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Building a DIY Muon Detector Using Cherenkov Radiation with a PMT and
Study on the Muon Screening in Lead
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Cherenkov radiation originating from charged particles moving fast in water can be detected by
using photoelectron multiplier tubes. Using this fact and apparatuses easily obtained from the
Physics Department, we were able to build a muon detector for educational purposes. With this
detector, we tried to detect muons reaching Earth’s surface from above. The kinetic energy of
the muons decreases as they move in lead materials. Using the detector, we investigated how the
number of muon signals varies with the shield thickness and the ways of placing the lead shields.
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Fig. 1. Structure of the multiplier tube [8].
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Cosmic Rays at Sea Level

1072 - Table 1. Properties of HAMAMATSU R636-10 model.
{ \Neutrons

% 9 Electrons | —1 N Spectral response 185 ~ 930 nm
E. 10 — \ Wavelength respose 300 ~ 800 nm
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Fig. 2. Distribution of kinetic energy of muons reaching
the ground [9].
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Fig. 3. (Color online) Schematic diagram of muon detec-
tor.
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Fig. 5. Experimental Circuit.
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Fig. 6. (Color online) Experiment 1. Shape of the lead
shield. The detector is located under the lead shield.

Fig. 7. (Color online) Case (iii) of Experiment 2. