shaping local
topography
• Harms et al, CQG Volume 31,
Number 18, 2014

[S.Hild]
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ET design study document

ET will ‘go underground’

[S.Hild]
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Quantum Noise
Ü Quantum noise is a direct manifestation of the Heisenberg
Uncertainty Principle.
Ü It is comprised of photon shot noise (sensing noise) at high
frequencies and photon radiation pressure noise (backaction noise) at low frequencies.
wavelength

optical
power
Mirror mass Arm length

photon radiation pressure noise
[S.Hild]

photon shot noise
Slide 31

Vacuum fluctuations
Quantum noise can also be
understood as vacuum
fluctuations entering the
interferometer via any open
port:
ÜFluctuations reflected from
interferometer detected a
photo-detector as shot noise
ÜFluctuations acting on mirrors
cause radiation pressure noise
Vacuum
fluctuations
[S.Hild]
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How to reduce Quantum Noise?
Squeezing with frequency
dependent squeezing angle

Speedmeter

5

Gain

Kimble et al, PRD 65, 2002
Please note: Technical readiness of the techniques might vary strongly! Also this plot represents my personal view (not vetted byLSC).

Measures momentum of test
masses and is therefore not
susceptible to Heisenberg
Uncertainity Principle.
Chen, PRD 67, 122004, 2003

Squeezed Light
LIGO Scientific
collaboration, Nature
Phys. 7 962–65, 2011

Optical Bar +
Optical Lever

3
2

Khalili, PLA 298, 308-14,
2002

1.5

Effort

Increased
Laser Power
Need to deal with
thermal problems and
instabilities

(Cost + Complexity)

Local readout

Increased Mirror Weight

Rehbein et al, PRD 78,
062003, 2008

Need to deal with thermal problems
and instabilities

[S.Hild]

Slide 33

Noise Sources limiting the 2G
AdvLIGO Noise Curve: P = 125.0 W
in

Quantum Noise limits most of
the frequency range.

•

Coating Brownian limits in the
range from 50 to 100Hz.

•

Below ~15Hz we are limited by
‘walls’ made of Suspension
Thermal, Gravity Gradient
and Seismic noise.

Quantum noise
Seismic noise
Gravity Gradients
Suspension thermal noise
Coating Brownian noise
Coating Thermo−optic noise
Substrate Brownian noise
Excess Gas
Total noise
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•
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And then there are the, often
not mentioned, ‘technical’
noise sources which trouble
the commissioners so much.
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ET Symposium, April 2018
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ET Symposium, April 2018
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ET Symposium, April 2018
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ET Symposium, April 2018

Slide 38

ET Symposium, April 2018
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Seismic noise

Seismic
excitation

Stefan Hild

x

17m SA
Transfer function

[S.Hild]

=

Seismic noise
contribution

Slide 40

Gravity Gradient Noise
• ET-B and ET-C assume a medium quiet site +
factor 50 GGN subtraction.
• ET-D considers very quiet underground site
(about 5e-10/f2*m/sqrt(Hz)) at Black Forest.
• Please note:

• ET measurement campaign
showed several sites on the
same level or even better
than the BFO site.
• Biggest uncertainty in beta

Stefan Hild

[S.Hild]
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Suspension Thermal Noise
• Silicon fibers of 3mm
diameter and 2m length.
S.Hild et al, CQG 2011, 28 094013

• Test mass temperature =
10K
• Penulitmate mass
temperature = 2K

• P. Puppo, Journal of Physics: Conference Series
228, (2010) 012031
• P. Puppo and F. Ricci, General Relativity and
Gravitation, Springer Netherlands, 2010, 1-13
• F.Ricci, presentation at GWADW 2010,Kyoto.
Available at:http://gw.icrr.utokyo.ac.jp/gwadw2010/program/2010_GWADW_Ri
cci.pdf

Stefan Hild

[S.Hild]
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Quantum of Low-Frequency detector
• Required parameters for filter cavities
challenging: Detuning of 25.4Hz and 6.6Hz and
half bandwidths of 5.7Hz and 1.5Hz.
• To achieve such low bandwidths very long
and/or very high finesse cavities are required.
• Total losses at resonance frequency are the
product of roundtrip losses and filter cavity
finesse.
• For ET we decided to be conservative: Assumed
37.5ppm loss per mirror and filter cavity lengths
of 10km. Still at 7Hz the 10dB of squeezing are
degraded to less than 3dB.

Stefan Hild

[S.Hild]

S.Hild et al, CQG 2011, 28 094013

• Employs detuned signal recycling => needs two
filter cavities.

