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Discovery of Muon
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Left: Carl Anderson working on his cloud chamber. Right: A cloud chamber photograph of a cosmic ray min-shower, in which
electrons and positrons curve in opposite directions.




name: Muon

mass: 105.66 MeV/c2 (207 me)
Mean lite time T: 2.19 us

CT. 6538.0 M

Electric charge: -1e

Spin: 1/2

Antiparticle: antimuon ( p+)

Decay: " = e VeV, (Ut = et Ve V)



Source of Muon

Interactions of protons or heliums with the nuclei of the atoms that constitute our
atmosphere (nitrogen, oxygen, argon)

Pions, charged and neutral particles

Pion decays to a muon and a muon neutrino

produced 15 km in the atmosphere

The original muon energy: ~6 GeV

Energy loss from the production to the Earth surface: ~ 2 GeV

Mean energy of muon at the sea level: 4 GeV

Rate: the order of several hundred per square meter per second (~ 1 p/10 cmz-s)

Time dilation (Earth frame observer), Length contraction (muon rest frame)



Vertical fluxes of cosmic rays
(Particle Data Book)
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Figure 24.3: Vertical fluxes of cosmic rays in the atmosphere with £ > 1 GeV
estimated from the nucleon flux of Eq. (24.2). The points show measurements of
negative muons with £,, > 1 GeV [32-36].



Experimental Setup

Liquid Scintillator
(30x30x30 cm3)

1,2,4-Trimethylbenzene
+2,5-diphenyloxazole
(10%)

Mineral oil (90%)




Scintillation signals
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PMT (Photomultiplier tubes)
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trajectories that were plotted by computer.
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Fvent Information

* bodyQO: ADC counts of the early signal
* body: ADC counts of the late signal

e dt: time difference between two signal peaks



The probability for decay
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From the experiment,
can you:

see the muon and electron signals with the
oscilloscope”

draw signal distributions of the muons and electrons in
ADC counts?

make a plot for the time difference between two signal
peaks?

obtain the mean lifetime of muons by fitting the plot
obtained in the previous step?



