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“If the Universe is the answer, 
what is the question ? “ 
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Leon Lederman 



  

Some References  
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Many good references and books, can't list all of them... 



  

Oulines of Lectures 
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Lecture 1
1. Introduction to Astroparticle physics :
         1.  A bit history
         2.  Experimental  Methods 
2.  Air shower physics 
         1 . EM shower
         2.  Hadronic shower
         3. Cherenkov Emission 
3.  Atmosphere 
         1.  Basic Models
         2.  Light propagation in the atmosphere
Lecture 2 
1.  Shower Parameters
2. Some simple applications           



  

Astor-Particle Physics 

High energy particles (>100 
GeV) are produced by non-
thermal radiation in the sources.  
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Particles propagate 
through the space. 

Detection on the earth or 
close to the earth. 

Source Physics

Particle propagation

Detections 



  

Why Astroparticle Physics ? 

Astrophysics: 
1. A new windows of looking at our Universe.
2. Probe violent environments in cosmos. Example: strong B   
(pulsars), large scale particle acceleration (AGNs).   
 mostly non-thermal radiations

Particle Physics: 
1. Probing the unexplored energy regime of the particle 
interactions. 
2.  New (surprise)  physics (particles&matters)  discoveries.   
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Astroparticle Physics History
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CR History: II
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CR History: III
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Astro-particle physics getting hot!
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The magnificent Seven in EU. 

AStro Particle ERAnet (ASPERA) network

1. CTA 
2. KM3NET 
3. Very big scale dark matter detectors
4. Very big scale detector to determine the 
fundamental physics of neutrino ex: mass
5. A very big-scale detector for the search for 
proton decay, neutrino astrophysics and the 
investigation of neutrino properties (LAGUNA) 
6. A large array for the detection of charged 
cosmic rays
7. A third-generation underground gravitational 
antenna. 



  

Particle Propagation 

Particles propagate through the (inter-) 
galactic space, may interact with the materials 
(or fields) in between. 
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Particles: γ,  µ, p,  
Fe.. ν, e+-...

E, B
(usually unknown)

The original information may be lost. 

While the particles are approaching 
(entering)  the earth, they interact with 
the earth atmosphere. 

Some of the original information may 
be lost. 



  

Long-Standing Mystery 

Where come HE and VHE cosmic rays ? What are the origins ?
current status:  there are several possible objects, but we are 
not sure. (there is no experimental evidence)  
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Experimental Methods 
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Astro-particle experiments

Direct measurement indirect measurement

Balloons, 
Satellites.....  

Particle arrays, 
Emulsion experiments,
Cherenkov/fluorescence 
light experiments
Radio
Underground experiments

Energy spectrum,
Element compositions,
directional information, 
hadronic interactions,
new physics ?
 



  

In-Direct Detections 
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Air Showers (EM) :close look 
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Radiation length (for bremsstrahlung): the mean distance traversed in a medium 
over which a high energy electron loses all but 1/e of its energy. Xair ~ 36.6 g/cm^2 
(depending on the air composition) 



  

Air Showers : EM Showers 
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Similar things in photon : 

Pair production by photon to lose energy to its 1/e is 

X
photon

 = 9/7 X
brems

On average, a photon travels a longer track in the medium before creating 
an electron-positron pair then an electron to undergo bremsstrahlung. 
(Coulomb bremsstrahlung)  

Critical Energy:  Ebrem = Eion  @ air        Ecrit ~ 84 MeV. 



  

Air Showers : Heitler's Model 
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Air Showers : Hadronic Showers 
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Charm 
Decay …



  

Air Showers : Hadronic Showers 
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HE e-
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Air Showers : Hadronic Showers 
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Air Showers : Hadronic Showers 

Size at maximum
nearly model independent

Model dependence
more pronounced at
large depth (distance)
from shower maximum
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Hadronic Shower: Applications
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Ching-Cheng would like to show great gratitude to the 
members in CORSIKA team who are kindly provide their 
simulation plots and slides.  
Last but not least, Dr. Tsung-Che Liu and Dr. Chung-Lin 
Shan's kind hosts during my visit in NCTU. 
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