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ET Candidate Site(s)

ØCurrently there are two sites, in 
Europe, candidate to host ET:
qThe Sardinia site, close to the Sos

Enattos mine
qThe EU Regio Rhine-Meusse

(EMR) site, close to the NL-B-D 
border

ØA third option in Saxony 
(Germany) is under discussion
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Fabulous political support for ET
Sardegna: Italy Euregio Meuse-Rhine: Netherlands Saxony: Germany

50 M€ for R&D/preparatory work

R&D/preparatory work funding
Multi 100 M€ funding to host ET if in 

Sardinia

42 M€ for R&D/preparatory work 

R&D/preparatory work funding
Multi 100 M€ funding to host ET if in 

the Euregio Meuse-Rhine

New research center, ~ 170 M€/yr
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SCB/SPB: General Mission 

The SCB/SPB must lead the effort on the Einstein Telescope site 
related activities
➢ It must coordinate the activities to acquire the required 

characteristics for each site proposing to host the Einstein 
Telescope;

➢ Collect, organize and/or produce all the characterizations and 
documentation needed for a fair comparison of the sites;

➢ Propose a common framework and common basis for the 
evaluation of the candidate sites.
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INFRADEV: ET-PREPARATORY PHASE 
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ØET governance
ØLegal framework
ØFinancial Model
ØWP4: Site characterization
ØProject Office & engineering
ØTechnical design 
ØInnovation
ØComputing Model
ØSustainability Strategy and 

Environmental impact
ØOutreach



WP4 Objectives

ØWP4 is responsible for collecting and processing, from each potential site, 
all the required information necessary for site qualification. This includes 
site specific characteristics that might impact the ET scientific 
performance, socio-economic impacts, legal implications, and civil 
engineering costs. The information will be treated in a coherent and 
transparent manner, with the aim of facilitating a site selection process in a 
timescale consistent with ET anticipated schedule
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Participating institutions: INFN, Nikhef, UW (Warsaw), Wigner RCP (Budapest) & Uliège (Liège) (and anyone else 
is of course more than welcome!)

Available funding: 200 k€ for professional consulting expenses related to civil engineering costs and socio-
economic impacts.
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Deliverables: WP4 of ET/PP-INFRADEV project

Deliverable Comments

D4.1 – M10/Nikhef
Scan of legal affairs

EMR: legal scan awarded to Tractebel/Amberg by Liège University (due jan/2023)

Sardegna: work ongoing, part of large Italian funding application

D4.2 – M15/INFN
Socio-economic impact

EMR: 4 studies performed of which 2 public (ESFRI annex)

Sardegna: 1 study performed of which 1 public (ESFRI annex)

D4.3 – M28/UW
Impact ET performance

Needs input from ISB/OSB. A paper already exists. Must be formulated as 
requirements/characterisations which can be directly measured

D4.4 – M30/INFN
Geology & ET siting

EMR: substantial work still required. Corner points not yet identified

Sardegna: far advanced. Corner points identified (∆)

D4.5 – M42/Nikhef
Cost update civil engineering

Ideally to be addressed as a collaborative efforts in which site related costs & 
risks must/can be differentiated. Alternative: separate site-specific efforts. 
Almost certainly requires close cooperation with civil-engineering industry



WD1 : Physical Variables and 
Characterization (L. Naticchioni, S. Kadmiel)

SP
B/
SC
B

WD1 Physical variables and 
characterization

WP1.1 Seismic noise

WP1.2 Gravimetry & 
Geodynamics

WP1.3 Magnetic noise

WP1.4 Other Env. Noise

WD2 : Geology

WD3 Bidbook

WD4 Cost timing and risk 
assessment

WD5 Legal and site 
preservation

WD6 Socio-economic and 
environmental impact

Ø Definition of the needed physical variables
for the site characterization and for their
possible impact on the detector
performances (↔ISB);

Ø Definition of surface and underground
(and/or borehole) accurate noise
measurements, with procedures and
standards;

Ø Coordination of the measurement
campaigns at the candidate sites (ongoing
and planned) → interaction with the host
teams to have comparable long/short-term,
active/passive measurements;

Ø Definition of standard data formats,
repository and (open) analysis tools.
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WD1: physical variables & characterisation
EM

R
Sa
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Horizontal Vertical

Seismic noise: borehole measurements

Newtonian Noise implications: still a hot topic

Magnetic noise Acoustic noise

Sardegna: done/ongoing

EMR: should do same

General feeling:
Probably not very 

different between sites 
unless major EM 

disturbances around

Sardegna: ongoing in the 
Sos Enattos mine

Preparing 
surface/underground 
Measurement. 
First in Sardegna

Later for the EMR

General feeling:
Only relevant for 

‘shallow’ (< 150 m deep) 
implementations of ET



What we are measuring (or we plan to measure) for site characterization:
- Seismic background: broadband seismometers (10mHz-10Hz), geophones, 

gravimeters (<1Hz);

- Magnetic noise (MFS-06 type magnetometers, 0.1mHz-10kHz);

- Acoustic noise (B&K-GRAS type microphones, 0.1Hz-20kHz);

- Barometric fluctuations (Seismowave MB3a infrasound sensors type, 10mHz-28Hz);

- Radon outgassing (possible only in the Sos Enattos mine, Sardinia site) and natural 
radioactivity

- Weather station (Davis Vantage Pro2): wind, temperature, pressure, rain…
SPB (WD1) – ISB call 9-2022 Credits to L. NaticchioniOctber 18th, 2022 ET ISB workshop 11
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WD1: 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

SPB Workshop - May 23rd 2022 12

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)



WD1: EMR Site Studies
Ø 7 deep boreholes (up to 250m) by the end of 2022

ØBorehole logging and in-situ testing including hydraulic 
testing and stress measurement 

ØDetailed laboratory testing to estimate the strength of the 
rock

ØSeismic studies: boreholes, active and passive campaign 
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(see first ET monthly meeting)
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Future Plan

ØOther Env. Measurements
qAcoustic, barometric , weather measurements
qWeather station (use of public data if available)
qSurface and underground (Sardinia) acoustic campaign
qFirst in Sardinia then in the EMR

ØGravimetry measurement campaign under consideration
q preliminary measurements already performed @EMR
qLong-term measurement planned @Sos Enattos mine (INGV)  
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General feeling:
Only relevant for 

‘shallow’ (< 150 m deep) 
implementations of ET



WD2 : Geology (L. Casini, F. Ngueyen, W. Walk)

SP
B/
SC
B

WD1 Physical variables 
and characterization

WD2 : Geology

WP2.1 Structural geology

WP2.2 Hydrogeology

WP2.3 Geophysics

WP2.4 Geotechnics

WD3 Bidbook

WD4 Cost timing and risk 
assessment

WD5 Legal and site 
preservation

WD6 Socio-economic and 
environmental impact

Ø Target common objectives and timing in terms 
of the subsurface parameters that will impact 
the ET sitting, costs and/or operation

Ø Coordinate team effort and promote 
data/methods exchanges

Ø Provides imaging at regional (tunneling) and 
local scales (caverns)

Ø Derive structural model and rock quality 
model (design TBM)

Ø Define groundwater conditions in terms of 
pressure and flow (prevent issues)

Ø Link with WD1 (e.g. impact in terms of 
vibration propagation) and with WD4 (costs 
impact as a function or rock quality or water 
ingress) + others as well

Octber 18th, 2022 17ET ISB workshop



Site P3: surveys
1 vertical seismic profile

2 high-resolution seismic
profiles with multi-fold
wide-aperture geometry

Deployment by other
teams:

nodal array of 153 3-D 
component cubes (K.I.T.)
2 linear arrays of 3-D 
component cubes (K.I.T.)
DAS vertical array (K.I.T.)
1 broadband seismic
station (INGV-Pisa)

Il SitoA NEW STRUCTURAL MAP

We have merged the lithologic information from published maps (also by comparing
satellite images) and added new data collected in the field.

Sardegna: advanced – (active&passive) Seismic, ERT, Borehole studies 

WD2 : Geology



Sardegna: advanced – (active&passive) Seismic, ERT, Borehole studies 
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1 vertical seismic profile

2 high-resolution seismic
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wide-aperture geometry
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EMR: poor prior knowledge – Seismic, ERT, Borehole studies, hydrology

2D & possibly 3D active seismic Electro-magnetic (resistivity) Gravimetric

Small area: 2019 in Terziet
Large area: Sep/2022 ~ 40 km (E-TEST project)

Anticipated: 2023 ~ 500 km (NGF project) 

Discussed since 2021 with Emerald
Geomodelling (Sardegna & EMR)

First tests Aug/2022

Large air-borne campaign in future?

Considered

WD2 : Geology



EMR: poor prior knowledge – Seismic, ERT, Borehole studies, hydrology

Measurements at two locations each about few 100 ´ few 100 meters and at one smaller area location:
• Moving setup (EM pulses every few meter) as shown in photo
• Stationary setup with a very large (about 40´40 m2) source coil ‘WalkTEM’
• Report (Emerald Geomodelling) expected soon. Hope to reach few 100 m depth

source coil receiver coil

WD2 : Geology



FAT x-line

Long x-line

Dense in-line

3 lines, ~ 40 km total length
Shots every 20 m (3 vibes)
Receivers every 10 m

Extra tests:

• Study 3D potential:
by adding ‘cross’ lines

• Best receiver separation:
400 m line – 1 m spacing

WD2 : Geology – Active seismic campaign

September 2022



Boreholes: 3 done, 1 planned (E=TEST)

FAT x-line

Long x-line

Dense in-line

Extra tests:

• Study 3D potential:
by adding ‘cross’ lines

• Best receiver separation:
400 m line – 1 m spacing

bore
hole

bore
hole

bore
hole

bore
hole

3 lines, ~ 40 km total length
Shots every 20 m (3 vibes)
Receivers every 10 m



WD5: legal issues & site preservation

Terziet

Windturbines
Very popular, even more so with present 
electricity prices



WD5: legal issues & site preservation
Windturbines
Very popular, even more so with present 
electricity prices



WD5: legal issues & site preservation

EMR
Netherlands:- ban on new windturbines

- discussions on future human activities that    
may affect ET performance adversely       
ongoing

Belgium: - discussions ongoing with notably Engie 
(large windturbine supplier) regarding
new initiatives.

- 2-3 existing initiatives challenged in court

Germany: - ?

More measurement campaigns in preparation (with Engie)

Windturbines
Very popular, even more so with present 
electricity prices



WD5: legal issues & site preservation

Sardinia
• several windturbine projects stopped 
• discussions on future human activities 

that may affect ET performance adversely 
ongoing
• Recently a windturbine project got 

authorization (strong discussions on going 
among the national government/local 
communities and scientific community)

• Measurement campaigns in preparation with 
existing windmills 

Windturbines
Very popular, even more so with present 
electricity prices

X

X

X

XXXX
XX



SPB-ISB Interactions

ØJuly 11th: Meeting on July 11: Infrastructure and noise
q Lesson learned from Virgo
q KAGRA experience with infrastructure noise

ØSept. 19th : preliminary call SPB-ISB (organized by L. Naticchioni)
qWD1 Div. Chairs, ISB Div. Chairs (Active Noise Mit., Interferometer, Suspensions) 
qUpdate of physical variables to be measured
qCommon methodology to estimate impact of site characteristics on ET sensitivity

ØTalk and meeting on Site characterization @ ISB workshop
17-21 Oct. GSSI L’Aquila https://indico.ego-gw.it/event/465/
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https://apps.et-gw.eu/tds/?call_file=ET-0164A-22_LessonsLearnedFromVirgoNoiseIn.pdf
https://apps.et-gw.eu/tds/?call_file=ET-0165A-22_KAGRAExperienceWithInfrastruct.pdf
https://indico.ego-gw.it/event/465/


Lesson from KAGRA
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Ground surface vs. Underground (Magnetic noise) 

arXiv:2203.04014

Virgo KAGRA
median ASD
quadratic sum of horizontal

• At Virgo, indoor magnetic noise is larger than the outdoor (~order 2)
• At KAGRA experimental site, some peaks are seen but the floor level is not so dirty.
• The Schumann resonance is observed to be larger in the KAGRA tunnel.

3/12



Lesson from KAGRA
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Acoustic reverberation time 
Reverberation time (decaying time of impulse sound) in the KAGRA site is much shorter than 
that of LIGO and Virgo. 
➢ This is because of the difference in the inner surface of the walls, rather than the location. 
• The original aim of this KAGRA’s wall design was just to save cost and time.

Virgo

KAGRA
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Lesson from KAGRA
Newtonian noise by Water fluid 

T.Suzuki (TITECH)

5m ~
1

.5
m

Cryostat

TM

pipe

KAGRA design

ET design

KAGRA Y-end

) )

d𝐹 =
𝐺𝑀𝜌d𝑉
𝑟2

TM
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• Water fluid in the drain pipe (dynamics of the surface) 

causes the Newtonian noise.

• We are working on a simulation study to estimate it.

• For KAGRA’s configuration (geometry, flow rate, …) 
the NN is smaller than the design sensitivity, but 

larger than the ET design. 
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Lesson from KAGRA

ØAcoustic and magnetic noises at KAGRA are caused by many instruments
qSome of them can be turned off or reduced during observation. 

ØDesign of the inside wall is important to reduce the acoustic noise. 
ØGlobal magnetic noise are amplified by the long beam ducts.

qCross-checking it at LIGO/Virgo/LNGS might be worth understanding the effect of 
the underground. 

ØWater fluid NN might be a serious problem in ET. 
ØOther important topics for underground 

qWorking efficiency, QOL, Safety, ... 
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Lesson from Virgo:
good practices
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Next SPB workshop: Maastricht, 
January 23th-26th 2023

3 days with optional excursion to experience the Euregio Meuse-Rhine and to visit ETpathfinder



Do we miss something important that could affect the detector 
performances (sensitivity, locking, duty cycle…)?

e.g.:
Seismic measurements → ISB-SUSP
Seismic measurements → NN modelling → ISB-ANM-NN
Seismic measurements → glitchness → ISB-ITF
Magnetic noise measurements → ISB-ANM-MN
Environmental measurements → ISB-ANM-ES
…

SPB (WD1) – ISB call 9-2022

ISB-ITF: sensitivity, duty 
cycle…

Credits to L. Naticchioni

SPB-WD1: Physical Variables and Characterization
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