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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Introduction and objectives

Duration: M1-M48
WPL: NIKHEF.
WP4 chairs: Domenico D’Urso (INFN), Wim Walk (NIKHEF), Andreas Rietbrock (KIT)

General Objective: The general objective of WP4 is to facilitate the site selection process by
collecting — and wherever possible quantifying — all relevant site-specific aspects entering the
ET site selection process.

Objectives for this period:
- Report on site-specific characteristics that impact ET sensitivity and its duty cycle
- Report on a common methodology to estimate impact of site characteristics on ET
performance
- Inventory of Legal Procedures to be taken prior starting excavation
- Update of socio-economic impact of ET infrastructure
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory
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Three sites candidate to hosteT:
* The Sardinia site, close to the Sos Enattos mine S Y ot NETH
 The EU Regio Rhine-Meuse site, at the NL-B-D border :

* Lausitz, Saxony (D) A i ,:ﬁ‘_’f;’%;:;
« Site selection and the optimal geometrical configuration EU Regio ey uncn
(1 triangle or 2L in two different sites) is still under Rhie-Meusse  Saxonye, . SiSes
discussion. Doy FRANC? o i
Overall site evaluation is a complex task depending on: -
* Detector performance e Sarcﬁma lT;;.«L-tw
* Geophysical and environmental quality ool oo, \ b
* Financial and organization aspects MNP SPAIN S
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Tasks

Tasks and activities are leading by Site Host Teams, by the

ET Collaboration and coordinated by the Site Preparation

and Characterization Board of ET

« Measurement campaign and data analysis of
environmental sensors to understand relevant site
characteristics for ET detector performance. Data
analysis of environmental data.

« Meetings to discuss results and methodology.

 Produce intermediate ET Collaboration papers and
presentations.

« Develop geological and hydrogeological models for ET
positioning

« Study of legal scenario of candidate country

« Update overall costs
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Critical risks, deviations from Annex |,
contingency plans

Critical risks

* WHP4 is the responsible for collecting and processing all the required information necessary for site qualification.
Activities are managed directly by site Host Teams, which are implementing different organizational strategies,
constrained by the national and regional fundings conditions (in 2022-2023 42M€ for the EMR team and 50M<€ for the
Sardinia team, 22ME€ for the Lausitz and additional funds have been allocated in 2024-2025).

e Host Teams have different timelines.

e ET Collaboration is working on the definition of detector specification and on a common definition of standards for site
characteristics measurements and of standard modelling and interpretation

» Site selection criteria and the optimal geometrical configuration still to be set
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Critical risks, deviations from Annex |,
contingency plans

Deviations from Annex 1

M2 Document detailing the site-specific characteristics that impact ET sensitivity and its duty cycle — Resubmitted (Initially
Rejected)

M3 Common methodology to estimate the impact of site characteristics on ET sensitivity and operation and, if required a
scheme to compensate it — Delivered in April 2025 (Expected in Jun 2023)

D4.1 Scan of legal procedures, permitting and land acquisitions — Delivered

D4.2 Updated socio-economic impact studies. Scan of accessibility, quality of life etc. —Delivered in April 2025 (Expected
in Nov. 2023)

Eﬁ TEE&E&EAE Project: 101079696 — ET-PP, 2" review meeting 6




2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Critical risks, deviations from Annex |,
contingency plans

Deviations from Annex 1

D4.3 — M47: Complete quantification of all the aspects impacting the ET performance for each site (Exp. in M28/Dec24 )
D4.4 — M42: Report on 3D geology, hydrology, etc. model with localisation of the ET infrastructure (Exp. in M30/Feb25)

D4.5 - M47: Updated cost and schedule estimates of the excavations, including, if necessary: instrumentation for
Newtonian Noise cancellation; costs of debris removal; costs of land acquisition, permitting, etc. (Exp. in M42/Feb26)
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Critical risks, deviations from Annex |,
contingency plans

ﬁcharacteriza(;i(?;)Board Chairs: Domenico D’Urso & Wim Walk, A. Rietbrock \
Contingency:

/WDl: Noise Measurementm / WD2: Noise Evaluation &\ ﬂ/D& Geological and
e H Validation Geotechnical Evaluation
- New SCB Organization
WP1: Seismic - Noi
i WP1: Noise Impact WP1: Structural
- ETC TaSk FO rce Noise Evaluation Geology
H H WP2: Gravimetri NP
for Noise Impact Evaluation ravimetrics WP2: Noiso Impeot e
alidation
WP3: Magnetic LU EIEE
Noise WP3: Geophysics
WP4: Other

