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History of GW Detector Sensitivity

World’s first GW
measurementin 1961:
Oscillations of Earth
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| Einstein Telescope: The Flagship Project lﬁ

Three candidate sites

| * Infrastructure to be built at a
e sbpinl | i ® S depth of about 250m
| . |  Conceived with a relatively

high technological risk to push
the frontiers of technological
possibilities

* More than 2000 collaboration
members (600 people on
instrument science, 800 people
on observation science)
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ET Underground Infrastructure 4
(in the triangular version)
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Einstein Telescope as Xylophone
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Mitigation of Noise as Technology Driver !@

Environmental noise
e Seismic

* Atmospheric

* FElectromagnetic

Mitigation

e Isolation (vacuum
system, suspensions)

* Noise cancellation

* Control
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Seismic Isolation

Virgo Superattenuator LIGO Active Stages

- AN

Stage 0-1
springs
assembly

Stage 1-2
springs
assembly
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Mitigation of Gravitational Noise from Earth ’ﬁ
b

Numerical simulations of seismic
fields and machine-learning based
designs

 Hundreds of borehole seismometers
* High cost, complexity, risk...
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Lightning Frequency (Fl

Globally coherent
disturbances and noise

Magnetic Fluctuations
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Magnetic disturbances can appear
coherently in a global detector network.

—Poland

——Colorado
Patagonia
Hanford
Livingston
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Lightning transient can be coincident

LIGO-Hanford magnetometer
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Loudest: GPS=944696231.690, 1=72.091 Hz, snr=75.571

LIGO-Livingston magnetometer
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Loudest: GPS=944696231.660, f=7.022 Hz, snr=9.035
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Virgo magnetometer
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Loudest: GPS=944696231.588, 1=12.256 Hz, snr=121.365

Virgo output port
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Machine Learning for Detector Control [ﬁ

@ Sundar Pichai @2 & & -

@sundarpichai

Improving cosmological reach
of a gravitational wave observatory
using Deep Loop Shaping

Jonas Buchli**+ Brendan Tracey11', Tomislav Andric®>t,
Christopher Wipf*f, Yu Him Justin Chiu't, Matthias Lochbrunner't,
Craig Donnerl-[', Rana X. Adhikari**, Jan Harmsz’3*-[',

lain Barr!, Roland Hafner', Andrea Huber', Abbas Abdolmaleki,
Charlie Beattie', Joseph Betzwieser*, Serkan Cabi’,

Jonas Degravel, Yuzhu Dongl, Leslie Fritz}, Anchal Gupta®,

Oliver Groth?, Sandy Huang®, Tamara Norman*, Hannah Openshaw’,
Jameson Rollins*, Greg Thornton?, George van den Driessche’,
Markus Wulfmeier!, Pushmeet Kohli*, Martin Riedmiller,

The LIGO Instrument Teami

Really excited about this new Al research that’s pushing the boundaries
of what’s currently possible in astrophysics. 5l

m Google DeepMind . @GoogleDeepMind - Sep 4

We’'re helping to unlock the mysteries of the universe with Al. H

Our novel Deep Loop Shaping method
published in @ScienceMagazine could help astronomers observe more events
like collisions and mergers of black holes in greater detail, and gather more ...

understand the
universe

https://www.science.org/do1/10.1126/science.adw1291
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Cryogenics and the ET-LF Payload !ﬁ

Cooling to 10-20K 1s the
most delicate problem to
solve for ET.

Vacuum separation roof

Enable low-frequency
Platform o4 observations of gravitational
waves.

= ET-D: Total noise curve

——STN: ma @ 17 K- mi @ 23 K: Sa - Sa (Monocrystalline concept
STN: ma @ 15 K- mi @ 20 K: Si - Si (Monocrystalline concept)

——STN:ma@ 2K-mi@ 15 K: ST- Si (He-ll concept)
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Quantum Technologies ’ﬁ
S

We need to make quantum
fluctuations lower than the
noise of the vacuum

AF-genarator (fg)
118MHz T

laser ] r-'dl.iljé}'

Isalator

Virgo squeezed-light source

We need to build an optical system
that is close to perfection
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Large R&D and Integration Facilities

Amaldi Research Center
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Detection Horizon

. Years after the Big Bang ; s
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Detection Numbers !ﬁ

ET is expected see of order 100000 binary Virgo/LIGO: hundreds of detections
neutron stars (and 100000 BBH per year) after 4 years of observation

01+02+03+04a = 218, 04b* = 105, O4c* = 68, Total = 391

B E i [ pOpu|ati0n *04b and O4c entries are preliminary candidates found online.
ET
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Number of signals

Details:

Cumulative Detections/Candidates
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LIGO-G2302098(b84be9c4), updated on 18 November, 2025 Credit: LIGO-Virgo-KAGRA Collaboration

Redshift of detected signals
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Binary-Binary Inte

Formation of GW190521-like binaries 30(2)Mg

47Mg

42.5Mg %

Binary-Single M
36Mg @ 36Mg ¥ s00m,
33.5Mg &.

33.5M,,

Lui/Lai, 2021
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Dynamical BH Interactions

b

The cores of star clusters are expected tp
have a high density of BHs facilitating
dynamical BH interactions.
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Astrophysics: Merging Neutron Stars

b

i s , Radioactively powered transients
Relativistic astrophysics .

\z

«
\

\

Testing general relativity

Nucleos nthsis
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Compact-object
formation and evolution

Credit: M Branchesi
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90 ms 170 ms 350 ms

C1 5-3DGWsigna|0-438ms

100 km 500 km 3,000 km

Modeling of supernova signals is an
complex problem and computationally
very demanding

waveform+noise
waveform
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Fundamental Physics

Black holes: the ultimate engine of
discovery [cit Cardoso, 2020]
Do black holes have a

| . ey quantized area? Search for
Gravitatational-Wave “Sound” Signature Og B gravitational-wave echoes!
. — €
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Two black holes dance ever The collision releases massive energy, A small, permanent ripple is left i

L faster towards each other. ) | like the boom of a cosmicdrum. | L the fabric of space-time itself.
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