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work towards an ApPEC strategy paper which is presently undeway and
planned to be nished in Summer 2006.
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1. Introduction

This talk reviews the status of astroparticle experiments n Europe or with
European participation, respectively. It also sketches @ments of a strategy
for the next decade. A roadmap paper is presently being prepad by the
ApPEC Peer Review Committee (PRC) [1]. ApPEC stands for Astroparticle
Physics European Coordination.

Astroparticle Physics has evolved as an interdisciplinaryeld at the in-
tersection of particle physics, astronomy and cosmology. t Iwill not come
as a surprise, that the borders of a eld overlapping with itsneighbours are
somewhat fuzzy, and assignment of certain types of experimes to either
astropatrticle physics, or particle physics or cosmology soetimes appear to
be debatable. Rather then wasting e orts in endless discussns on de ni-
tions, the Roadmap Committee adopted the assignments growhistorically
and being practiced in most European countries, and will fomulate its rec-
ommendations by addressing a set of basic questions:

1. What is the Universe made of?
2. Do protons have a nite life time?

3. What are the properties of neutrinos? What is their role in cosmic
evolution?
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4. What do neutrinos tell us about the interior of Sun and Earth, and
about Supernova explosions?

5. What is the origin of cosmic rays? What is the view of the skyat
extreme energies?

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

An answer to most of these questions would mark a major breatirough
in understanding the Universe and would open an entirely neweld of re-
search by its own. The following sections address the questis in detail and
re ect the recommendations of the ApPEC PRC (at the time of writing this
report being still preliminary).

2. What is the Universe made of?
2.1. Dark Matter

Only 4% of the Universe is made of ordinary matter. 73% of the @asmic
energy budget seems to consist of dark energy and 23% of DaMatter.
The simplest solution to the Dark Matter problem assumes Wekly Interact-
ing Massive Particles (WIMPs), thermally produced in the Ealy Universe.
The most notable WIMP candidate is the lightest super-symméric particle,
the neutralino. These particles can be searched for in LHC gperiments, al-
though evidence for super-symmetric particles in acceletars does not imply
their existence as Dark Matter. Their presence as the main coponent of our
Milky Way halo can be detected with both direct and indirect methods [2].

Direct methods search for recoil products from WIMPs interating in
deep underground detectors. Annual modulation of the rate bpossible sig-
nals (due to the movement of the Earth) is one of the smoking gus for
the WIMP character of the signal, the others being a directimal signa-
ture (due to the movement of the Sun through the galactic halyp and the
A-dependence of signal rate and shape. Actually, an annual rdalation of
event rates has been reported by the DAMA group in Gran Sasso.The
DAMA signature by itself is model independent. However, inerpreting the
signal as a standard neutralino would lead to contradictios with limits
obtained by other experiments. An upgraded version, DAMA/LIBRA is
presently taking data; another ongoing experiment at a di erent site (the
ANAIS project in Spain) might provide a valuable cross check

Cryogenic detectors of nuclear recoils with a threshold ofew keV, ex-
cellent background suppression, and a mass of order one towan cover
an important fraction of the parameter space of existing moeéls and even-
tually be sensitive to WIMPs with an interaction cross secton as low as
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10 9pb. Present best limits are at a fewl0 ’ pb (CDMS in the USA) and
are expected to improve t010 &pb within the next two years. The two
most advanced European e orts, CRESST (Gran Sasso Laboraty) and
EDELWEISS (Fréjus Tunnel), use also bolometric techniquesand eventu-
ally will converge to a single project on the scale of a few hudred kg to
one ton (EURECA). Another approach is based on noble liquid échniques:
ZEPLIN (Boulby mine, UK) and XENON (to be installed in Gran Sas so)
use Xenon; WARP (Gran Sasso) and ArDM explore the feasibili of Argon.
Noble liquid techniques could provide a complementary pattio reach detec-
tors with a ton-scale and should also converge towards a sifegproposal for
a large-scale facility with 10 1°pb sensitivity.

