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 |Introduction;

* The Sardinia site;
e The permanent instrument network;
e Potential ambient noise sources;

e Characterization of the corners.
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The proposed ET Triangle configuration
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Einstein Telescope

The configuration of ET is aimed at providing a significant improvement in the sensitivity of a GW
interferometer by reducing the influence of noise sources on the detector.
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Currently, the official proposed configuration of ET
consists of 3 underground detectors in a xylophone
configuration ( i.e. 6 detectors) nested in a triangular
shape with 10 km-long arms. An alternative proposal
has been done for two 15 km L shaped detectors in a
xylophone configuration.

In both cases, having more detectors at the same
place requires careful understanding of the local
noise sources.



Understanding noise contributions

 ET will be much more susceptible to ambient noise;

 Characterization of ambient, seismic in particular, noise sources
at low frequency is paramount;

 Seismic ambient noise can be of natural and human origin;

 Understanding the sources of seismic noise provides important
Information to design and adapt the detector’s seismic isolation
and control systems;

Humans and nature excite seismic waves
Seismometers record vibrations from everything,
not only earthquakes. Shown are sources that induce
seismic waves of different vibration modes
(harmonic, diffuse, transient), detectable over
large distances.
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The candidate sites

Two official candidate sites:

e EMR Region (NL-BE-D);

e Sardinia (IT);
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The Sardinia site

Over the years, the Italian candidate site to host the 3rd generation gravitational wave (GW) detector
Einstein Telescope (ET) has been the subject of thorough characterization studies that are still ongoing.

The most significative results obtained so far are included in the following set of publications

« Naticchioni et al. (2014) DOI 10.1088/0264-9381/31/10/105016
» Naticchioni et al. (2020) DOI 10.1088/1742-6596/1468/1/012242
. Allocca et al. (2021) DOI 10.1140/epjp/s13360-021-01450-8
. Allocca et al. (2021) DOI 10.1140/epjp/s13360-021-01993-w
« Di Giovanni et al. (2021) DOI 10.1785/0220200186

« Di Giovanni et al. (2023) DOI 10.1093/gji/ggad178

. Saccorotti et al. (2023) DOI 10.1140/epjp/13360-023-04395-2
» Naticchioni et al. (2023) Submitted to PoS



The Sardinia site

Sardinia was chosen for its unique features:

e low population density;
e very stable environment;
e low seismic hazard;

e among the lowest PGA (peak ground
acceleration) values in Europe;

e The Sos Enattos area is located in the stable
Variscan basement of Sardinia (geodynamic
quietness, low anthropogenic and EM noise).

s

pulation Density | 0 200 400 &0 80 1000

il | N

b s
Peak Ground Acceleration [g]

10% Exceedance Probability in 50 years
0 04

_High Hazard

Peak Ground Acceleration (g] ’
10% Exceedance Probability in 50 years %
Low l Moderate High Hazard - . h w s
M.te F. Temo
Minerva ! ! Burgos
Bonorva S'abba 9 Terme

' calda ) )
Abbarghente Aurora Nuoro San Giovanni

1000 mt

4 o8 ol 0®

500 mt

O mt

10 km

— Es. vert. 4X



The Sardinia site

Sardinia and Corsica are on a separate microplate that is far
from active fault lines and is very stable (low crustal
deformation).

Unaffected by significative seismic activity.
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The Sardinia site

Since 1980, only 50 seismic events have been recorded
In Sardinia. The events closest to Sos Enattos are all

with M < 2.5.

Events with M > 3 occur offshore under the
Tyrrhenian Sea.

Surveys in historical catalogues also report very
sparse seismicity.




The Sardinia site

« in 2010, during the preparation of the first conceptual design of ET, several sites in Europe were studied for a 3G GW observatory.
Among them, Sos Enattos in Sardinia appeared to be one of the most promising;

* The mine, although closed, was not abandoned. Therefore it provided the adequate manpower, infrastructure and experience to start
underground characterization studies in 2014;

 Today, the mine is considered a regional heritage site and is open to guided tours. It also hosts the SarGrav laboratory and the
Archimedes experiment;

.

Main well Former mineral processing unit SarGrav laboratory
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The Sardinia site

According to the current proposed orientation for the ET T
vertices of the interferometer have also been identified.

riangle, the sites to host the actual
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The Sardinia site

The call for tender will also ask to study the L
configuration.

At the end of the call, the precise locations of
the triangle corners and of the L end stations
will be identified.
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Permanent Instrument Network

Since 2019, in Sos Enattos there are:

« 4 permanent seismic stations for long term studies:
L S T
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- Surface: SOEQ;
Tunnel : ol

- Underground: SOE1, SOE2, SOES;

« 1 weather station;

« 1 microbarometer;
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Permanent Instrument Network

In 2021, more permanent sensors have been
installed at 2 of the proposed vertices (P2/3):

« 2 broadband seismometers on surface;
« 2 broadband seismometers in borehole;
« 2 magnetometers at P2

In the near future, more sensors will be installed
also at P1.
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Permanent Instrument Network

@8 ISTITUTO NAZIONALE DI GEOFISICA E VULCANOLOGIA

Earthquake List Instruments ISIDe Scientific Products~
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Seismic Station SENA sos enattos vine network:

B0 - |V (Italian National Seismic Network - INSN),

Longitude: 9.4566

. - MN (Mediterranean Very Broadband
b Seismographic Network) since 2022/02
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Nenth- 111 Sensitivity Value- 478760000
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Sos Enattos - Broadband array (January 2021) P2 broadband array + geophones (September 2021)

Aimed at characterization of the corners for
seismic noise properties and NN purposes
(correlation analysis).