\ Environmental Noise WP4:Geotechnology/
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Dellverables and milestones

1If2 2022 |Half 1, 2023 Half 2, 2023 Half 1, 2024 | Half 2, 2024 Half 1, 2025 Half 2, 2025 Half 1, 2026 Half 2,
ASOND) FMAM)] ] ASOND) FMAM) J] ASOND) FMAM) )] ASOND)] FMAM]) ] AS
EIWP4. Site Preparation

il
[22)

Start of ET-PP I
M4.1 Document detailing the site-specific characteristics ¢

M4.2 Common methodology to estimate impact of site characteristics

D4.1 Scan of legal procedures
D4.2 Updated socio-economic impact studies

D4.3 Complete quantification of all the aspects impacting the ET
D4.4 Report on 3D geology, hydrology, etc. model with localisation of ET | | [0 e T B S T

D4.5 Updated cost and schedule estimates of the excavations

Milestone Name Expected date

Document detailing the site- M6/Feb23
specific characteristics that

Scan of legal procedufes M18/Oct.23
Updated socio-economic impact studies M31/Apr25

Complete quantification of all the aspects  M47/Jul26

M25/0ct24 . . )
impact ET sensitivity and its impacting the ET performance for each site
duty cycle Report on 3D geology, hydrology, etc. M42/Feb26
Common methodology to M33/April25 model with localization of the ET

infrastructure
Updated cost and schedule estimates of the M47/Jul26
excavations

estimate impact of site
characteristics
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Contribution from each partner

INSTITUTION PM as per Annex| PM in RP2 the PM in the
> PM affected bv th I period RP1 period
affected by the
limitations in the INFN CONTRIBUTIVES 10 0 0
declarations from REQUESTED EC 0 0 0
Beneficiaries [INFN - e CONTRIBUTIVES 12 3,43 0,9
affiliated not included**] REQUESTED EC 0 0 0
(Some of our WP NIKHEF CONTRIBUTIVES 10 24,64 2,74
coordinators time is not REQUESTED EC 0 0 0
CONTRIBUTIVES 13,2 3,8 3,3
counted here) CTENTE
REQUESTED EC 0 0 0
Total Person Months CONTRIBUTIVES 45,2 31,87 6,94
Total Person Months REQUESTED EC 0 0 0
45,2 31,87 6,94
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Current Status (May 2025):

e 11 new boreholes completed 300-400m deep

* Total of 16 boreholes being evaluated

« 2" porehole campaign starting May 19t evaluating geo-mechanics at potential (s W\\‘\-‘i,\,m' ' 3
vertices to correct depth, and also equipped with seismometers Y 1/,, Al TR L e

* Noise measurements at surface ongoing

* Subsurface noise network being installed for 10 boreholes, results Q2-Q3
* All seismometer boreholes also equipped with DAS and VSP

* More sophisticated noise modeling being developed by dedicated team
* Noise mitigation schemes starting to be addressed
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Einstein Telescope boreholes swdaareafotnomtemmrtex A"

Drilled, contains piezometer PRI IR I SRS AT I LS o~

11 new boreholes in 2024

]

@ Drilled, contains seismometer A

B Orilied, technicat failure .Banholl et

@ Not yet drilled, will contain plezometer .+, " Netherlands
@ Not yet drilled, will contain seismometer

* Flanders: 3 locations in
Voeren

Line of schematic cross section

P
 Wallonia: 5 locations:
Plombieres (2), Aubel,

Welkenraedt and Lontzen

Te me ) ( : {///
L

Dutch Limburg:
3 locations in Vijlen (2)
and Epen

Wallonia

* Extremely low impact on
Environment

e  Communication
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Einstein Telescope boreholes

Map of completed boreholes

Drilled, contains piezometer
Drilled, contains sesmometer
Drilled, technical failure

Not yet drilled, will contain plezometer .~.".*"

Not yet drilled, will contain selsmometer

Line of schematic cross section

St-Pietersvoeren-1
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11 new boreholes in 2024

* Flanders: 3 locations in
Voeren

e Wallonia: 5 locations:
Plombieres (2), Aubel,
Welkenraedt and Lontzen

* Dutch Limburg:
3 locations in Vijlen (2)

and Epen

* Extremely low impact on
Environment

e  Communication
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Seismic & Noise Measurements:

e Surface noise measurements y \fvﬁg&cfu‘;‘é?;g?gcg‘;ge ;
(example below Terziet)

* Fully instrumented
windturbines

* Starting at identified noise sources geophone « 4 towers for meterological data
were placed along scan-lines: * Eddy covariance (vert. turbulent
* Airport, quarries, wind-turbines, tunnels, pipelines, . ililé);)r (wind monitoring, etc.)
Mijnwater geothermal site, ... * Ceilometer (cloud height, etc.)

