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* Incredible coordination effort PAGE 1: OBJECTIVES

led b_y Stavros (& his team at EGO, There are more things in Heaven and Earth, Horatio,
especially Francesca Spagnuolo) than are dreamt of in your philosophy.
Proposal prepared in 1,5 month Hamlet, Shakespeare

(April-May 2020): 70+ participants,
countless zoom meetings...

The main objective of APOGEIA is to support the recent but strong conver-
gence between Geosciences and Astroparticle Physics, to bring together,

] integrate on European scale, and open up, key relevant national and

* Submitted to EU Call regional research infrastructures to all European researchers, from both
H2020-INFRAIA-2018-2020 academia and industry, ensuring their optimal use and joint development.

(Integrating and opening research Earth and Astroparticle sciences share a mutual scientific culture based on common

infrastructures of Eu ropean inte rest) object.s of'stud'y, methods and approaches. The. Geosph_ere, a direct Objef:t of study of
Geoscientists, is both the target and the detecting medium for Astroparticle

5 M€ TEQUEStEd observatories.
Astroparticle Physicists and Geoscientists both deal with complex natural large-scale
e Enca psu lates Stavros’ credo: systems, deploy large sensor networks, sc?metlmes |_n extreme epvnronmepts (sea,
. . desert, underground, space), use long series of precise observations acquired over
Earth and Astropa rticle sciences long time scales, use discovery instruments, develop models relying on the state-of-
maximize their potential by the-art in fundamental physics, chemistry, biology and computer sciences. They also

. . use large infrastructures which allow for fast and massive data manipulation and
cross-fertilization! / worldwide networking, including distribution of alerts. [...] /




Apogeia will certainly lift-off ( Sa anoyswwdel, "raise from the earth" in greek ) -- Stavros

* Repurposed for EU Call HORIZON-INFRA-2022-TECH-01

(Next generation of scientific instrumentation, tools and methods) - 11 M€ requested
- broader scientific community,
- increased participation of industrial/SME partners

- inclusion of major EU research infrastructures: EGO, KM3NeT (ESFRI Roadmap),
EMSO and EPOS (ERICs), underground labs (Boulby, Canfranc, Modane, Gran Sasso)

e Stronger focus on Instrumentation: development of interdisciplinary groundbreaking
technologies to advance science in remote/extreme environments:

- deployment of large arrays of sensors

- Earth & climate monitoring, natural catastrophe alert systems
benefit from methodologies and approaches developed within astroparticle/geoscience
research: clock distribution, large-scale data processing, machine learning ...

 Ambitious societal agenda: open data, citizen science, art & science...



Apogeia will certainly lift-off ( Sa anoyswwdel, "raise from the earth" in greek ) -- Stavros

Fiber Networks Cosmic Particle Underground
and Mobile Sensors Detectors technologies

Open Data, Machine Learning, Sonification

Engagement, Citizen Science , Art and Science




Iceland
(Landsvirkjun)

UK
(Liverp. U, UKR], Silixa)

The Netherlands
(TNO)

Belgium
(UC & KU Louvain, Ghent)

France
(CEA, CNRS, IPGP, Obs. Paris,
UPC, UStras, UAM, Febus Optics )

Spain

(CSIC, LSC)

Portugal
(LIP)

Finland
(Muon Solutions)

£

" Germany

(KIT,GFZ/Helmholtz,
Saraceno GmbH)

Poland
(JAGU,PUKrakow,NCAC, PUK,
PAN - IFJ/INP/ING/IGP PAN,

IGF-PAS)

Czech Republic
(CVUT Prague, SURO)

Hungary
(Wigner Inst. RCP)

Italy
(EGO, INGV, INAF, INFN,
UniCat,UniFi, UniNa, UniPi)

Greece
(NOA, Demokritos,
Athens Observatory)



Current optical fiber technologies and infrastructure provide high-precision time/frequency

distribution & real-time data transmission

— Coupling with adapted, mobile sensors allows for distributed
temperature/acoustic/strain sensing, also in remote areas

* new science perspectives for ground response characterization, near-fault observations,
geohazard monitoring, bioenvironmental monitoring...
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* Possibility to harness existing infrastructure to test and improve performances, develop Al
algorithms for noise characterization & filtering...

