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GERDA: Datennahme

Unblinding: Fruhjahr 2013



Borexino

Solar nu: ‘Be, pep Geoneutrinos



G-APD, La Palma /

Timing Array, Sibirien (HRJRG)
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Ernie Bert

~1.1 PeV ~ 1.3 PeV

Uberschuss bei hohen Energien

Neutrino-Oszillationen in DeepCore

> PINGU (Massenhierarchie)?
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2011-2016



BROSCHUREN

,2ASTROTEILCHENPHYSIK IN DEUTSCHLAND"

UND

,2ASTROTEILCHENPHYSIK —
DEUTSCH-RUSSISCHE PERSPEKTIVEN®



= 88 000 als
Beiheftung SAW

= 10 000 extra

= 54 k€ aus HAP
= 10 k€ von BMBF



= Sondermittel BMBF im
Rahmen des Deutsch-
Russischen Jahres der
Wissenschaft

Wissenschall und Innovation 201112

= 600 Exemplare

= Zweisprachig
deutsch/russisch

=  Deutsch-Russ. Workshop ATP Dez. 2011
= BMBF Forderung ATP uiber JINR Dubna
= Helmholtz-Russ. Joint Research Group

=  Unterstutzung Int. Baikal School 2012

= ASPERA Meeting in Dubna (Sept. 2012)




ROADMAPS UND
INPUT EUROPEAN STRATEGY
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Dark Matter

Mass and nature of the neutrino

Particle physics and the high-energy Universe
Nuclear astrophysics

Neutrino astrophysics, neutrino physics and the
search for proton decay with detectors deep
underground, underwater or in ice

Relations between CERN and ApPEC/APIF



1. Dark Matter

= Direct & Indirect searches and LHC

Recommendation: Given the close connection to SUSY searches at the LHC, the high momentum of

the direct and indirect searches and the possibility to prove or disprove the SUSY WIMP hypothesis
within 5-7 years, we give WIMP dark matter searches a_high priority. We strongly recommend
support for XENON1t and EURECA. We suggest a close collaboration between the CERN community

and the astroparticle community. Dark Matter searches could become an item of the recently
established Astroparticle Forum in CERN which was motivated by the LHC--cosmic ray connection.

With respect to direct searches, we support a global strategy with several target material and
technoloﬁies.

= AXIONS

With strongly tightening constraints on SUSY parameters, axion searches attract fresh interest.
Germany is participating in CAST and several smaller ongoing activities to search for axions, axion-
like particles or dark photons in Hamburg.

We support these activities, as well as R&D work towards a CAST follcw-ue.



2. Mass and nature of the neutrino

= Direct mass and DBD

Recommendation: We recommend the continued support of the KATRIN experiment to ensure the
commissioning as soon as possible and to operate the apparatus as required. For ovpp experiments
we support a multi-isotope approach on the global scale and recommend convergence (as the
GERDA and MAJORANA collaborations are considering) wherever possible. Investigation of more
than_one double beta isotope is essential to provide an unambiguous signature of neutrino-less
double beta decay and to determine the effective Majorana mass. Support of R&D for new
methods is considered as an important investment into future. We also urge further support for
calculating nuclear matrix elements for ovpp decay which requires both theoretical and

experimental investigations.

= Sterile neutrinos
The past years have provided accumulating indications for sterile neutrinos. None of the indications
(and even in combination) are significant by themselves, but most point to a mass range in the eV

region. As a next step, we recommend support of proiects on an intermediate cost scale which

could test these indications. These include e.g. exposing underground detectors like Borexino or
SAGE to strong radioactive neutrino sources or small-distance experiments at nuclear reactors. The

release of Planck data could provide additional cosmological constraints. Qgscillation experiments at

leral 1 v | ioht be justified after fi id ided f {
sources during the next 2-4 years.



3. Particle physics
and the high-energy Universe

= SUSY Dark Matter
= Hadron-hadron/nucleus interactions at highest energies

= EXotic physics

Recommendation: We welcome the close cooperation between LHC and cosmic ray physicists and
recommend support for an Astroparticle Forum as it is presently being installed as a discussion

platform within CERN.

Recommendation: We recommend close cooperation between particle and astroparticle
communities making maximal use of the synergetic effects between the exploration of the high-
energy universe and the study of fundamental physics phenomena. We also support explorations

towards imEroving the caeabilities of AstroEarticle Observatories with resEect to Earticle and
fundamental Ehzsics.




4. Nuclear Astrophysics

Nuclear Astrophysics addresses nuclear reactions in cosmic objects. This includes the generation of
the lightest elements in the primordial universe, the equation of state of neutron stars, and the
nuclear reactions in stars or Supernova explosion. Space based telescopes like INTEGRAL can study
cosmic nuclear processes via gamma radiation.

