Underground labs:
gates to astroparticle physics

The basic guestions ...from the roadmap. ..

Recommendations for the evolution of the field over the next decade were formulated by
addressing a set of basic guestions:

1) What is the Universe made of? In particular: What 1s dark matter?

2) Do protons have a finite life timea?

3) What are the properties of neutrinos? What is their role in cosmic evolution?

4} What do neutrines tell us about the internor of the Sun and the Earth, and about
Supernova explosions?

5) What is the origin of cosmic rays ? What is the view of the sky at extreme
energies ?

6) Can we detect gravitational waves ? What will they tell us about violent cosmic
processes and about the nature of gravity?

An answer to any of these gquestions would mark a major break-through in understanding
the Universe and would open an entirely new field of research on i1ts own.

Answers to 1-4 from underground labs
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There are ctazy peepleé that.
go underground to spy the misteries
of heaven
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Underground Laboratories

SNO, Sudbury UK
CANADA Modane .
France Baksan, Russia

Canfranc
Spain

Soudan,
Minngsota, USA

Superkamiokande,
Kamioca, Giappone

Laboratori Nazionali
del Gran Sasso
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IUS Pyhasalmi lab.

_ Finland
Institute of Underground

Science, Boulby Mine, UK

LabOratowe Souterrain
de Modane, France

LSC
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Laboratorio Subterraneo Gran Sasso, ltaly
de Canfranc, Spain

Laboratori Nazionali del




Parameters of the six large European Underground sites
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IN # LABORATORI NAZIONALI DEL GRAN SASSO - INFN
L Largest underground laboratory for astroparticle physics

Laborator] Maronall gel Gran Sas80

L'AQUILA CERN

" TERAMO
B

Research lines

* Neutrino physics
(mass, oscillations, stellar physics)

external facilities

easy access » Dark matter
756 scientists from 25 countries * Nuclear reactions of astrophysics interest
Permanent staff = 70 positions » Gravitational waves

* Geophysics

* Biology



















Dark matter search






Neutrinoless double beta
decay






Neutrino production

Supernovae

Sun

Accelerators (CNGS)
Beta beams

Neutrino factories












140.000 bricks!






Liquid argon on stage






Installazione elettronica

* Maggio — Giugno 2008
Installazione sala controllo

» Aprile - Luglio 2008
Installazione circuiti
criogenici e cablaggi (AL)

e Febbraio — Giugno 2008
Installazione stazione
scarico criogenici (AL)

» Giugno — Luglio 2008
Gara fornitura criogenici

* Gennaio — Giugno 2008
Raffreddamento e

riempimento
* Fine Settembre— Ottobre 2008

lcarus



Recommandations from the
aspera roadmap



Neutrinoless 2beta decay



Direct neutrino mass searches



Dark matter



Matter stability






The MODULAR approach



Linking underground labs

 Three levels
— Sharing
— Distributing
— Managing



Linking by sharing

o Safety standards
e Outreach

e Training of young researchers
— The “underground lab fellowship”
— Astroparticle physics Institutes



Linking by distributing

* Access to external users
— Geology
— Biology
— Chemistry

e R&D and tests



Linking by managing

ne resources
ne scientific program
ne future installations




summary

Underground labs are crucial to the future of
astroparticle physics

Recommandations for the next generation
often include more experiments with different
techniques

A common strategy for allocating the new
generation Is necessary

Novel infrastructures, detectors and neutrino
beam design are part of it



outlook

* The field is moving from national to regional
to global

« A solid intergovernamental structure Is
needed to advocate to a central authority the
resources and the scientific programme

e Astroparticle physics hardly geographycally
centralised ( but DUSEL...)

— Avoid dispersion of efforts: beams are easier to
move than caverns

— A CERN model or a new “axis” for CERN with an
underground labs infrastructure