Slide 43

Combining 2 IFOs

ET-D-HF

ET-D-LF

ET-D (total)

[S.Hild]
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ET Sensitivity evolution

•

Data from ET-LF and ET-HF can be coherently or incoherently be added, depending on the requirements of the analysis.

•

Sensitivity data available for download at: http://www.et-gw.eu/etsensitivities

•

For more details please see S.Hild et al: ‘A Xylophone Conﬁguration for a third Generation Gravitational Wave Detector’, CQG 2010, 27, 015003 and S.Hild et al: ‘Sensitivity Studies for ThirdGeneration Gravitational Wave Observatories’, CQG 2011, 28 094013.

Stefan Hild

[S.Hild]
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The ET core interferometers

Opening angle = 60 deg

Stefan Hild

[S.Hild]

Opening angle = 60 deg
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How to build an Observatory?
• For efficiency reasons build
a triangle.
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How to build an Observatory?
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• Add second Xylophone
detector to fully resolve
polarisation.
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• Start with a single
xylophone detector.
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How to build an Observatory?
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xylophone detector.
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• For efficiency reasons build
a triangle.
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• Add third Xylophone
detector for redundancy
and null-streams.
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• Add second Xylophone
detector to fully resolve
polarisation.
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Newtonian noise

Donatella et al, arXiv:1801.04564v1

• Lots of progress in understanding
seismic fields, via seismometer arrays
(LHO, Homestake, Virgo) in 2D and
3D.
• Lots of progress in modelling of
seismic newtonian noise towards
more realistic setups
• Recently published: Newtonian noise
from infrasound.
=> Supports
the argument to go underground.

[S.Hild]
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Room temperature coatings: Zirconia-doped Tantala

Slide credit: I.Martin

[S.Hild]

Slide 52

Slide credit: I.Martin

Cryogenic coatings

[S.Hild]

Slide 53

Silicon mirrors
• Free carrier noise (D. Heinert et al)
and high absorption
• Floatzone vs MCz (see right + next
slide).
• Other aspects which still need
checking:

•
•
•
•

Surface roughness
Homogeneity
Birefringence
etc

Slide: A.Bell, LIGO-G1601711

[S.Hild]
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Silicon Mirrors

Slides: A.Bell, LIGO-G1601711

[S.Hild]
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Lasers

Credit: B. Willke

• 1064nm, TEM00 = 300W (LZH)
•

Theeg et al IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 24, NO. 20, OCTOBER 15, (2012)

• 1064nm, LG33 = 83W (Bham, AEI)
•

Carbone et al. PRL 110, 251101 (2013)

• 1550nm, TEM00 = 207W (non-GW)
•

Creeden et al. Fiber Lasers XIII: Technology, Systems, and Applications, edited by John Ballato, Proc. of SPIE
Vol. 9728, 97282L (2016)

[S.Hild]
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• Baseline configuration is Dual-recycled
FP-Michelson with frequency dependent
squeezing.

Image: H Grote

Configurations
n
zing i
e
e
u
q
s
rved
Obse GEO600

• Lots of progress in squeezing generation
(smaller footprint, different wavelength,
etc)
• Long-term experience of squeezing in
GEO600.
• Experience will be gained from
frequency depending squeezing in
advanced detectors.

With frequency
dependent Squeezing

−21

10

GW

E1
E2

GW

E2
E1

Low frequency

[S.Hild]

SQL, L=10km, m=10kg
no squeezing
phase squeezing (factor 10)
frequency dependent squeezing (factor 10)

With frequency
dependent Squeezing

Strain [1/sqrt(Hz)]

• FC experiments (MIT, TAMA)

E1
High frequency
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Slide credit: Fafone/Rocci

TCS for 3G at Tor Vergata
• Actuators
• Quality of compensation relies on capability of producing the
optimal heating pattern:
• In the future there will be an increased need for nonsymmetric heating patterns à laser based techniques: MEMS
deformable mirrors under investigation.
• Precise laser beam shaping requires good quality laser output
beam. Wavelength choice dependent on TMs (CPs) substrate
material. CO2 might still be a good option for SiO2 optics à
ongoing activity to build a mode cleaner.

MEMS system under test at UTov

• Control strategy
• Blending information from different sensors (HWS, Phase Cameras,
ITF signals) to produce error signal;
• Definition of actuation optics to decouple different DoFs (RoCs and
lenses);
• Dynamic control of mode matching on OMC.