A possible scenario would result in one or two low-backgrouh exper-
iments on the ton scale with a European lead role. A 1-ton DAMAtype
detector (10 times larger than the original DAMA but much cheaper than
1-ton cryogenic detectors), is an additional option when rst conclusions
from DAMA/LIBRA have been drawn. As mentioned above, one of the
smoking guns for the direct detection of WIMPs would be diretional de-
pendence. The case for a massive directional device would peovided by
the detection of a clear signal by non-directional, large mss detectors. Fur-
ther development of this technique (the DRIFT project in the Boulby mine)
is therefore important.

The progress made over the last few years is impressive, angtepolat-
ing to the future one concludes that there is a signi cant chaice to detect
WIMPs in the next decade provided the progress in background rejection
can be realized and the considerable funding (on the 50 100ition e scale
for 1-ton projects) is provided.

Indirect evidence for WIMPs can be obtained with the help of @mma
telescopes, space based cosmic ray detectors and neutrinetettors. This
attempt is complementary to the direct methods, for some pats of the super-
symmetric parameter space even superior.

WIMPs can come in diverse incarnations s-neutrinos and Kaluza
Klein particles are just two examples of many. The other theoetically well
motivated candidate for cold Dark Matter, beside WIMPs, is the axion,
searchede.g. by the CAST project in CERN. Continued searches for other
Dark Matter candidates like the axion should be continued. This also in-
cludes searches for those exotic particles which may corittite to Dark Mat-
ter at best at a subdominant level. Examples include magneti monopoles,
supersymmetric Q-balls, or nuclearites, all searched for by detectors with
other primary goals, like e.g. neutrino telescopes.
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2.2. Dark energy

The nature of dark energy is one of the most important problers in
physics and cosmology today. So far, dark energy can primdyi be ex-
plored through its in uence on cosmic evolution. Observatons in this area
traditionally use astronomical techniques which have beerutside particle
physics, but particle physicists, both experimentalists ad theorists, have
joined this new eld and are playing a major role. There is graving activity
in the astroparticle physics community in Europe in this area, and initia-
tives to address this question together with the astrophysis and cosmology
communities are welcome. The roadmap committee feels, hower, that de-
tailed recommendations on dark energy missions are beyontsicharge and
its competence.

2.3. Antimatter

The key for the obvious asymmetry between matter and antimater in
the Universe comes from the very early phase of the Big Bang. Thimakes
the search for antimatter particularly important. The most notable projects
on antimatter search are PAMELA (to be launched in fall 2006) and AMS
which is much delayed due to the notorious space shuttle prdems, but
(still) foreseen to be operated on the International Space tation.

3. Do protons have a nite lifetime?

Grand Uni ed Theories (GUTSs) of particle physics predict that the pro-
ton has a nite lifetime. Actually, proton decay is one of the generic and
best testable implications of GUTs. The physics of proton deay is closely
linked to the physics of the Big Bang and the matter antimatter asymmetry
in the Universe. The discovery of proton decay would be one adhe most
fundamental discoveries for physics and cosmology.

An improvement of an order of magnitude over the existing linits ex-
plores a physically relevant range of lifetimes. The desigrior a detector
with this capability appears possible, but requires carefustudies to optimise
the methods and choice of the most promising technology. Th&oadmap
Committee recommends envisaging a new large European inBtucture, as
a future international multi-purpose facility on the 10° 10° ton scale, for
improved studies of proton decay and of low-energy neutrin® from astro-
physical origin (see the review [3] in these proceedings). HE three detec-
tion techniques being studied for such large neutrino detdors in Europe,
Water Cherenkov (like MEMPHYS), liquid scintillator (lik e LENA) and lig-
uid argon (like GLACIER), should be evaluated in the context of a common
design study which should also address the underground irdstructure and
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the possibility of detecting neutrinos from future acceleator beams. This
design study should take into account worldwide e orts and onverge, on
a time scale of 2010, to a common proposal.

