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What I1s the Universe made of ?
In particular: what is dark matter ?

Do protons have a finite lifetime ?

What are the properties of neutrinos ? What Is
their role in cosmic evolution ?

What do neutrinos tell us about the interior of
the Sun and the Earth, and about Supernova
explosions ?

What iIs the origin of cosmic rays ? What Is
the view of the sky at extreme energies ?

What will gravitational waves tell us about
violent cosmic processes and about the
nature of gravity ?
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A Phase I:
'|'
,

Sclience case
Recommendations

for convergence >

A Phase Il

Detailed data from
experiments and agencies

A Phase llI:

Critical assessment of plans

Calendar for milestones
and decisions

Priorities

http://www.aspera-eu.org
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What I1s the Universe made of ?
In particular: what is dark matter ?

Do protons have a finite lifetime ?

What are the properties of neutrinos ? What Is
their role in cosmic evolution ?

What do neutrinos tell us about the interior of
the Sun and the Earth, and about Supernova
explosions ?

What iIs the origin of cosmic rays ? What Is
the view of the sky at extreme energies ?

What will gravitational waves tell us about
violent cosmic processes and about the
nature of gravity ?
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A Do protons have a finite lifetime ?

A What do neutrinos tell us about the interior of
the Sun and the Earth, and about Supernova
explosions ?
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Lifetime
In simplest GUTSs

1049-103¢ years

Prefered
decay mode
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Lifetime
In simplest GUTSs

104°-103¢ years

Prefered
decay mode

p- €' +p
- g+g

3000 tons water
(1033 protons)
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= Lifetime
& in simplest GUTSs
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Lifetime
In simplest GUTSs

104°-10%2 years

Prefered
decay mode

p- € +p°
- 9+9
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o Lifetime

O In simplest GUTs

: 10%°-103¢ years
KAMIOKANDE g

Prefered

3000 tons of wasser decay mode
Kamioka - Mine (Japan)

p- € +p°
- gty
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C temperature In freg

neutron star
3340 bilhhon Kelvin

C neutrino mass <20 eV

N Y
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neutrinos change
their type on their
way from Sun to
Earth

A neutrinos have a rest mass
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A Proton decay: improve sensitivity by > factor 10 and
test a new class of Supersymmetry models

A Galactic Supernova: 104 10° events
Incredibly detailed information on the early SN phase

A Diffuse flux from past SN: probe cosmological star formation
rate

A Solar neutrinos: details of the Standard Solar Model determined
with percent accuracy

A Atmospheric neutrinos: high statistics would improve knowledge
neutrino mixing and provide unigue information on the neutrino
mass hierarchy

A Geo-neutrinos: improve understanding of the Earth interior
A Indirect WIMP search

A Neutrinos accelerators over a long baseline (also with dedicated
smaller detectors). neutrino properties




MEMPHYS
. 700 kton water

100 kton liquid argon 21.

GLACIER

50 kt scintillator
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ARecommendation:

We recommend supporting the work towards a

large infrastructure for proton decay and low energy
neutrino astronomy, possibly also accelerator
neutrinos in long baseline experiments, in a
worldwide context. Results of the LAGUNA FP7
design study are expected around 2010 and should
be followed by work towards a technical design
report. Depending on technology, site and worldwide

cost sharing, construction could start between 2012
and 2015.
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A What is the Universe made of ?
In particular: what is dark matter ?
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74 % Dark Energy

29 0 Dark Matter

= Neutrinos
Normal Matter 01-1 %

4 %
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1) Adi rect il
of DM reactions
deep underground

2 ) Aindirectifi detecti on
e.d. neutrinos from
DM annihilations

3) Production of
DM particles
at the LHC
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DAMA annual modulation

Deviation from average
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IGEX,
NEWAGE

WIMP elastic nuclear
recoils deposit < 50keV of
energy at arate 10°to 1
event/day/kg

phonons, photons and
charge whose relative
proportions and /or
characteristics depend
on dE/dx Y particle type
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High efficiency particle ROSEBUD, updated by
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compound information
and/or large
self-shielding mass

and C.Spiering
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DAMA annual modulation
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range suggested

1044 by SuperSymmetric
theories.

- Background
- Funding
- Infrastructure

Wirkungsquerschnitt (cm?)

104 oy

1980 1985 1990 1995 2000 2005 2010 201%9.
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w4 Towards 2 ton-scale zero-background detectors

Now: 10 kg scale  2009/11: 100 kg scale 2011 -17: constr. ton scale

CRESST

EURECALOO | —» EURECA
Edelweiss @ ton scale

modular expansion

L Xe
XENON/LUX, WARP

L Xe
A Xe-100 _, | Noble liquid

Ar-100 @ ton scale
LAr
, a possible convergence scenario,
€ slide CS from one year ago.

30.



