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1054 IN CHINA:
“... on the 11th of the 
month a new star 
appeared near 
Antares...”

Today: the famous Crab nebulus

LMC before LMC after

Feb 23, 1987: “A neutrino burst was 
observed in the Kamiokande II detector 

on 23 February, 7:35:35 UT (±1 min) 
during a time interval of 13 sec.”



This is Astroparticle Physics

Gravitational Waves

Cosmic 
rays, 
gammas, 
neutrinos

Nuclear Astro-physics

Acceleration to 
1020 eV

Relic ν, 
structure 
formation
ν mass

Dark Matter

cosmic
  structures,
        magnetic
               fields

particle physics at 400 
TeV in the c.m.s.

low-energy 
satellite 
based 
astrophysics

pνγχ:  multi-messenger approach
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Cosmic radiations: nuclei



Victor Hess 1912
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LHC 
beam
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element abundances: 
15 My in galaxy & halo

energy density ~like 
light, magnetic field, 
CMB; equiv. to 3 SN/
century at 10% eff.

powerlaw spectrum 
      dN/dE ~ E–3

10 decades in energy; 
flux range very large

stochastic acceleration 
in shocked plasma, 
confined by mag. fields

knee: p drop out first; 
end of SN acceleration?

isotropic directions

ankle: harder 
component, extraglactic

GZK: flux suppression 
above 60 EeV

composition?
sources?
propagation?
particle physics?
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100 TeV

100 EeV

Hillas condition 
and diagram:
Emax ~ ß Z B L
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Knee

Ankle

GZK 
or
Emax?



4 x 6 fluorescence 
telescopes

1660 water Cherenkov 
detectors covering 
3000 km2



11





) -
1 

2.6
0

 E×
J/(

A
-1

-0.5

0

0.5

1

1.5

Auger 09

]2
> [

g/c
m

ma
x

<X

650

700

750

800

850 proton

iron

QGSJET01
QGSJETII
Sibyll2.1
EPOSv1.99

E [eV]
1810 1910 2010

]2
) [

g/c
m

ma
x

RM
S(

X

0
10
20
30
40
50
60
70 proton

iron

E [eV]1810 1910 2010

50-60 EeV

relative flu
x

spectrum: 
convoluted 
information 
about 
sources, 
particles and 
propagation

shower profile: 
independent, 
best estimator 
of primary 
particle mass

de/dX

XXmax

models assume 
no change in 
basic physics

?

?

?

composition at and above the 
GZK threshold?

alternative explanations like 
increasing cross section?

particle physics at √s > 350 TeV

Addressing these questions 
needs much more statistics at 

the highest energies, 
i.e. a much larger area

northern sky 
unobserved

few events in 
sky map

http://arxiv.org/abs/1009.1855 as of Sep 10, 2010

http://arxiv.org/abs/1009.1855
http://arxiv.org/abs/1009.1855
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Telescope Array in Utah, 800 km2, in operation

scintillators like AGASA

fluorescence telescopes like HiRes



AMS (long at CERN)
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even a single anti-Helium nucleus would be a sensation



Fluorescence
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Cosmic radiations: neutrinos



under-
ground

optical:
- deep water
- deep ice

- air showers
- radio
- acoustics

Fluxes of cosmic neutrinos
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 A factor 1000 in 12 years!

southern	
  sky	
  	
  	
  	
  	
  	
  northern	
  sky

   IceCube-40
Northern sky

Southern sky

ANTARES

2000

2012
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LENA
• Low Energy                               Neutrino 

Astronomy

• 50 kt liquid scintillator
• height: 100 m

• Pyhäsalmi mine in Finland  (likely)

• SN in CG: ~ 20,000 ν

• Solar ν: ~10,000 per year

• p-decay, 10 years: τp > 4×1034 yrs 

• SN-relic neutrinos  cosmology

• Geo-neutrinos: thermal regime crust & mantel

• Atmospheric neutrinos + acc. beam: long 

White Paper 
to be released 
in April 2011 !

	
  LENA	
  ↔	
  DeepCore

R&D in HAP:
- Readout el.
- PMT
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Cosmic radiations: photons
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MAGIC 
telescope, 

Canary Islands
electromagnetic shower hadronic shower



H.E.S.S.

VERITAS
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SN R RX J1713.7-3946
Contours: ASCA keV
Colours: excess counts in H.E.S.S.
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taken from 
Schlenstedt 2009
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Where and what is the Dark Matter?
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The quest for Dark Matter
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WIMP sensitivities

200kg.dfid. 
 09/2009

 2012

 early 2011

 from 2015 on

best sensitivity
in 2003
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E. Aprile, Astroparticle Physics (2011), doi: 
10.1016/j.astropartphys.2011.01.006
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Neutrino mass



cosmology

motivation: ν´s in astroparticle physics 

cosmic architects: role of ν´s as hot dark matter? 
microscopic keys: origin of the ν-mass?

structure of the universe
(Millenium Simulation)

particle physics

mass [GeV]
fermions

bosons

massless
bosons

neutrinos
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KATRIN – a MAC-E filter system

distance from analysing plane [m]

spectrometer detector
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ultraluminous molecular
windowless gaseous 

tritium source

ß-spectroscopy 
with ΔE =0.93 eV 

tritium source

adiabatic particle transport over 70 m
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39 Stefan Schönert, MPIK Heidelberg / ApPEC SAC meeting 12/13.04.’10

Two new 76Ge Projects:
GERDA Majorana

•‘Bare’ enrGe array in liquid argon  
•Shield: high-purity liquid Argon / H2O
•Phase I: 18 kg (HdM/IGEX) / 15 kg nat.
•Phase II: add ~20 kg new enr. Detectors;          
total ~40 kg

•Array(s) of enrGe housed in high-purity 
electroformed copper cryostat 
•Shield: electroformed copper / lead
•Initial phase: R&D demonstrator 
module: Total ~60 kg (30 kg enr.)

• 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

Physics goals: degenerate mass range
Technology: study of bgds. and exp. techniques

LoI
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Multi-messenger astroparticle physics



J. Blümer, Forschungszentrum u. Universität Karlsruhe EPS13 Bern 41

particles from the cosmos

messenger instrument message

photons telescopes
many sources known

many sources unknown
not all understood

cosmic rays particle detectors
sources unknown

propagation unknown
composition unknown

neutrinos neutrino telescopes
4 known sources:

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

• Astropar.cle	
  physics	
  is	
  a	
  great	
  integra.on	
  effort
• We	
  have	
  gained	
  much	
  deeper	
  insights	
  into	
  the	
  
connec.ons	
  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	
  
importance.	
  
–At	
  least	
  four	
  extremes:	
  extremely	
  harsh	
  opera.ng	
  condi.ons	
  -­‐	
  
extremely	
  large	
  systems	
  -­‐	
  extremely	
  high	
  precision	
  –	
  extremely	
  
low	
  backgrounds

• You/we	
  have	
  exci.ng	
  .mes	
  ahead!
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