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Introduction.

• Measurements of the lifetime of the muon, coupled with
measurements of the muon flux as function of altitude,
confirmed the predictions of the theory of relativity.

• The connection between the muon lifetime and the theory of
relativity makes the muon lifetime experiment an exciting
experiment for the advanced laboratory.

• The techniques used to determine the lifetime of the muon
have changed over time and will be discussed in this talk.

• The muon lifetime experiment can be improved significantly
by using  digital signal processing techniques.

• These improvements not  only enhance the advanced
laboratory experiment, but also allow us to share the data in
real time with the general public.
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Obtaining the muon lifetime by studying the
anomalous absorption of muons in air.

• The original muon lifetime was
measured by Rossi and Hall by
comparing the muon absorption of air
and dense absorbers (with equivalent
stopping powers).

• The previously observed anomalous
stopping of muons in air was assumed
to be due to the decay of muons.

• Based on carefully measured muon
rates at different altitudes, with and
without absorbers, Rossi and Hall
obtained a lifetime of 2.4 ± 0.3 µs.
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Direct measurement of the muon lifetime.
Scenes from the 1962 movie “Time Dilation”.

Decay products.

Decay product
Stopping muon

Absorber

Frisch and Smith.
AJP: 31, 342 (1963).
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Direct measurement of the muon lifetime.
Result: 2.2 ± 0.2 µs.

AJP: 31, 342 (1963)
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Muon-decay experiments in the advanced
laboratory.

• The processing of photographs to
determine the lifetime of the
muon was rather cumbersome.

• The development of TACs or
TDCs made it possible to collect
data over extended periods of
time, but sacrificed the detailed
information about the pulse
shapes contained in the
photographs.

• Despite these draw backs, the
TAC/TDC-based measurement
technique currently dominates the
approach used in the advanced
laboratory. AJP: 38, 1196 (1970)
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The future generation: utilizing digital-signal
processing (DSP) in the advanced laboratory.

Current muon lifetime 
experiment in the advanced 
laboratory in Rochester.

Muon lifetime experiment 
utilizing digital signal
processing.
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Measuring the muon lifetime using DSP.
The waveform preserves energy information.
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The muon lifetime on the WEB.
DSP makes it easy to interface to the WEB.

http://wolfspc.pas.rochester.edu/muon/
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The muon lifetime on the WEB.
View data in real time or do your own analysis.
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Summary.
• The first direct measurements of the

muon lifetime used photographs to
capture the waveforms produced by
the stopped muons.

• The current generation of muon
experiments used in the advanced
laboratory only preserve the time
correlation between the stopping and
the decay pulse.

• The future generation of muon
experiments use DSP to capture the
full information contained in the
waveform of a stopping muon.

• The DSP information is accessible to
everyone, everywhere.