4. What are the properties of the neutrinos? What is their rol e
in cosmic evolution?

Neutrinos have provided the rst reliable evidence of phenmena beyond
the Standard Model of particle physics. In the Standard Modé& neutrinos
have no mass. A major breakthrough of the past decade is the sttovery
that neutrinos, in contrary, are massive. This evidence hadeen obtained
from the observation that neutrinos can change their idently and oscillate
between di erent states. From the oscillation pattern, the mass di erences
between di erent neutrino states but not the absolute values of the masses
and the form of the hierarchy can be inferred. Dedicated expénents are
sensitive to the absolute value of the mass. Another class axperiments
searches for neutrino-less double beta decay and may telis whether the
neutrinos are their own antiparticles a discovery going mu ch beyond the
precision measurement of their absolute mass. Another imptant issue for
particle physics and cosmology is the precise way how neutrds oscillate
from one state to another. Information on the mixing matrix is obtained
from measurements with neutrinos from the Sun, supernovaerdhe Earth's
atmosphere. Moreover, the question is addressed by dedieat experiments
with arti cially produced neutrinos. Massive neutrinos and their mixing
have likely played a role in the genesis of the matter antimdter asymmetry
of the Universe and in the formation of large scale cosmic aictures.

4.1. Direct measurement of the neutrino mass

The measurement of beta-decay spectra near the endpoint aillvs a direct
kinematical determination of the neutrino mass, without model assump-
tions. The key experiment on this sector is KATRIN (Karlsruhe), which
will start full operation of its huge 10-m diameter main spe¢rometer in
2010 and aims to increase the sensitivity by one order of magonde below
the present limits of 2.2 eV/c? (obtained by spectrometers in Troitzk/Russia
and Mainz/Germany), down to 0.2 eV/c?. A positive e ect would mildly vi-
olate limits obtained from present precision cosmology andvould certainly
challenge more rigid upper limits like those expected fromtie PLANCK
satellite (launch in 2007).

Bolometric techniques to measure the electron spectrum do nasu er
from the principal limitations of the KATRIN technique but h ave not yet
reached their technological limit. They may eventually go keyond the pro-
jected sensitivity of KATRIN; therefore their potential sh ould be further
explored.
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4.2. Mass and nature of neutrinos from neutrino-less doubléeta decay

A clear signal of neutrino-less double beta decay [4] wouldstablish that
neutrinos are the only fermions being their own antipartices ( Majorana
particles ). Establishing a possible Majorana nature of natrinos would be
a fundamental discovery. Neutrino-less double beta decay auld also con-
strain the absolute scale of the neutrino mass. There are tlee possible mass
ranges. Two of them (corresponding to the degenerate andhie inverted
hierarchy scenario, respectively) are accessible with psent methods. The
third one (normal hierarchy ) cannot be addressed with present technolo-
gies.

Existing experiments like CUORICINO and NEMO-3 are exploring
masses of the order of 500meV, belonging to the range of the rst of these
mass intervals: They could address (but not fully disprove)a recent claim on
a positive observation derived from data taken with the Heiaglberg Moscow
detector.

The European next-stage detectors are GERDA, CUORE, SupeNEMO
and possibly COBRA (mass range 50 100 meV). With these detedrs, Eu-
rope will be in the best position to improve sensitivity and maintain its
leadership in this eld. These experiments also could cledy prove or dis-
prove the mentioned claim.

Only future detectors of the then following stage, with an ative mass
of order of one ton, good resolution and very low backgroundzan cover the
second possible mass range (inverted mass hierarchy) andcaoh the level of
20 50 meV. Di erent nuclear isotopes and di erent experimental techniques
are needed to establish the e ect and extract a neutrino massalue. Europe
should play a leading role in one or two of the follow-up detetors.

A key element of double beta searches is a better knowledge widiclear
matrix elements, with present uncertainties being a factortwo to four. A
vigorous program, based on both theoretical and experimeat investiga-
tions, is necessary to assess and to reduce the uncertainty muclear matrix
elements, at least for a few key nuclei.

4.3. Study of neutrino mixing parameters

The structure of the neutrino mass matrix, describing the mking be-
tween di erent neutrino avours, has a great impact on particle physics
and cosmology. Future measurements with neutrinos from theSun, super-
novae or other astrophysical objects, coupled with those gerated in the
Earth's atmosphere will not only provide a deeper understading of their
sources, but also improved information on the neutrino mixng and fun-
damental properties. Precision data on neutrino mixing, inparticular the
mixing angle i3 and the CP-violating phase , are expected from dedicated
experiments with neutrinos generated in reactors and in aaerators (with
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those at accelerators not covered by the ApPEC Roadmap). TheDouble
CHOOZ experiment at a French nuclear power reactor appearso be the
most advanced project to measure 13. However, the discovery window of
Double CHOOZ is only a few years, since accelerator experimis like T2K
in Japan are expected to reach a better sensitivity in 13. In order to make
use of this window of opportunity, Double CHOOZ must be built as soon as
possible.

5. What do neutrinos tell us about the interior of Sun and Eart h,
and about Supernova explosions?

In 2002, Ray Davis and Masatoshi Koshiba were awarded the Nab Prize
in Physics for opening the neutrino window to the Universe, peci cally for
the detection of neutrinos from the Sun and a Supernova. Hower, so far
only the high energy tail of solar neutrinos, a small fractimm of the total,
has been studied in detail [5]. Precise measurements of thew-energy part
of the solar neutrino spectrum would test our understandingof neutrino
oscillations, would allow ne-tuning of picture of nuclear fusion deep inside
the Sun and would give hints on long-term variations of the Sua [6]. An-
other source of neutrinos are Supernova collapses. The 23utenos detected
from Supernova SN1987-A have yield a rich harvest for partie physics and
impressively con rmed astrophysical expectations on the collapse process.
A galactic Supernova would result in thousands of neutrinosn existing or
planned large neutrino detectors. The neutrino signal woul give detailed
insight in the mysterious way how the early explosion procesof supernovae
is sustained. Moreover, it would turn the Supernova into a fatastic labo-
ratory for particle physics and provide the best sensitiviy to many intrinsic
properties of particles like neutrinos, axions and others.First evidence for
the detection of neutrinos from the interior of the Earth have been reported
recently. These neutrinos can provide unique information o the way of heat
production inside our own planet.

With GALLEX/GNO (Gran Sasso), Europe has played a strong role in
establishing solar neutrino oscillations. European group have also played
a signi cant role in developing other technologies for low aergy neutrino
detection. With GNO closed, there will be no running solar neitrino ex-
periment in Western Europe until BOREXINO will start data tak ing. After
many unfortunate delays, BOREXINO now must be completed and &art op-
eration as soon as possible, Also, the technical and persdrsupport needed
to ensure full operation must be provided.

After the dismantling of MACRO, the presently running detectors with
good Supernova detection capability and European particiption are LVD
(Gran Sasso), AMANDA and SNO. Russia is running two relevantdetectors
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in its Baksan laboratory: SAGE for solar neutrino detection and the same
scintillation detector for Supernova detection which already has recorded
three neutrinos from SN-1987. Russians plan to upgrade thatter detector,
but are also thinking about a much larger scintillation detector (5ktons
or so), with the aim to study neutrinos from Sun, Earth and supernovae.

Any major neutrino experiment with a mass on the scale of Supe
Kamiokande or larger should be multi-purpose and thus discssed in a larger
context than low-energy neutrinos. This context should indude proton de-
cay, solar, atmospheric and Supernova neutrinos, and possy accelerator
neutrinos see also Section 2 on proton decay. The committeeranks such
a detector (respectively, two of them worldwide) very high and recommends
that Europe plays a leading role in at least one of them, inclding the prepa-
ration of the corresponding infrastructure in Europe.

6. What is the origin of high energy cosmic rays? What is the
view of the sky at extreme energies?

Cosmic rays have been discovered nearly a century ago. Lafet turned
out that some of these particles have energies a hundred mdh times
above that of terrestrial accelerators. The observation oparticles with such
breathtaking energies raises several questions: How canstoic accelerators
boost particles to these energies? What is the maximum eneygor galactic
sources like Supernova remnants or micro-quasars? What ieé¢ nature of the
particles? How do they propagate through the Universe? Doethe cosmic
ray spectrum extend beyond the maximum energy a proton can matain
when travelling over large cosmic distances but eventuallgolliding with the
omnipresent microwave background? A large ux above this eargy limit
must likely be attributed to entirely new cosmic phenomena. The mystery
of cosmic rays is going to be solved by an interplay of detects for high
energy gamma rays [7,8], neutrinos [9] and charged cosmicysa[10].

6.1. High-energy cosmic rays

The knee region between a fewl0'* and a few10'% GeV has been stud-
ied by many air-shower experiments, most notably KASCADE inKarlsruhe.
Obvious gaps remain below and above this region. The rst oftiem extends
down to experiments recording primary cosmic rays above thatmosphere,
e.g. balloon experiments like TRACER and CREAM and satellite detectors
like PAMELA and AMS. This gap should be bridged by large-apeture, long
duration ight missions above the atmosphere and/or by ground detectors
with su cient particle identi cation placed at highest alt itudes. The sec-
ond, less severe gap extends towards Auger-energies 108 eV) and will be
partially covered by square kilometre air shower detectorsike KASCADE-
Grande, TUNKA-133 (Siberia) and IceTop (South Pole).
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The study of ultra-high energy cosmic rays addresses impaxtt physics
problems and requires a sustained long-term programme. Theresent ag-
ship of this eld is the Southern Pierre Auger Observatory, with a 50%
European contribution. The interplay of source distribution, energy spec-
trum and propagation through background radiation and magretic elds
requires both detailed theoretical modelling and a carefuktudy of the ar-
rival directions of cosmic rays with full-sky coverage. Ths is the main idea
behind a Northern Auger Observatory, the second being an eginsion to ten
times the Auger-South area and measuring to even higher ergies. Euro-
pean groups should play a signi cant role to establish the denti ¢ case,
and, should it be warranted, make a signi cant contribution to the design
and construction of Auger-North.

6.2. High energy neutrinos

The physics case for high energy neutrino astronomy is obvis: neu-
trinos can provide an uncontroversial proof of the hadroniccharacter of
the source; moreover, they can reach us from cosmic regionsieh cannot
be escaped by other types of radiation. European physicisthave played
a key role in construction and operation of the two pioneerig large neu-
trino telescopes, NT200 in Lake Baikal and AMANDA at the South Pole.
These detectors have approached tantalisingly close but dd not yet en-
ter!  a sensitivity region with high discovery potential. E uropeans are
also strongly involved in AMANDA's successor, IceCube. Wih the projects
ANTARES, NEMO and NESTOR as seed, another strong community fas
grown over the last decade, with the goal to prepare the constction of
a large underwater telescope in the Mediterranean. An EU-faded 3-year
study (KM3NeT) has been approved to work out the technical deign of
this future installation. Prototype installations (NESTO R, NEMO) and
an AMANDA-sized telescope (ANTARES) are expected to be instlled in
2006/2007.

A complete sky coverage, in particular of the central parts dthe Galaxy
with many promising sources, requires a cubic kilometre deictor in the
Northern Hemisphere complementing IceCube. Resources feuch a detector
in the Mediterranean should be pooled in a single, optimisedarge research
infrastructure KM3NeT . Start of the construction of KM3N eT has to be
preceded by the successful operation of small scale or progpe detector(s)
in the Mediterranean. | note that there also exist Russian pans to extend
the NT200+ detector in Lake Baikal to Giga-ton scale, althoudh at present
without foreign partners.

The construction of lceCube with its early high discovery pdential is
planned to be completed in 2010/11. European partners haveden playing
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a strong role in AMANDA/IceCube since long and will need the reces-
sary support in order to ensure the appropriate scienti ¢ ré¢urn, as well as
a strong contribution to the considered extension of IceCub.

6.3. High-energy gamma-ray astronomy

European instruments are leading the eld of ground-based igh-energy
gamma ray astronomy. The rich results from current instruments (in partic-
ular H.E.S.S. and MAGIC) show that high-energy phenomena a ubiquitous
in the sky; in fact, some of the objects discovered emit mostfdhe power in
the gamma-ray range and are barely visible at other wavelerigs. With the
experience gained from these instruments, the need for a niegeneration
instrument is obvious, and its required characteristics ae well understood.

To further explore the diversity of galactic and extragaladic gamma ray
sources, construction of a next-generation facility for gpund-based very-
high-energy gamma ray astronomy is recommended with high pority. This
Cherenkov Telescope Array (CTA) must both boost the sensitiity by an-
other order of magnitude and enlarge the usable energy rangeThe tech-
nology to build arrays of highly sensitive telescopes is avable or under
advanced development, and deployment of CTA could start arond 2010,
overlapping with the operation of the GLAST satellite.

CTA is conceived to cover both hemispheres, with one site elhc While
low-threshold capability is of interest for both, a southemn site of the facility
should also provide improved detection rate at very high engies, given the
at spectra of galactic sources; this aspect may be less cria for a northern
site concentrating more on extragalactic physics. The insuments should be
prepared by a common European consortium and share R&D, teciologies
and instrument designs to the extent possible. Cooperatiorwith similar
e orts underway in the US and in Japan should be explored.

6.4. New technologies

The eld of high-energy cosmic radiations is particularly rich on innova-
tive detection techniques. Examples include radio Chererdv detection in
ice or in salt domes, in the atmosphere or in the moon crust, oacoustic
detection of neutrino interactions. Another example is rado detection of
air showers. The impetus of present R&D and prototype activiies should
be maintained and ongoing coordinated R&D work should be stingly sup-
ported.

6.5. Multi-wavelength and multi-messenger studies

For virtually all topics, multi-wavelength coverage of radiation sources
is a key issue; in particular information at radio, X-ray and lower-energy
gamma-ray wavelengths is crucial for the understanding of lte processes
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in the sources. GLAST serving as an all-sky monitor at lower energies

is an essential element in a multi-wavelength approach towards gamma-
ray astronomy. The next decade will likely open the possibity to extend
the classical multi-wavelength approach towards a true mul-messenger ap-
proach, including charged cosmic rays, photons from radiod TeV energies,
neutrinos and gravitational waves. The realization of thispotential requires
close collaboration between the high and low energy gamma onunities
both experimentalists and theorists.

7. What is the nature of Gravity? Can we detect gravitational
waves? What will they tell us about violent cosmic processes?

Gravitation governs the large scale behaviour of the Univese. Weak
compared to the other macroscopic force, the electromagriet force, it is
negligible at microscopic scales. The main prediction of aeld theory is
the emission of waves. For electromagnetism it has been eblished by the
discovery of electromagnetic waves in 1888. The emission gfavitational
waves from accelerated masses is one of the central predasts of the Theory
of General Relativity. The con rmation of this conjecture would be funda-
mental by its own. Moreover, gravitational waves would proude us with
information on strong eld gravity through the study of imme diate environ-
ments of black holes, and they would be a rst rate cosmologal probe, in
particular to test the evolution of dark energy.

The tools for gravitational wave detection include interferometers with
broad-band sensitivity as well as resonant detectors [11] At present, the
world's most sensitive interferometer is LIGO (USA), the other interferom-
eters are GEO600 in Germany, TAMA in Japan and VIRGO in Italy.

The Gravitational Wave eld has a huge discovery potential but is still
awaiting the rst direct detection. Therefore, the e ort mu st be balanced
between the quasi-continuous observations and the upgradef the existing
detectors as well as the design and construction of new ong(s

The European community should continue the e ort towards integration
and should focus its resources on the projects with the large discovery po-
tential. In the short term, the European ground interferometers (GEO and
VIRGO) should turn to observation mode with a fraction of their time ded-
icated to their improvement (GEO-HF, VIRGO+ and Advanced VI RGO).
A continued operation of resonant detectors is desirable iorder to limit the
e ect of the down time of the interferometer network. The desgn study of
a large European third-generation interferometer faciliyy should start im the
nearest future.
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Gravitational wave observations complementary to those othe ground
interferometers will be provided by the LISA project. Coveling the sub-Hz
frequency range, it will enable the exploration of a wealth & sources, both
of galactic and cosmological origin.

8. Summary

The European astroparticle community has a lead position inmany
elds. This happens in a period when most of these elds have mved
from infancy to maturity: the past 1 2 decades have born the nstruments
and methods for doing science with high discovery potentialWe observe an
accelerated increase in sensitivity in nearly all elds be it neutrino-less
double beta decay, Dark Matter research, search for high engy neutrinos,
gamma rays and cosmic rays, or to gravitational waves just to mention
a few.

The long pioneering period to prepare methods and technoldogs is ex-
pected to pay o over the next 5 15 years. This will not only need substan-
tial investment in large detectors but also in the necessarynfrastructures

underground laboratories (providing the infrastructure to perform, e.g,
the search for double beta decay, direct searches for Darklatter, investi-
gation of neutrinos from the Sun or supernovae, or detectorsearching for
proton decay) and telescopes/observatories (like neutrin telescopes under-
water and ice, telescope arrays for gamma rays or the largesietectors for
air showers from charged cosmic rays).

The price tag of frontline astroparticle projects requiresinternational
collaboration, as the realization of the infrastructure dees. Cubic-kilometre
neutrino telescopes, large gamma ray observatories, Megat detectors for
proton decay, or ultimate low-temperature devices to seattfor Dark Matter
particles or neutrino-less double beta decay are in the 50@ million e
range. Cooperation is the only way (a) to achieve the critich scale for
projects which require budgets and manpower not availabled a single nation
and (b) to avoid duplication of resources and structures.

A process of coherent approaches in Europe has started in 2D0when
the major national agencies funding astroparticle prograrmes have formed
ApPEC. ApPEC successfully helped to launch ILIAS, an Integated Infras-
tructure Initiative which leading European infrastructur es in Astroparticle
physics. ILIAS covers experiments on double beta decay, DaiMatter search
and gravitational wave detection as well as theoretical agbparticle physics.
The projects within ILIAS have made excellent progress in tke rst two years
of the initiative and the growth in cooperation between the sb elds and the
interaction between the various programmes is signi cant.Also, the Design
Study proposal for the Mediterranean KM3NeT neutrino telesope was sup-
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ported by ApPEC and accepted by the European Commission. KMBIeT is
just one of several examples for a project on the price scalé H00 million e
or above, which are supported by a large and multi-national ommunity and
should be realized in 2010 2015. CTA, the advanced facilityfor ground-
based high-energy gamma ray astronomy as next generation sérvatory
after H.E.S.S. and MAGIC, is another example. The large ulta-low back-
ground cryogenic facility to detect Dark Matter particles and extremely rare
events, EURECA, is a third example, and the next generation gavitational
antenna a fourth.

Let us assume that the process of cooperation and coordinath con-
vergences to the following large (cost larger then 30 millio e) next-stage
projects:

(a) construction and operation of two 1-ton Dark Matter experiments,

(b) construction and operation of two double-beta experimats, the one
basically European, the other shared to equal parts with US hysicists,

(c) start of construction of one large infrastructure for proton decay and
low energy neutrino astronomy (possibly also acceleratoreutrinos),

(d) construction and initial operation of KM3NeT,
(e) construction and operation of Auger-North,
(f) construction and operation of CTA,

(g) construction of a third generation gravitational wave interferometer.

Assuming that 90% of the funding available for astropartice physics is
focused to these projects, one arrives at an oversubscripti of about a factor
2 when compared to present funding. The prospects of astropiécle physics
merit such an increase. The ApPEC roadmap paper is intendeda make
the case for these increased e orts, to the physics commuritas well as to
funding agencies. Discoveries lay ahead it is up to us to take the chance
o ered by the next decade!

| am indebted to my colleagues in the ApPEC Roadmap Committeeor
fruitful discussions and work on the roadmap paper. Parts ofhe text of this
paper have been taken from our draft for the recommendations| am also
grateful to Agnieszka Zalewska, who invited me to the nice ath stimulating
Epiphany Symposium.
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