* Tower movements
Bending moments
M B % »  Torsional moments

Acceleration
%k k

e Next Priaritv: At nntential cniithern vertex of

* Broadband seismometer (0.05-
45Hz)

* Rotational geophones on
foundation

* Dense grid of geophones around
the foundation (Nikhef et al.)

* Acquired from 20.12.24-21.01.25

. Data to be collected at a
common site for sharing




Seismic & Noise Measurements (2):

6 DAS-Fiber installations completed, VSP and 2D acquisition starting

* Example DAS installation at Obsinnich: * ~100km 2D seismic with e-Vib’s

DAS- and

DSS-cables

DAS-bottom hole |

assembly
& Checking every
4 ~20m for loss of
. signal (OTDR) Testline at Obsiiich
Centralizer T
\~ ” 1
’ \_—
* 6VSP’s
< A
+.

3
g 285mdown| 285m up P s -
e ) i -
E ( ¥ =~y
5 s Bre-
b= T
o
o
LN

~1000m
Test VSP at Obsiiich .
. \ A




Noise for EMR Ff |

 Measuring the noise

Replacing preliminary Terziet data by EMR representative data from noise network at target depth
Sensor network being implemented, expect first results this Summer

* Modeling the noise

e Structured geology provides (additional) opportunity for noise mitigation

* Requires careful and approved NN modeling for the EMR region
Measuring the noise at surface and subsurface
e Dampening effect for subsurface
Propagation to the corners of the triangle

* Propagation of seismic waves depend on the geology structure and lithology
e EMR has complex geology with softer top-layers that dampen
Effect of the residual PSD noise on the ET instrument

e Calculation of NN contribution, using adequate models for geology and sources
 Requires careful and approved NN modeling for the EMR region

e Specialists team put in place to develop modeling

* Mitigating the noise
e Active and passive mitigation (e.g. geometry of the caverns) A
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- Review of the geological and geotechnical data ——

- Dedicated geo-mechanical / civil-engineering team
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- Facilities and Infrastructure
- Developing alternative construction scenarios

- Estimating building cost most likely triangle construction scenario
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Most Likely Triangle — based on current knowledge
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Action lines

e Two Geometrical Options: A vs 2L

 Legal Framework and authorization (D4.1)
* Socio-economic impact (D4.2)
e Site monitoring (M4.1)
 Noise impact Evaluation (M4.2, D4.3)
 Geological studies (D4.4)
* Engineering studies (D.4.5)

e cost and time estimation



Why A vs 2L ? Optimize Science return

The 2L 15 km geometry shows,
wrt 10km A shape, an improved
science return in the majority of
science targets

Marica Branchesi et al JCAP07(2023)068
https://doi.org/10.1088/1475-7516/2023/07/068

1. All the triangular and 2L geometries that we have investigated can be the baseline
Jfor a superb 3G detector. thal will allow us to improve by orders of magniludes
compared to 26 detectors, and allow us to penetrate deeply into unknown territories.

2a. The 2L-15km-45° configuration in general offers better scientific return with
respect to the 10 km triangle. improving on most figures of merils and scientific
cases. by factors typically of order 2-3 on the errors of the relevant parameters.

2b. The 2L-15km-15° configuration and the 15 km triangle have very similar perfor-
mances on all paramelers both for BBHs and BNSs, excepl for luminosity dislance.
where the 2L-15km-45° configuration is better by a factor ~ 3 in the number events

with accurately measured distance.

. A single L-shaped detector is not a viable alternative. independently of arm length.
If a single-site solution should be preferved for ET, the detector must necessarily have

the riangular geomelry.

4. The low-frequency sensitivity is crucial for exploiting the full scientific potential
of ET. In the HF-only configuration, independently of the geometry chosen, several

crucial scientific targets of the science case would be lost or significantly diminished.

5. There are some important targets of the Science Case that depend only on the
HF sensitivity, and that could be fully reached with an HF-only instrument.

6. For some important aspects of the Science Case. the 2L with 15 km arms af
45°, already in the HF-only configuration, is comparable the 10 km triangle in a full

HFLF-cryo configuration.
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Einstein Telescope: Economic and Social
Impact Assessment

TIVE repOn SUmeranzes the report “Emsten Tewscope - AN evebuaton of The orec and Sockal Effects of & New
Research Infrasrsctore’ readoed by Guso L ot ol wAch will De pdsted 5 11 ale0 draws 0N & previous version of

Nuoro

The report Uied “Ermten Telescope: A0 astetsament of its economic. sooul and envirormental Impact iIn Sardeis” (Alzes

G. L ot of, 2000)

Propect Overview

The Dinstain Teloacope (ET) is &
\8°ge 3cale rescarch rérsatrcture
Propect simed ot dewsloping & neat
QI AT O WOl wiee
Getectin 30 chserve and Wady
reveatonsl waver. The project’s
SOnfic ancelience wan officialy

S5rg K among Phe research

ideal Location

The Ralan canddate ste of Sos
Enation, located in Sardine, viends
out 88 the ideal location In fusope %
howt ET R 1y meets the sowntric
regurerment of an enwronment e
fromn bachground noise Thanka 10 The
Compiete abserce of ewrthaushes
and selamic naks i Bhe regron, aa
il 3% the low POpULETON derary
Mmited economic sctity snd
menarad 1oad NAasTuctae N The

TN sea

Econcmic kmpact

The construction phase (15420
milicn) i expected 0 generste
CANN7.5 ovllon In total st with &
mutipher eftect of 3.72 pavr ewn
spent, contibuting €2.196.5 milion
9 GOP and createg appronianaely
3022} fubhseve equivelent jobs. The
cperational phase ({57 8 milhen per
your) | projected % Qenerane
€204.21 milion In arvusl output with

1,202 sentained jobs

i e of pan Europeen

e Einstein Telescope -

valuation of the
. 2 Economic and Social Effects
Einstein Telescope B e oot g ot e e e Gt e B
¢ et . _— of a New Research
Socio-economic impact in Sardinia Stratogle Poatures
R S v s oot A A AR e Infrastructure
oot o o GARS T ettt (Guiso L. et al., 2025, to be
published)

Geographical Advantages An
e Enatioe oMfers 8 formmer e where N N b Beor condiutrg Lnderground Mresturermants srce 2010
The regeons rear 4otel sbaerce of eaMGushes a0 sen . Aok I8 OrUCH v graviationsl wave detecir
The 3rwa 11 among e least Gen ey popisted N Lurop e per BIuse LIOmeter] witt Ml

The region olfers EXtensive SCCOMMOAYEon Capacity (07,
Grect mordede BT CONMECTIONS via TN Mol BP0, 30 wed equpped ports. The GARR T network
DAOVRS FRAT VBTl PRI WY 8 felet Tetesteal (O B rrg B Bull Bbemarine Cabies

CONMOCENg 10 Marians itaty

Report update
Prepared by the INFN

Scientific & Social Impact

ET wil signfic antly advance sCunfic incwiedn 80:088 mulple fekds, wih an expecied 5,000+ sownafic
DRSNS Cver 118 3O yed 0o anonal [enod. Yourg scholers wirking 3 ET Can expect on annuel salary
prariuen of (2AZ8 73 The feciiny will attrect sppesuirnanely 7 X ey per yewr and gererste sddtona
banetes through patents, resesrch spn-offs, Improved ocal services, and foresgn drect imvessment
aStraction

Local Community Benefits

The porigharal 508 [Nem08 area, Oumently EEperiencing PORASEON decing 8nd high unempioyrmens, coulkd
00 3 reversal of these bwnds Hrough Incressed dermand for public services, row In the Bousing market
o grewcar demand 10r commersial sarvices. Tha project has siready encowrsged municipeities 10

CcoRalarwie 0 kong YT Geveloomert Alraleges #d hat berved 81 8 Medatr smong kcel vlahetckders

Several intiatives have already been planned and funded for 2 %otal of 1042 20ME by the Ralian Government, and
405,90 M€ by the Seedinia Regional Government.

ITALY \
Einstein Telescope




~

.‘»( : ~




The ET Iltalian candidate site is located in the

stable VARISCAN BASEMENT OF SARDINIA
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optimization is ongoing.
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'PERMANENT ARRAY since 2021" ;3 s o

TANDALO
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Preliminary Site comparison
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Manuscript available at https://arxiv.ore/abs/2503.02166
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Preliminary Site comparison

Seismic Newtonian Noise effect on GW signal detection

IMBH
About 1000 events

Sardinia Terziet (EMR) Sardinia
Nominal SNR distribution and 50" percentile

SNR dasrbution S0t percentie

Manuscript available at https://arxiv.ore/abs/2503.02166

Results:

BNS

About 1500 events
Terziet EMR )
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Feasibility and engineering study completed
by 2025, ready-to-tender

Q1 Q2 Q3 Q4 Q1 Q2 . Q3 Q4
A 4\
Contract starts Survey plan defined iLrJ]?rc;z:?Jgtlij?’gs
Underground 70% survey project
infrastructure completed
concept defined