FFT simulation of the phase profile to be
applied to a flat top beam to get the required
pattern (AdV logo)
Simulation is obtained for flat incident
intensity on an array of 40x40 micromirrors
with 1 mm side

[S.Hild]
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Technical Noises
• Technical noise will need very significant
effort. Especially as we push down in
frequencies.
• Need to reduce fluctuations of mirrors
(not only longitudinal degree of
freedom).
• Lots of scattered light mitigation.
• Good examples of promising new
sensors: Tilt sensors (K. Dooley), 6 DoF
sensor (C. Mow-Lowry)

[S.Hild]

Beam Rotation Sensor (BRS)
At LHO
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And now REALITY

[S.Hild]
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Myriad of Disturbances
Molecule Humans
crossing
Laser beam

Power lines

Seismic disturbance

Quantum
Back-Action
noise
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Outline
• What have we learned from
Gravitational Waves so far and
why do we need ET?
• Overview of fundamental
noises and technical
challenges.
• Overview of some exmaples
of ongoing R&D efforts
• Discussing some topics in
more detail?
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Slide: P.Rapagnani, GWADW 2021
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Amaldi Research Center for Cryogenics, Rome

Slide: P.Rapagnani, GWADW 2021
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SarGrav Overview

The candidature of the ET site in
Sardinia is supported with about
17M€ by the Italian ministry of
research.
[S.Hild]
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SarGrav Activities (I)
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SarGrav Activities (II)
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ETpathfinder Overview
• New facility for testing ET technology in a
low-noise, full-interferometer setup.
• Key aspects: Silicon mirrors (3 to 100+kg),
cryogenics (cryogenic liquids and sorption
coolers, water/ice management), “new”
wavelengths (1550 and 2090nm), new
coatings
• Start with 2 FPMI, one initially at 120K and
one 15K (2022+).
• 20 partners from NL/B/G/FR/SP/UK
• Initial capital funding of 14.5 MEuro.
• Detailed Design Report available at
apps.et-gw.eu/tds/?content=3&r=17177
• Open for everyone interested to join.
• www.etpathfinder.eu

Vacuum System of 130 cubic meters.
Vacuum system EU tender completed.
Vessels in production now.
First tower acceptance test (1e-9mbar) in July
First tower delivery scheduled for 4. August 2021

[S.Hild]
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Why ETpathfinder needed?

Strain [1/ (Hz)]

The Low-Frequency Challenge:
• At mid and high frequency we
aim for factor ~10 improvement.
• At low frequency we are aiming
for factors 100, 1000 and more
improvement.
• Needs fundamental changes in
technology and concepts, that
need testing and prototyping.

aLIGO O2
aLIGO design
ET
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New Technologies

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

From ETpathfinder Advisory Board (STAC) report
• […] Overall, the ETPF-STAC was very impressed with the vision for the facility, the
technical capability of the leader and team, and the scope of the effort. It will be
transformative for the field to have a facility and a research program covering the
foreseen capabilities of the installation, and it can become a very natural center for
technical innovation and scientific breakthroughs in precision measurement,
interferometry, cryogeny for gravitational-wave detectors, and for the formation of
a next generation of gravitational-wave scientists (to handle the next generation of
gravitational-wave detectors). The growth of the team (and of the institutions
interested in participating) is an exciting development and speaks to the timeliness
and centrality of this infrastructure. […]
• The ETPF-STAC is very excited to be part of the establishment and exploitation of
this unique facility and this dynamic team.

Start Construction: April 2020

Drilling 170 pillars

July: ~1000 t of concrete poured

[S.Hild]

Oct : First cleanroom walls being installed.

Cleanroom in operation ~ March 2021
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ETpathfinder is a longterm acitivity (and independ of ET site decision)
ESFRI application states ET will be operational from 2035 to 2085.

•

Expect many ET detector upgrades over the 50 years.

•

While ET operates and observes in “generation X technology” ETpathfinder
can do R&D for “generation X+1 technology”

by stefan on glaroam2-164-199.wireless.gla.ac.uk

•

Seismic: Black Forest
Newtonian Gravity: 20x subtraction
Residual Gas: 0.3 nTorr of H2
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ET single, 120K
ET-D
aLIGO design
ET FacilityAdv
Limit
LIGO
3MW speedmeter, 40m FC, 30ppm loss
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ET-120K
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10!25
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created using gwinc_stefan_facilitylimit.m on 06-Oct-2017
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Work carried out by all participants of
ET workshop in Glasgow
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2 Interferometers
with 15cm mirrors
Single Interferometer
with large mirrors
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Some Highlights of recent ETpathfinder Activities
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[S.Hild, Vista meeting, 21.10.2020]
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Outline
• What have we learned from
Gravitational Waves so far and
why do we need ET?
• Overview of fundamental
noises and technical
challenges.
• Overview of some exmaples
of ongoing R&D efforts
• Discussing some topics in
more detail?
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Thank you for
your attention.

Questions?

[S.Hild]
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