We note the close connection between understanding the corresponding cosmic objects and
studying nuclear reactions with isotope separators at accelerators. On a small scale this concerns
accelerators in caverns (like LUNA in the Gran Sasso Lab which already delivered unique data for the
understanding of solar reactions), on a larger scale ISOLDE at CERN and the future FAIR complex in
Darmstadt. We also note that the small scale activities in this field notoriously fall between the main
funding lines.

Recommendation: We emphasize the importance of nuclear reaction studies for our understanding

of the cosmos and recommend continued support of related studies at accelerators.




5. Neutrino physics & astrophysics and search for p-decay
with detectors deep underground, underwater or in ice

Proton decay Liquid Argon < Liquid Scintillator «&>Water

= Test further classes of SUSY models with tenfold sensitivity

Galactic Supernova
= Bonanza for astrophysics and particle physics
= Incredibly detailed information on early SN phase and explosion mechanism
Solar neutrinos: details of solar model with percent accuracy LSc
= Metallicity problem <« v from CNO cycle — burning of heavy stars
= Time variations on the 103 level
= Transition vacuum/matter oscillations
Geoneutrinos LSc
= What generates the heat of the Earth (about 30-50% due to U/Th decays).
= How much U, how much Th? Crust, mantel? (Reactor inside Earth?)
Diffuse background of past Supernova LSc

= average” SN spectrum, star formation rate, ,failed” supernova

Oscillation physics LAr, H,0



Naturally, the possibility for long-baseline physics with a neutrino beam from an accelerator (in
Europe: SPS at CERN, U70 in Protvino, the future ESS in Lund) represents the closest connection to
the CERN strategy. A long-baseline configuration would address two major questions:

a) Determination of the neutrino mass hierarchy

b) Measurement of a CP violating phase






Recommendation: Guided by the superior astroearticle caeabilities of LENA, by its proven Erincieal

feasibilitx and by the strong German tradition in this field, we recommend to pursue the LENA
I
project on an equal footing as GLACIER (with its superior potential for beam physics). Given the

enormous cost of such detectors and the obvious worldwide interest, we support the
ASPERA/ApPEC recommendation that “CERN, together with key European agencies and ApPEC, enter
into discussions with their US and Asian counterparts in order to develop a coherent international

strategy for this field, including relevant astroparticle physics issues”. We emphasize that the high
cost poses a high threshold for firm commitments to any of these projects. A solution can be only

found via global coordination and by attracting new partners (from neighbouring fields like

geophysics or solar physics, or from the same field but new countries).

Recently it has been suggested to decide on the mass hierarchy by measuring atmospheric neutrinos
with densely instrumented detectors in ice (project PINGU at the South Pole) or underwater (ORCA
in the Mediterranean Sea). At this point it is not clear how accurate energy, angle and flavor can be
determined and how well systematic effects can be controlled. PINCU and ORCA proponents,
together LENA members from Germany and Russia, have applied for support within an ASPERA
common call to coherently explore of the capabilities of these detectors.

Recommendation: An early determination of the mass hierarchy with atmospheric neutrinos would

impact strategies for long-baseline experiments with accelerator beams. We urge to determine the

feasibility of this new experimental approach as soon as possible.



KAT-KET-KHuK Meeting zu LENA
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DESY, Hamburg, 14.6.2012
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M. Wurm
C. Hagner

L. Oberauer
C. Spiering
A. Stahl

EinfUhrung
Neutrinoastrophysik
Neutrinophysik

Erfahrungen Borexino

LENA Detektor

Kaffee

LENA Performance Astro+Geo
LENA Performance LBL
Mittag

LENA Kosten, Status, Zeitplane
KAT/ASPERA Roadmap

CERN Strategie und Status

Diskussion, Nachste Schritte
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10+10
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15
15+15
15+15
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10+20
10+10
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6. Relations between CERN and ApPEC/APIF

Given the strong synergies described in the previous sections, we propose a close cooperation
between CERN and the 'Astroparticle Physics European Consortium' ApPEC in determining the
strategy in the fields of mutual interest. The exchange of information should also include the
recently established 'Astroparticle Physics International Forum' APIF. While for most projects the

development of joint strategies would be extremely helpful, it is indispensable for some of the large-
scale projects.



ENDE



Dunkle Materie
Neutrinomasse
LE-Neutrinoastrophysik
Kosmische Strahlung
Gamma-Astrononomie
HE-Neutrinoastrophysik
Gravitationswellen
Nukleare Astrophysik

AT Theorie

Josef Jochum
Christian Weinheimer
Caren Hagner
Karl-Heinz Kampert
Christian Stegmann
Christian Spiering
Karsten Danzmann
Roland Diehl

Glinter Sigl

U. Tiibingen

U. Munster

U. Hamburg

U. Wuppertal

U. Erlangen > DESY
DESY, Zeuthen

AEl, Hannover

MPI Garching

U. Hamburg



Direct searches: factor of 100
Indirect searches: factor 10-30
LHC 7 2 LHC 14: factor 300-1000

EURECA/SCDMS

EURECA/SCDMS
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