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1054 IN CHINA:
“...on the | Ith of the
month a new star
appeared near
Antares...”
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Feb 23, 1987: “A neutrino burst was

observed in the Kamiokande |l detector
on 23 February, 7:35:35 UT (| min)
during a time interval of 13 sec.”



This is Astroparticle Physics

Nuclear Astro-physics
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Cosmic radiations: nuclel
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Flux x Energy? [relative units]

element abundances:
15 My in galaxy & halo

energy density ~like

light, magnetic field,
1 CMB; equiv. to 3 SN/
m—2s-1 century at 10% eff.

powerlaw spectrum
baIIoo.ns, dN/dE ~ E-3
satellites 10 decades in energy;
flux range very large
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stochastic acceleration
In shocked plasma,
confined by mag. fields

knee: p drop out first;
107°

1 end of SN acceleration?
km—=2y-1 isotropic directions
l ankle: harder
10-8 ’ component, extraglactic
k-2 GZK: flux suppression
(100y)- above 60 EeV
composition?
-10
10 1010 1012 1014 1016 1018 1020 SOUI’CeS?.
propagation?

; Energy [eV] particle physics?
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Scaled flux E2°J(E) [m2s'srieV'’]

Equivalent c.m. energy\s_; [GeV]
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composition at and above the
GZK threshold?

alternative explanations like
iIncreasing cross section?

particle physics at Vs > 350 TeV

Addressing these questions
needs much more statistics at ¥
the highest energies,
l.e. a much larger area


http://arxiv.org/abs/1009.1855
http://arxiv.org/abs/1009.1855
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Telescope Array in Utah, 800 km?, in operation

fluorescence telescopes like HiRes

4 ] - - J
Furst s _ 'S S

scintillators like AGASA




AMS (long at C

300GeV| e | e+ | P |He | v | 7
TOF ' T v
e |/ N\

RICH ® ® i‘ft :;

Calorimeter % m\

=

16

1

TOF

Veto

RICH

Calorimeter

Tracker

agnet Coils
& Structure

Helium Vessel

€

E:et,y

L PomV m=P/V

even a single anti-Helium nucleus would be a sensation






18

Cosmic radiations: neutrinos



Fluxes of cosmic neutrinos
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lceCube Lab

50m

1450 m

2450 m

2820 m

2 lceTop
S = .-‘//80 Stations, each with
2 IceTop Cherenkov detector tanks
2 optical sensors per tank
320 optical sensors

2010: 79 strings in operation
2011: Project completion, 86 strings

IceCube Arra(niy
/86 strings including 6 DeepCore strings
1 60 sensors on each string
5160 optical sensors

AMANDA Array

Precursor to IceCube

g

DeepCore

6 strings—sensor spacing optimized
for lower energies

Eiffel Tower

324 m




A factor 1000 in 12 years! %

ANTARES

Alliance for Astroparticle Physics
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ﬁ HELMHOLTZ
ASSOCIATION

e Low Energy . Neutrng..
Astronomy
White Paper
L . to be released
50 kt |IC|UId scintillator in April 2011 !
i * height: 100 m
: * Pyhasalmi mine in Finland (likely)
R&D in HAP:
: - Readout el.
- PMT

« SN in CG: ~ 20,000 v
i « Solar v: ~10,000 per year

AL ALY

111111111111

xxxxxxxxxxxxx
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xxxxxxxxxxxx

xxxxxxxxxxx

S » p-decay, 10 years: T, > 4x10%* yrs

* SN-relic neutrinos - cosmology

* Geo-neutrinos: thermal regime crust & mantel

 Atmospheric neutrinos
P LENA <= DeepCore
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Cosmic radiations: photons



energlereiches Photon

elektromagnetischer Schauver

800 m 800 m

electromagnetic shower hadronic shower

0Om 800m Om 00 m

MAGIC
telescope,
Canary Islands



H.E.S.S.




SN R RX J1713.7-3946
Contours: ASCA keV
Colours: excess counts in H.E.

17 h 15 min




A radio infrared  visible light ~ X-rays  y-rays
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The Cherenkov Telescope Array

® Increase sensitivity CTA: an advanced facility for
ground-based y-ray astronomy

® Extend energy range and astro-particle physics

® Improve angular resolution

N\

% HELMHOLTZ
| ASSOCIATION

50 to 100 large, medium and small telescopes

High-Energy Gamma-Ray Astronomy
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Where and what is the C

ark Matter?
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EDELWEISS Pointe du Fréjus
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WIMP sensitivities

3 EDELWEISS-1 best sensitivity

CRESST-2 in 2003

4 WARP

| CDMS 04+05

Xenon10 200kg.dsg,
ZEPLIN-3 > 09/2009
CDMS 04+05+08

« EDW2-800 kg.d € early 2011

EDW2-3500 kg.d < 2012
| Xenon100
4 SuperCDMS

EURECA -2 from 2015 on
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E. Aprile, Astroparticle Physics (2011), doi:
10.1016/j.astropartphys.2011.01.006
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Neutrino mass



motivation: v's in astroparticle physics

cosmic architects: role of v's as hot dark matter? Vs u

microscopic keys: origin of the v-mass?
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KATRIN — a MAC-E filter system AT
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Two new °Ge Projects:
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*‘Bare’ ®""Ge array in liquid argon

[
L R
.

*Array(s) of ®"Ge housed in high-purity

Shield: high-purity liquid Argon / H,0O electroformed copper cryostat
Phase I: 18 kg (HAM/IGEX) / 15 kg nat. *Shield: electroformed copper / lead
*Phase Il: add ~20 kg new enr. Detectors; *Initial phase: R&D demonstrator
total ~40 kg module: Total ~60 kg (30 kg enr.)

|_> Physics goals: degenerate mass range 4_|

Technology: study of bgds. and exp. techniques

Lol

* open exchange of knowledge & technologies (e.g. MaGe MC)
* intention to merge for O(1 ton) exp. ( inv. Hierarchy) selecting
the best technologies tested in GERDA and Majorana

Stefan Schonert, MPIK Heidelberg / ApPEC SAC meeting 12/13.04.’10



40

Multi-messenger astroparticle physics



particles from the cosmos

instrument

messenger

message

many sources known

photons telescopes many sources unknown
not all understood
sources unknown
cosmic rays particle detectors propagation unknown
composition unknown
. ; 4 known sources:
neutrinos neutrino telescopes

Earth, atmosphere, sun, SN1987a

gravitational waves

resonators,
interferometer

not yet detected

Dark Matter

particle detectors

multiple evidence
no detection yet




Very interesting but not covered today

® Element synthesis in Big Bang, stars, supernovae, nuclear
astrophysics

® Solar neutrino spectroscopy: BOREXINO, LAGUNA, ...

® Neutrino oscillations to pin down the MNS-matrix

® Satellite projects for x-ray and gamma astronomy

® Supernovae, universe expansion, Dark Energy, ...

® Cosmology and astroparticle physics

® “Forward physics” at colliders to improve air shower models

® Anything else



Synthesis

» Astroparticle physics is a great integration effort
* We have gained much deeper insights into the
connections between quarks and cosmos
—More will follow

* Many large projects are conducted outside established
laboratories...; important aspect for daily life!

* The role of detectors is — of course — of utmost
iImportance.

— At least four extremes: extremely harsh operating conditions -
extremely large systems - extremely high precision — extremely
low backgrounds

* You/we have exciting times ahead!