Broadband array (early 2023)
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Potential noise sources

We identified some potential noise sources, both of natural and anthropic
origin. Some of them have been clearly identified and characterized. Other 2db . 4P pag
are still being investigated to assess their contribution to the overall @ Ao eheolon $ 1‘1§,|I ’
background noise in Sos Enattos. G g '
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day/night cycle from human activities (mainly farming activities); AR T s el SR §

- two road bridges in the neighborhood of the mine;
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- wind farms; 2 : el
o Sos Enattos .

- no other relevant infrastructures in the area.
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Noise levels

the seismometers;

* The seismic stations have an excellent raking between 2 Hz

Noise level in Sardinia are very low and hit the self noise of

and 7 Hzwhen compared against other quiet seismic stations

all around the world;

* For more details see Naticchioni et al. (2014, 2020) and Di

Giovanni et al. (2021, 2023)
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Seismic velocities
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Ambient noise (natural sources)

 Using correlation and polarization analysis, we
identified the region of the Mediterranean Sea that
contributes the most to the generation of
MICroseismes;

 The identified region is in agreement with previous

seismological studies of the Mediterranean basin
[Chevrot et al. 2007];
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Ambient noise variations (nhatural sources)
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Ambient noise (natural sources)

Array analysis confirms the direction of microseismic noise at low frequencies. At higher

frequencies, the variability of polarization directions throughout the array deployment
Indicates a strong influence of topography.
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Ambient noise variations
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Ambient noise
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Ambient noise variations (anthropic sources)
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At the beginning of 2021, the deployment of a
seismic array by INGV at Sos Enattos, revealed
the presence of spectral peaks that seemed
compatible with the presence of two road bridges

nearby;

ldentification of a noise source in Sos Enattos
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ldentification of a noise source in Sos Enattos

At the end of 2021, GSSI deployed 5 geophones
for five days to confirm the origin of those peaks.




 Spectral correlation confirmed the origin
of those peaks;

 The distance of the bridges from the site
IS no more than 1.5 km;

Those peaks also have a seasonal
frequency drift with different rates;

 This may be caused by temperature
variations that change the vibrational
properties of the structures;

 Engineers observe drift to lower
frequencies as the temperature increases
and vice-versa as the temperature
decreases;
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Impact of glitches
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Magnetic noise measurements

e In the band of interest of ET the main direct disturbances come from ULF (10-3-3Hz), ELF
(3-3-103Hz) up to VLF (3-30 kHz) bands;

¢ Main natural magnetic noise 1s In ULF and ELF, produced by resonance phenomena in the
magnotosphere and/or in ionosphere cavities like Geomagnetic pulsations (0.2 Hz - 5 Hz) and

Schumann resonances (5 Hz - 100 Hz);
e Main source of artificial noise in ELF are power lines (50 Hz - 60 Hz).
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Magnetic noise measurements
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Magnetic noise measurements

The long-term monitoring in a such quiet site, allows to clearly detect regular
structure or periodic variability (mainly Schumann Resonances);
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Acoustic measurements

* The Acoustic noise characterization is mainly
performed inside the Sos Enattos former mine.

* Microphones (GRAS 46 AZ) are installed in
surface (SOEQO) and at each underground level
(SOE1, SOE2, SOES3).

* Data available from December 2021 (SOE2) and
from December 2022 (SOEQO, SOE1, SOE3)

* Other microphones installed (for comparison) by
Poland group

* Infrasound microphones at P2,P3: installation
planned (GSSI), also for acoustic NN modeling.
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Characterization of the corners
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Characterization of the corners
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Wind turbines

e Some small wind turbines are located in the area close to
P2 and P3;

 According to Westwood et al. 2015, noise from small low-
power turbines exhibits a significant attenuation already at

200m:;

e At the moment, the our attention is devoted to the
Budduso wind park, 15 km away;

 According to studies for the Virgo site (Saccorotti et al.
2011), big wind parks can produce peaks at less than 2.5 Hz
and visible up to 10 km.




Wind turbines

 Recent deployment of a seismic array between the

wind park and P2 issued the first results;

* Main peak at 3 Hz + harmonics
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Conclusions

e Sardinia is geologically very quiet, far from active fault lines, and characterized by low anthropic noise.

e New and deep physical and geological characterization of the Sos Enattos area since 2019, where a
large array of permanent sensors has been deployed. Two instrumented boreholes at the other two
corners operative since 2021.

e Measurements show a peculiar very low level of seismic noise in the ET-LF band (2-10Hz), where the
noise level match or goes even below the Peterson’s NLNM! The projected (seismic) Newtonian noise is
also compatible with the ET-D sensitivity curve.

e Low electromagnetic noise, acoustic noise measurement ongoing.
e Possible local sources of noise (e.g. wind farms) are under study.

e From the geological and physical point of view, Sardinia is an optimal candidate to host the Einstein
Telescope, either in A or in L configuration!



