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Einstein Telescope - ET
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ET will be a 3rd generation GW Observatory with a target 
sensitivity ten times better than current advanced 
detectors, but up to 106 better in the LF (low frequency) 
band: 2-10Hz!
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Ҧ M. tǳƴǘǳǊƻΩǎ talk this morning 

Two sites are officially candidate to host ET: EMR 
(NL,BE,GE) and Sardinia (IT) + one potential site in Lusatia 
(GE). Italian candidature became official in June 2023, 
supported by the Italian Government.

Site Characterization is a crucial activity to check if the site meets the fundamental 
requirements, to evaluate the impact of local environmental noises on the detector 
performances and to prepare possible mitigation strategies. Important sources of 
environmental noise (in particular in the LF band): seismic (and Newtonian), magnetic, 
acoustic.

https://www.einstein-telescope.it
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Ҧ M. tǳƴǘǳǊƻΩǎ talk 
 this morning 

ET Executive Board

ISB
Instrument Science Board

Specific Boards

OSB
Observation Science Board

EIB
E-Infrastructure Board

SPB
Site Preparation Board

WD1 Physical 
variables and 

characterization

WD2 Geology

Active Noise 
Mitigation

Site Characterization

Site Characterization at the candidate sites 
is coordinated in the framework of the ET 
Collaboration Site Preparation Board (SPB). 
Strong interaction with the Active Noise 
Mitigation division in the Instrument 
Science Board (ISB).

ET COLLABORATION
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ET in Sardinia, why?
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WNW ESE

The ET Italian candidate site is located in the 
stable Variscan basement of Sardinia. 
- Geodynamic quietness
- Low Anthropogenic noise
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Sardinia is made of:

üQuaternary  alluvial deposits and minor intra-plate volcanism

üTertiary sedimentary basins with volcanic units

üDeeply eroded Mesozoic sedimentary rocks 

üMetamorphic basement widely intruded by Carboniferous-Permian 
Granitoids (Variscanorogenesis; 360-290 Ma)
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- Low E.M. noise
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Sardinia, the geological framework

Corsica-Sardinia 
Microplate

Far from active fault lines, the Corsica-Sardiniamicroplate is
verystableҦ low crustaldeformation.
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http:// www.seismo.ethz.ch

Unaffected by significative
seismicactivity.
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Lithologies: Orthogneiss,granitoids, micaschists.
The red triangle represents the hypothetic ȹ
undergroundtrace of ET. One of the possibleL
tracesis alsoshown. P2 and P3 are the borehole
locations. Ongoinggeologicalsurveyof the area
andreviewof the geologicalmaps.

Good rock quality
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The Sos Enattos site

SosEnattosformer mine
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Á First seismic 
characterization in 2010-
2014

Á ET full site characterization 
started in 2019
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SOE0 

SOE3

SOE2 / SENA

SOE1

(surface, 400m asl)

(-111m)

(-84m)

(340m a.s.l.)

(-150m)

The SosEnattospermanent array

Rolandi shaft SarGrav surface lab
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Á SarGrav control room
Á 1 surface station
Á 3 underground stations



The Sos Enattos site
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Site characterization of the former mine

SOE2 station is integrated into the Italian 
national seismometer network of INGV. Station: 
SENA, network:
- IV (Italian National Seismic Network -  INSN), 

2019-2022/01
- MN (Mediterranean Very Broadband 

Seismographic Network) since 2022/02

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


The Sos Enattos site
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Surface Seismometer Array

A surface array made of tens of seismometers (12 Trillium120 + 3 Trillium20 provided by 
INGV & INFN) have been installed at the top of Sos Enattos mine in January-February 2021.

Preliminary test

Local noise sources and Noise modelization
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The Sos Enattos site
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First results: publications

- L. Naticchioniet al., Microseismicstudies of an underground site for a new interferometric gravitational wave
detector, CQG, 2014, https://doi .org/10.1088/0264-9381/31/10/105016

- 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 ς 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

- M. Di Giovanni et al., Temporalvariations of the ambient seismicfield at the Sardiniacandidatesite of the Einstein
Telescope, GeophysicalJournalInternational, 2023, https://doi .org/10.1093/gji/ggad178

- G. Saccorottiet al., Array analysisof seismicnoiseat the SosEnattosmine, the Italian candidatesite for the Einstein
Telescope, acceptedby EPJP,2023. + several internal notes, reports and talks
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https://doi.org/10.1088/0264-9381/31/10/105016
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
https://doi.org/10.1093/gji/ggad178


The Sos Enattos site
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First results

SOE1
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In the microseismic band (0.05-1Hz)  the main 
spectral feature at ~0.22Hz is produced by the waves 
in the Gulf of Lion (NW Mediterranean sea). Depends 
on weather conditions Ҧ seasonal pattern. 

At higher frequencies, anthropic noise pattern observed.



The Sos Enattos site
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First results

Night-time distributionDefining the Noise-to-Target Ratio of the Newtonian Noise in 
1 minute window (~IMBH duration in ET band)

PSD of NN

PSD of ET sensitivity

P(NRT<1)=0.6 , considering only the nights: P(NRT<1)n=0.86

ҦNeed for moderate NN subtraction only for a limited time

Defining the Newtonian Noise ASD as:
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Newtonian Noise & seismic glitches (based on 2020 data at SOE1)
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Preamble: Spectraat day time
exhibit some sharp spectral
peaks at frequencies~4.2 Hz,
4.6 Hz,6 Hz.

Seismometer array results
SPatial AutoCorrelation:

Array-stacked spectra
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Not-isotropicwavefield
Peaksat f = 4-5 Hz
Propagationazimuthsdirected
WSW (i.e., main sources
locatedENEof the array)
Highvelocities(~2.5 km/s)
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First results
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The Sos Enattos site
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First results Vehicle Tracking close to the site

Timeevolution of azimuthcompatiblewith a vehicle
travelingat 60km/h southwardalongroadSP73.

Largestsignalamplitude is NOTassociatedwhen the
vehicle is closestto the array, but when it traverses
bridgeB2

B1

B2
Array

Confirmed in another study: Geophys. J. Int. 234, 3 2023

G. Saccorottiet al., 2023, 

submittedto Eur. Phys. J. Plus

Seismometer array results
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The Sos Enattos site
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First results Polarization analysis

At low frequencies,the polarizationdirectionsare rather uniform; they are oriented toward NW (marine
microseismicsource). At higher frequencies,the variability of polarizationdirectionsthroughout the array
deploymentindicatesa stronginfluenceof topography.

G. Saccorottiet al., 2023, 

submittedto Eur. Phys. J. Plus

Seismometer array results
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The Sos Enattos site
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First results Magnetic Noise measurements

- In the band of interest of ET the main direct disturbancescome from ULF(10-3-3Hz), ELF(3-
3ϊ103Hz)up to VLF(3-30kHz)radiobands.

- Main natural magnetic noise is in ULF and ELF,produced by resonancephenoman in the
magnotosphereand/or in ionospherecavities

- Most important mechanism in ET-LF:
- Geomagnetic pulsations Pc1 (0.2-5Hz);
- Schumann resonances (5-100Hz)

- Artificial LF sources in ELF (e.g. 50-60Hz powerlines) 
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