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~100 years

GW: a long history…

Credits to E. Cuoco et al.
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𝛿𝐿 ∝ ℎ % 𝐿

GW amplitude
ℎ ≈ 10!"#

The distance between two free-falling masses separated by a km
will change by 𝛿𝐿 ≈ 10!#$𝑘𝑚
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Gravitational wave interferometers
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Virgo Collaboration

Credits to D. D’Urso et al.



GW DATA ANALYSIS

GW SIGNAL NOISE

We need to enhance the signal and reduce the noise
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Signal Recycling mirror to reshape the detector frequency
response

Power Recycling mirror to recover the power reflected
from the arms and increase the optical power (PR)

Input and output mode cleaner to reject the laser high-
order modes

Fabry-Perot cavity for “longer arms”: the presence of the
optical cavities increases the number of round trip of the
light, therefore enhancing the gain of the instrument

Enhance the signal
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Here you can see GW signals

Here only noise
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LOW frequency Middle frequency High frequency
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Seismic
Newtonian

Residual 
technical noises
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• Superattenuator to reduce seismic vibration: 
reduces mirrors seismic vibration by a factor 1012

Reducing seismic noise:
• Choose a good location
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Reducing seismic noise:
• Ultra high vacuum:

7000 m3 @ pressure of 10-9 mbar
The biggest ultra-high-vacuum system in Europe

Credits to D. Rozza



21
Credits to D. Rozza



22
Credits to D. Rozza



23

Thermal noise
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Reducing thermal noise:

• Beam size as large as possible
• Coating techniques to reduce the losses
• SiO2 monolithic suspensions 400 𝝁m
• Mirrors of 42 kg in weight to reduce the effect of the 

radiation pressure
• SiO2 mirrors with a residual roughness < 0.5 nm

Test mass mirrors

42 kg
20 cm

35 cm

55 cm

Beam splitter mirror
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Quantum shot noise
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Reducing quantum noise:

• Increased finesse of arm cavity
• High power laser
• Squeezing technique

Shot noise: photon counting noise

Radiation pressure noise: Photons
fluctuations translate in radiation
pressure fluctuations, giving rise to
random motion of the mirrors

P = Power
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• Advanced LIGO and Advanced Virgo have
completed the third observing run and are
being upgraded toward LIGO A+ and AdV+
operations (O4: 2023-2024 – O5: 2026-2028)

• Further upgrades are being planned for post-
O5

Gravitational wave events
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How we detect 
transient signals: 
modelled search 

Matched-filter

Credits to E. Cuoco et al.
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Third generation interferometer requirements
3rd generation GW observatory. Sensitivity aims at least
one order of magnitude better with respect to the
nominal sensitivity of advanced detectors in all the
detection frequency band

Precision measurement and a new discovery project.
A wide frequency band observatory

Special focus on massive (or intermediate mass) black
holes. Extraordinary sensitivity at low frequency (few Hz)

High reliability. High observation duty cycle

Lifetime of several decades. Capable to host the
evolution of the detectors, without limiting their
sensitivity
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Einstein Telescope detector
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• Wide frequency range
• Massive black holes (LF focus)
• Localisation capability
• (more) Uniform sky coverage
• Polarisation disentanglement
• High Reliability (high duty 

cycle)
• High SNR

• Xylophone (multi-
interferometer) 
Design

• Underground
• Cryogenic
• Triangular shape
• Multi-detector 

design
• Longer arms

Requirements Design Specifications
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ET will be a new discovery machine: ET will explore almost the entire Universe listening the gravitational waves
emitted by black hole, back to the dark ages after the Big Bang

ET will be a precision measurement observatory: ET will detect, with high SNR, hundreds of thousands
coalescences of binary systems of Neutron Stars per year, revealing the most intimate structure of the nuclear
matter in their nuclei

Einstein Telescope science

SNR
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ET will be a new discovery machine: ET will explore almost the entire Universe listening the gravitational waves
emitted by black hole, back to the dark ages after the Big Bang

ET will be a precision measurement observatory: ET will detect, with high SNR, hundreds of thousands
coalescences of binary systems of Neutron Stars per year, revealing the most intimate structure of the nuclear
matter in their nuclei

Einstein Telescope science

Below 10 Hz the main noise
source are due to seismic
noise and Newtonian noise

We need to find a place
characterized by a low
environmental noise
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Credits to L. Naticchioni

The region under analysis is the Sos
Enattos former mine, close to the town
of Lula (Sardinia, Italy); but the
characterization studies regards also
other town like Bitti and Onanì.

Where we are

Credits to D. Rozza
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• Located in Sardinia (Italy) close to Lula (Nuoro)

• Very low noise infrastructures, designed to host low seismic noise 
experiments, cryogenic payloads, low frequency and cryogenic 
sensor development (as confirmed by already published data)

• Large area on surface available for experiments (~900 m2). 
Additional facilities will be added in the forthcoming months.

• Several underground stations available for site monitoring. Small 
underground area available for experiments. Plan to realize a large 
underground lab (250 m2), feasibility study completed. 

Credits to L. Naticchioni, A. Allocca, D. Rozza
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Einstein Telescope
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ET noise budget
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Sardinia Site
Long-term measurements

Credits to L. Naticchioni

integrated into the INGV seismometer network

http://cnt.rm.ingv.it/en/instruments/station/SENA 

SarGrav surface lab

SOE0 (surface)

SOE1, SOE2, SOE3

(-84m, -111m, -160m)

Characterization of the Bitti and 
Onanì corners:
Surface and underground seismic 
and environmental measurements

45

4 broadband seismometers, 3 short-period seismometers, 2 
magnetometers, 1 microphone+microbarometer and 1 tiltmeter 
distributed over underground and surface stations

P2 (-264m) : 2021/10/01– 2021/03/20

SarGrav surface lab

SOE0 (surface)

SOE1, SOE2, SOE3

(-84m, -111m, -160m)
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Credits to L. Naticchioni
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Short term analysis
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• Seismic noise analysis due to Ocean and Mediterranean sea

• Local noise sources: weather, rain, wind…

• Anthropic noise

What can we learn?

Credits to G. Saccorotti

Credits to D. Rozza
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Vehicle speed…

Credits to L. Naticchioni
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Bitti and Onanì corners
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Bitti and Onanì corners
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56SarGrav area
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SarGrav control room
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The first experiment hosted: ARCHIMEDES

Experimental Goal: measurement of the interaction between vacuum
fluctuations with gravity weighting a Casimir multi-cavity while
changing the reflectivity of its layers. A change in the reflectivity
corresponds into a variation of the internal vacuum state energy.

Apparatus: high sensitivity balance working in cryogenic
conditions (~90 °K).

Credits to D. Rozza Credits to D. RozzaCredits to M. PerciballeCredits to L. Errico



Credits to D. Rozza

Credits to L. Errico

Credits to L. Pesenti
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The first experiment hosted: ARCHIMEDES
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Credits to L. Errico
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• L. Naticchioni et al., Characterization of  the Sos Enattos site for the Einstein Telescope, JPCS 1468, 2020,
https://doi.org/10.1088/1742-6596/1468/1/012242

• M. Di Giovanni et al., A seismological study of  the Sos Enattos Area – the Sardinia Candidate Site for the Einstein Telescope, 
SRL, 2020, https://doi.org/10.1785/0220200186

• A. Allocca et al., Seismic glitchness at Sos Enattos site: impact on intermediate black hole binaries detection efficiency, EPJP, 
2021,  https://doi.org/10.1140/epjp/s13360-021-01450-8

• Others in preparation…

Sar-Grav may host ET technology prototypes
to test them in the ET expected noise conditions.

F0
F01

IP1

dummy
mass

IP2

platform

ET - suspensions

https://doi.org/10.1088/1742-6596/1468/1/012242
https://doi.org/10.1785/0220200186
https://doi.org/10.1140/epjp/s13360-021-01450-8
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