Listed as National Research Infrastructure in 2021
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Secondary
cosmic rays

\" I.l
20000 m

Cosmic rays interacting in the atmosphere produce
extensive air showers of secondary particles that can
be used to probe the Geosphere:

- measuring the particle yield on the ground
informs on atmospheric parameters

— penetrating particles (muons, neutrinos) can be
used as imaging techniques for scanning structures
opaque to standard methods (too large, too dense,
or located in unaccessible environments)

—> Also a source of background for many
(under)ground astroparticle physics experiments



Input: atmospheric muon flux

Field detectors based on different
techniques: scintillators, emulsions,
Micro-megas, RPCs...

average density -
+ gravity data

Inversion Forward
problem

Industrial controls

Geosciences

Prospection & mining

* Volcanology
* Geology . . .
* Hydrology * Pyranlnds * Non invasive controls
: : H H H . ; * Tumulus * Nuclear cycle production
Tra nsmission / Scatte rin g IMma gl n g . égnsﬁszf:;e physics * Anthropic structures * Civil engineering
. * Ruins * Tunnel boring machines

technique sensitive to density + Z/A



Atmospheric neutrino flux: At GeV energies: At TeV-PeV energies:
=3 Supor-v, neutrino oscillation neutrino absorption
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Neutrinos are even
more penetrating
than muons;
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+» Investigate geophysics open questions:
Nature and composition

Pacific

Presence of light elements . e G of large-scale
(e.g. hydrogen) in the iy - o é——- inhomogeneities in JJ_\\
? ’ ' O the mantle ?
e 5 UnivEarthS 7% X2
& s:':,‘,,,c, 2d workshop on Multi-Messenger

Tomography of the Earth

APC, July 4- 7, 2023
https://indico.in2p3.fr/event/30001/

Nature and composition - _. N
of D” Iayer ? 3 e Mid-Atlantic Ridge
(water reservoir ?)



https://indico.in2p3.fr/event/30001/

| Underground labs and technologies
European Facilites
(>1 km W_e_) « Direct dark matter search

CallioLab  Neutrinoless double beta decay

‘ ' * Neutrino physics

* Nuclear astrophysics

* Technology for radio-purity assay
& low-background environments

A

Da maner’Search & ULB:




European Facilites
(>1 km W_e_) * Direct dark matter search

CallioLab e Neutrinoless double beta decay
P Tin * Neutrino physics
g | * Nuclear astrophysics
* Technology for radio-purity assay
& low-background environments

- Within APOGEIA:

silicon-based photodetectors
Cryogenic detectors for gravimetry &
rare events searches

Devices for quantum computing
radon-free environments
underground biology



Open Science Citizen science (...and not only)
AGOSC: Sonification of astronomical, seismic
a European-based Astroparticle and and environmental data
Geoscience Open Science Centre
data platform and website providing access to the —increase accessibility of data, eg. to visually
data produced by APOGEIA and to large parts of impaired citizens and scientists
observational data produced by Geoscience and
Astroparticle communities — augment the discovery potential of

research by the inclusion of new sensorial data

building on existing platforms:
strong synergy with REINFORCE project

ORFEUS Observatories & Research Facilities for European Seismology

2} Gravitational Wave
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Open Science Center
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Art as a vector of transmission of the new paradigms of science and of promotion of
human values associated to world-wide, interdisciplinary and inter-cultural collaboration

Continued collaboration with Tomas Saraceno Tim Otto Roth

aiskju:b]
a sound laboratorium

TOMAS SARACENO

CONURBAZIONI NEBULOSE /
CONURBACOES NEFELIBATAS

aucia "
Lucia '|'0n;1iur;_vi’l' \l 0’|’u.~i

mercoledi 9 giugno ore 15:00

| Donald Fortescue
| Bathysphere
- | (for KM3NeT)

Ce Lo lONECOE: (e & % e ZFYH Me
https://www.youtube.com/watch?v=JayMgVvEDmMA



https://www.youtube.com/watch?v=JayMgVvEDmA
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A visit of the Silixa team to EGO
under 5-day Covid travel restrictions
-- with Mahmoud Farhadiroushan &

the late Sergey Shatalin (Chief Scientist)
July 2021

discussing astrophysical plans for APOGEIA
over coffee in Sarzana (Liguria, Italy)
— with Elena Pian and Paolo Mazzali,
May 28th, 2022
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