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What are Muons?

• Elementary particle in lepton
family

• Over 200 times heavier than
electron [2]

• Forms in upper atmosphere
[1]
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Cosmic Ray Muon Production
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How Muons Decay

• Two main decay modes

• Lifetime in rest frame: 2.197
µ [1]
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Calibration

• Send two known pulses

• Recorded channel numbers
from the MCA

• Repeat

• Created a calibration curve

t = (1.22± 0.001)× 10−3 · γ + (0.0361± 0.0042)
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Experiment
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Procedure

• PMT bias voltage: −2.2 kV

• Cover computer screen to
reduce noise

• CFD threshold: 40 mV

• Approx. 7 days runtime
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Data Analysis

• Convert chn. to txt.

• Mapped MCA channel
numbers using calibration
curve

• Histogram and exponential
decay curve

N(t) = N0e
−t/τ

• Extract mean lifetime τ



Theory Schematics Data Analysis and Results Discussion and Conclusion

Results

• Measured τ = (2.244± 0.014)µs

• Accepted τ0 = 2.197µs [1]

• 2.1% Relative Error
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Implications

Relativity

• Muon should only travel
about 660 meters before
decaying

• Muons detected at sea-level,
about 10,000 meters

• In lab frame, appears to
have longer lifetime

• Supports time dilation

Weak Force

• Weak nuclear force

• Rate of decay determined by
strength of force

• Strength characterized by
Fermi constant GF

• Supports Fermi’s Theory
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Conclusion

Sources of Error

• Electronic noise

• Systematic timing
uncertainties

• Improper light seal

Potential Improvements

• Better sealing

• Environment change

• Higher threshold
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