Surface infrastructures and
plants project
Authorizations plan

DNHS compliance
Environmental impact
Construction logistics
Rock disposal/valorisation
Cost ready for bid

ETO Design Task Force A and L
updated optical layout

ETO A optical layout

ETO L optical layout

LA LN &

All the needed information for D4.4 and D4.5 will be available by the end of 2025
33



ET Italian Community
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Contacts

Matteo Serra, ET Italy communication, matteo.serra@ca.infn.it
Monique Bossi, ETIC Project Manager, monique.bossi@pg.infn.it
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Location and site characterisation Q(IT

TELESCOPE Karlsrubhe Institute of Technology

Starting in 2023:

» Re-evaluation geological model and faulting
structure of granodiorite massif

« 2 borehole seismometers running (170m and 250m
depth); 1 surface station

* Dense deployment of 200 seismic stations for 6
week period (central region, April 2024)

* Dense deployment of 100 3C seismic stations for a
one year period (running since Dec. 2024)

4 ®zgorzelec » 10km of active shallow seismics to characterise the

I velocity model

* Dense deployment of 200 seismic stations for 6
week period (south-east region, June 2025)

« Rock mechanics studies to estimate elastic moduli
and permeability

.Liberec

KIT — The Research University in the Helmholtz Association WWWkited u



Re-evaluation of historical Boreholes
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Re-evaluation of over 4000 historical boreholes down to C

the granodiorite.
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Updated geological model and drilling campaigns
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Karlsrihe Institute of Technology

Triangle location as
outlined but can be still
rotated

L-shape configuration
rotated by 45 degrees
in respect to Sardinia
to maximise detection
capabilities of the two
Ls (close contact with
Sardinia)
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Integrated Geological Model: Base for noise evaluation m;;.mm
EINSTEIN _\_\](IT

TELESCOPE

Karlsrihe Institute of Technology

Tertiary

\ Kaolin

Granodiorite (weathered)

Granodiorite

‘i Graywacke

Gorlitz Slate Mountains

Schwarze Elster

gtz Baenra

Surface expression Quaternary cover stripped
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TELESCOPE Karlsrubhe Institute of Technology

Gravimetry Measurements )
- - ' . EINSTEIN ﬂ(IT

L A R
s "ft‘?.o:o ::

e T

Re-measurement of area will low point
resolution (2 km) is currently in process

Gravimetry with different point resolution
(2 km, 400 m and up to 10 m)

KIT — The Research University in the Helmholtz Association WWWkit.ed u



Timeline and (inter)dependencies AT

Karlsrihe Institute of Technology

/Structural investigation 6ri|ling project @nvironmental noise mﬁrastructure
<:::$ <::>characterization N
geological/geophysical Model testing Y surface buildings
Ground truthing seismic/magnetic/.. Underground
\ J
|
(Ambient noise model (Construction
Seismic noise etc., ® Cost
Newtonian noise Socioeconomic Impact
- Construction Time- EINSTEIN
TELESCOPE
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Outlook and perspectives

Continue measurement campaign and data analysis of environmental sensors to understand relevant site characteristics
for ET detector performance.

-  EMR measurements for ET-PP Deliverable will end by Q1 2026
- General Tender procedure in Sardinia will give the results by Oct 2025
- Lausitz measurements for ET-PP Deliverable will end by Q1 2026

Initially estimated timeline not easy to follow.
Activities are managed directly by Site Host Teams which are implementing different organizational strategies

constrained by the national and regional fundings conditions. Not always easy to uniform and harmonize results,
products and timeline.

ms=  E|NSTEIN
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2nd review meeting (RP2) — 15.05.2024

Preparatory Phase for the Einstein Telescope Gravitational Wave Observatory

WP 4: Outlook and perspectives

D4.3 Complete quantification of all the aspects impacting the ET performance for each site Exp. 07/2026 (application
of the methodology describe in M3)

D4.4 3D Geology, hydro-geology and modeling Exp. 02/2026

Local site funding and contracting result in different timeline

* EMR investigations will be completed by the end of 2025, data will be available by the beginning of 26
* Investigations in Sardinia are expected to be completed by Oct 2025

D4.5 3D Updated cost and schedule estimates of the excavations Exp. 07/2026
Based on the outcome of D4.1 (legal permits), D4.3 (mitigation systems) and D4.4 (local geology)

Eﬁ TEE&E(%EAE Project: 101079696 — ET-PP, 2" review meeting




Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
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EINSTEIN
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Coordination and Support Actions
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