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Overview of todays lecture
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1. What was left

2. Interaction of heavy charged particles with 

matter, Bethe-Bloch-Formular

3. Application

4. Electrons

5. Bremsstrahlung

6. Application
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The expansion of the solar 
atmosphere – the solar wind 

(Biermann, Parker,…)
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The Sun as a Particle Accelerator:
Energetic photons and neutrons 

From Share and Murphy, 
2005 and Masuda et al, 
1994 7



The Sun as a Particle Accelerator:
Energetic photons
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CME-less flare 2001 Apr 02 was followed 
by

• an ’eruptive’ flare from a 
neighbouring AR

• Radio dm-m-: moving IV
• strong type III (particle escape 

to IP space)
=> SEP (GOES)

GOES (Yashiro, CME catalog)

Flares and SEP: 
the role of magnetic confinement  (Klein et al., 634)
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High Light SH-2: 3-D Particle 
Propagation – The role of perpendicular 

Transport 
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Electron measurements at 1 AU

It is well known that in-situ
observed near-relativistic
impulsive electron events
are well correlated with
type III radio bursts.

At times type III radio bursts
are associated with X-ray
jets (e.g. Aurass et al., 1994)
and EUVI jets (e.g. Wang et
al., 2006).

Due to interplanetary
transport “normal” SEP
event observation last
hours.
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The Earth magnetic field as a 
spectrometer (De Simone et al., 2010) 
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Extraterrestrial Physics I –
Grundlagen und Messmethoden
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Interaction of charged particles with matter
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Energetic charged particles:

1. Ionize and excite atoms and moleculs

2. Loose energy

3. Are scattered in the material

4. Undergo nuclear Interaction 

5. May destroy the material/cristalls

6. Generate hadronic and electron showers in matter



dE/dx History
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• N. Bohr, classical derivation
• Bethe, Bloch: quantenmechanical treatement
• L. Landau: Distribution function
• E. Fermi: Density correction
• ...

Hans Bethe Felix Bloch Enrico Fermi



Energy loss of heavy charged particles by ionization 
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Energy loss of heavy charged particles by ionization 
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Das Ionisationspotential

Mathematisch-Naturwissenschaftliche Fakultät



Mathematisch-Naturwissenschaftliche Fakultät



Mathematisch-Naturwissenschaftliche Fakultät



Mathematisch-Naturwissenschaftliche Fakultät



Mathematisch-Naturwissenschaftliche Fakultät



Mathematisch-Naturwissenschaftliche Fakultät



BraggKurve und Reichweite

Mathematisch-Naturwissenschaftliche Fakultät

Mittlere Reichweite <R> aus Integration der BBFormel
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Spuren von α-Teilchen aus dem 
Zerfall von Radium in einer 
Nebelkammer Monoenergetisch, 
gleiche Reichweite (8.6 cm) Die 
einzelne längere Spur stammt aus 
dem Zerfall eines angeregten Kerns
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