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Victor Hess
before the balloon fligh of 1912

Discovery of Cosmic Rays
Beginning of
High Energy Astrophysics

Intense Connection 
between the fields of
Cosmic Rays  and
Particle Physics
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Understanding of  Shower Development
Interpretation of Indirect Measurements 
of High Energy Cosmic Rays

Fixed Target Programs
ISR
SppS
TEVATRON



FUTURE

Particle
Physics 

Cosmic Ray
Physics

?

Both "flows"  of information are possible

Very important input
of hadronic physcs 
for the terpretation  of c.r.

Highest  energy interactions
observed with
Cosmic Rays
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Spectrum 



Cosmic  Ray
Spectrum 

E = 1019 eV



Spectrum   *  E2.7



Knee Region

GZK  Region





LHC

14 TeV



Tibet  ASγ   detector

Indirect Measurements of Cosmic Rays

Extensive Air Showers
Multi-Component measurements
e.m. (e±, γ), µ, hadrons.

E > 1014 eV
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  E = 1014 eV
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Components 
not Resolved:

Model Dependence



Measurement  of  two or more Components
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The KNEE Different 
Experiments



Ultra High Energy 
Cosmic Rays    (E > 1019 eV)

AGASA

HIRES   (High Resolution Fly's Eye)

AUGER

EUSO 



AGASA detector
(Japan)

Area = 100 Km2





Implication of
these events
potentially
very profound



AGASA  Energy determination



18 %

Energy Determination





Composition Analysis

AGASA



The Fly's Eye
Detector concept



The Fly's Eye 
detector  (Utah)   1990 -1998 



The High Resolution Fly's Eye    (HIRES) 





Absorption corrected

In principle  less Model Dependence
in the Energy Determination



Energy Spectrum  of the Highest Energy Cosmic Rays 

Hires results:
astro-ph/
0208243
0208301

Controversy

GZK  Cutoff
(Greisen-Zatsepin-Kuzmin)



QUESTION:

Has the Discrepancy between  
AGASA and  HIRES
anything to do with 
the behaviour of 
Hadronic Interactions
at High Energy ?



X
max

Composition
Measurements

Significant Model dependence



AUGER detector 

3000 Km2

Hybrid 
system



EUSO 

Planned for
the ISS



COSMIC RAY PHYSICS

   Has matured 
  to become a subfield of

HIGH  ENERGY
 ASTROPHYSICS 

 γ Astronomy
 ν Astronomy
 Gravitational waves



Astrophysical Observations   
 with  Four Messengers

Photons

Neutrinos

Cosmic Rays  (p,e-,  p,e+,...)

Gravitational Waves



Astrophysical Observations   
 with  Four Messengers

Photons

Neutrinos

Cosmic Rays  (p,e-,  p,e+,...)

Gravitational Waves

Nearly all the information
that we have about the Universe
obtained with Photons

History of Astrophysics
Extension of the range
of observed wavelength.



Astrophysical Observations   
 with  Four Messengers

Photons

Neutrinos

Cosmic Rays  (p,e-,  p,e+,...)

Gravitational Waves

Messenger Properties
are a "Fundamental Physics"
problem



Compton Gamma Ray  Observatory

1991-2000



EGRET all Sky  Map



271  sources



GLAST

Launch  2007

Order of magnitude 
improvement over
EGRET



Cherenkov (TeV) 
Telescopes 

Whipple
HEGRA
CAT
Cangaroo

MAGIC
HESS
VERITAS



Discovery of  several classes of
Astrophysical Objects  (or Events)
Where particles (electrons and/or positrons)
are accelerated to UltraRelativistic  Energy