ASPERA

We recommend the construction and operation
of one 1T possibly two complementary | detectors
on the ton scale or beyond with low background,
capable of reaching a 10-1° pb sensitivity, with a
European lead role or shared equally with non-
European partners. We recommend a stepwise
approach via 100 kg detectors, as present
underway, and a prioritisation between different
technologies around 2010. We urge
convergence of parallel worldwide efforts.




A What is the origin of cosmic rays ? What is
the view of the sky at extreme energies ?
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primary stratospheric balloon
particle (40 km altitude)

~ 20_ km . caollision of primary particle
altitude
HessoO balloon
(up to 5 km altitude)
-— ‘ fluorescence telescope

—_—— ) particle detectors
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Auger skymap 0 - Auger-Events
E>1015eV _ , 3 - AGN
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Exposure
(km2 sr year)
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A High statistics astronomy
A need a substantially larger array than Auger South

A Full sky coverage A need Northern site

ARecommendation: The priority project for high
energy cosmic ray physics is Auger. We
encourage the agencies in different continents
to work towards a common path for Auger-
North. We recommend the construction of such
a large array as soon as worldwide agreements
allow.
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A Enormous progress over
last 15 years

A 1989: first source (Crab)
A 1996: 3 sources

A 2006: ~ 40 sources

A 2008: ~ 75 sources

A H.E.S.S. (Namibia)
A MAGIC (La Palma)
A VERITAS (Arizona)

@ Plerion (PWN)
O Shell type SNR
® Binary system

m Other or unidentified
or ambiguous identification

Background colours indicating northern / southern sky Graphics by Konrad Bernldhr 2008
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H.E.S.S. four 11-m telescopes
DR 55 one 25

telescope
MAGI] one 17-m telescope

operation MAGII 2" 17-m
telescope
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AFrom fiexperimento to fAobserwator

A 10-fold improvement of sensitivity, extension of energy range,
significant improvement in resolution

A Expect ~ 1000 sources, explore spatial structure and energy spectra.

A Ultimately, a Northern and a Southern CTA instrument, operated
under a common framework, should provide full-sky coverage.

A Coordination with AGIS (USA) is underway. CTA is on the ESFRI list.
Also listed as a priority entry in the ASTRONET Infrastructure
roadmap.

A Recommendation: The priority project of VHE gamma
astrophysics is CTA. We recommend design and
prototyping of CTA and selection of site(s), and
proceeding decidedly towards start of deployment in
2012.




nigh Energy Neutrinos

active
galaxy

~

Only neutrinos can cross the Earth

A for clear identification:

Look down !
(and use the Earth as filter)



ngh Energy Neutrinos

Cherenkov
light cone

neutrino
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Projects In
Mediterranean
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Tremendous progress In sensitivity over last decade

point source limits/sensitivities .,
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A Europeans play strong role in IceCube.
Support for analysis!

A Broad European community works towards KM3NeT.

A KM3NeT:

I i1son ESFRI list
I FP6 design study, started FP7 Preparatory Phase.
I i1s one of the priority entries in ASTRONET infrastructure roadmap.

A Recommendation: The priority project for high energy
neutrino astronomy is KM3NeT. Encouraged by the significant
technical progress of recent years, the support for working
towards KM3NeT is confirmed. Resources for a Mediterranean
detector should be pooled into a single optimised design for a
large research infrastructure, with installation starting in 2012.
The sensitivity of KM3NeT must substantially exceed that of
all existing neutrino detectors including IceCube.
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A What will gravitational waves tell us about
violent cosmic processes and about the
nature of gravity ?




Interferometers
(here: GEO-600 In Germany)

What will gravitational waves tell us about
violent cosmic processes and about the
nature of gravity ?
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EINSTEIN TELESC

gravitational wave

CENTRAL FACILITY

COMPUTING CENTRE

| END STATION

o Lol TUNNEL & ~5 m
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A E.T. is the long-term future project of ground-based
gravitational wave astronomy.

A Many thousands of events per year.

A FP7 Design Study, first technical design and associated costing
expected I n 2011, followed by a o

A A decision on funding for the construction of E.T. will earliest after
first detections with enhanced LIGO/Virgo but is most likely after
collecting about a year of data with advanced LIGO/Virgo In
approximately 2014/15. Targeted start of E.T. construction 2016 or
2017.

A With European participation in upgraded versions of LIGO and GEO confirmed,
full support for the VI RGO upgrade t
secured. This would ensure the critical infrastructure for a coherent
gravitational wave programme in Europe and lay the ground for E.T.

A At low frequencies: LISA (LISA-Pathfinder 2010)
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A From infancy to maturity: the past
1-2 decades have born instruments an
methods for doing science with
high discovery potential.

A Accelerated increase in
sensitivity In nearly all fields.

A A lot of advanced, interesting world -class projects
Europeans lead in many fields

A Physics harvest has started (TeV gamma) or is In
reach.

A Need afactor -2 funding increase  over next decade.
A Initiated radical process of convergence.




