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Introduction to cosmic rays and muons



Primary cosmic rays

- Particles with (extra)galactic or 
solar origin e.g.:
- Fusion processes in sun
- Supernovas
- …

- Primarily protons and 𝛼-particles



Energy 
distribution 



Secondary cosmic rays

- Reactions of primary cosmic rays in upper 
atmosphere:

- Production of baryonic matter:
- Protons, Neutrons, Pions, Kaons

- Decay of Pions and Kaons (very short lived):

- → Production of muons in upper atmosphere 
(~10km)



Secondary cosmic rays



Muons in 
standard model



Muons in standard 
model

- “Heavy electron”:
- Charge: q = 1.6022x10-19 C = e
- Mass: m = 106 MeV ~ 200* me

- Spin: s = 1/2

- Unstable and short lived:
- Life time: 𝝉 = 2.2 𝝁s
- Lets assume: v ~ c:
- Mean path: L = v*𝜏 ~ 0.6 km ??



Muons in standard 
model

- “Heavy electron”:
- Charge: q = 1.6022x10-19 C = e
- Mass: m = 106 MeV ~ 200* m_e
- Spin: s = 1/2

- Unstable and short lived:
- Life time: 𝝉 = 2.2 𝝁s
- Lets assume v~c:
- Mean path: L = v*𝜏 ~ 0.6 km 



Muon Flux

- Muon Flux at sea 
level:  1 cm2/s

- Minimum Ionizing 
Particle:

→ Coincidence rate 
(Later)



Muongraphy



Muongraphy



Experimental setup
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Setup



Detection system

15×15×1 cm³, 
plastic scintillator



Coincidence module

µ

Coincident Not 
coincident



Measurements
Date Location Setup, measurements

25th September Feldrand Separated, different angles

26th September Mine Stacked, @ different depths

27th September Bozen, Waltherplatz Stacked

28th September Feldrand Separated, different angles

28th September Mairwald - Staubecken Stacked, @ different depths

29th September Reinswald-Kassianspitze-
Latzfonser Kreutz

Stacked, @ different depths

29th-30th Sept. Feldrand Stacked, long run

30th-31st Sept. Feldrand Efficiency and random coincidence



Results



Count rate VS altitude



Count rate VS altitude



Count rate VS altitude



Winkelabhängigkeit

θ



Depth Measurements



Depth Measurements

[1] Cosmic muon flux at shallow depths underground., 
Bogdanova, Gavrilov, Kornoukhov, Starostin





Bethe-Bloch Curve

[2] MUON STOPPING POWER AND RANGE TABLES 10 
MeV—100 TeV, Groom, Mokhof, Striganov



Long run measurement

Avg = 1693.5
Var = 1668.3



Uncertainties and efficiency



Efficiency

A 99,1%

B 98,6%

C 97,9%



Random coincidences