AGN
GRB
SuperNova Remnants
MicroQuasars



NEUTRINO  PHYSICS

Particle Properties

Astrophysics with Neutrinos 



Atmospheric 

Solar 

Astro-
physical 

Natural
ν
Fluxes

Cosmological Supernova
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3  type  (FLAVORs)   of Neutrinos  



m2



m2

∆m2  Sign Ambiguity 

Absolute Mass 
not determined



Dirac Particle Majorana Particle



Neutrino Telescopes

Detection concept

Antares, Nemo, Nestor 
Amanda, Ice-cube



Neutrino Telescopes

Icecube



LIGO 

VIRGO 



NAUTILUS   (CERN):  
Aluminum  cylinder ,
M = 2300 kg,

 T  = 0.1 K
Resonance frequencies: 
 908 and 924 Hz

Resonant ANTENNAE 

LISA - Interferometer in Space



COSMOLOGY



< 1.5 %

73 4 %

23 4 %



DARK  ENERGY

DARK  MATTER



IMPLICATIONS of  the  EXISTENCE
of  COSMIC RAYS above 1020 eV

Possibly Very Profound



TOP - DOWN    Models 
High Energy Cosmic Rays  as DECAY products of 
Massive "Exotic"  Objects  (Relics of the Early Universe)

Topological Defects.     SuperMassive Particles 



Nematic Liquid Crystals





WIMPZILLA's M = 109  - 1019 GeV 



Phenomenology of QUANTUM GRAVITY  ?!

Effective speed of photons in
quantum space foam

High Energy Photons delayed





Modifications  of Reaction Thresholds



The "BORING"   
Conservative Solution:

Cosmic Ray are Accelerated

is NOT  "boring" at ALL !!

The GZK cutoff exists



Shock 
Acceleration
of Cosmic Rays
in the sun



Mechanism 
reproduced  at

MUCH LARGER SCALE
(size, magnetic field.
  Velocity of plasma flows)

to produce the cosmic rays
up to the highest energy



The Most Extraordinary
BEASTS
in the COSMOS 

Supernovae
Gamma Ray Bursts
AGN
Microquasars



CAS A
(1667)



Trinity Test  (1945)



Sedov-Taylor  expansion

R(t) = t5/2







GRB 970228
28 february 1997

Beppo SAX



GAMMA RAY BURSTS  (GRB's) 





Energy Spectrum



BEPPO SAX     X-ray satellite



GRB 970228
28 february 1997



GRB030329 



3C 219

Optical

Radio

ACTIVE GALACTIC  NUCLEI



CYGNUS-A

JETS
VLA radio  image







VLBI 

VLA



Superluminal
Motion



θ





Micro-Quasars



HIGH ENERGY ASTROPHYSICS

A rich and Rapidly developing Field

 Prospects for the FUTURE
of the HIGHEST INTEREST

Communication  between different Communities
is ESSENTIAL

Multi-Messenger  Studies
Photons, Neutrinos, Cosmic Rays,  Gravitational Waves 

Particle Physicists
 Astrophysicists 



The Cosmic Ray VICIOUS CIRCLE

Need  good knowledge  of 
Hadronic  Interactions  to interpret 
the Cosmic Ray Data
Energy Spectrum -  Composition 

Not  knowing
 the Energy Spectrum  and Composition
one cannot use the c.r. data 
 to extract information  about   
Hadronic  Interactions 



Two Approaches to   break the "Vicious Circle"

Baron of Munchausen  (Bootstrap) Method

Redundant Measurements  of Cosmic Rays

allow a determination of the 
Energy Spectrum and Chemical Composition
together with a determination of the most relevant 
properties of the Hadronic  Interactions  

Baron of Munchausen 
finding himself in a swamp
got himself  out ....  pulling his own hair   



Cosmic Ray 
TOMOGRAPHY

Brain
X-ray  Tomography



Second  Approach to   break the "Vicious Circle"

Build a Stair

Jack and the Beanstalk Method 
(building a stair)

with experimental and 
theoretical studies



NEEDS



FORWARD PHYSICS

LHC
Very little infomation
of the region 
x

F
 > 0.1



QUESTIONS


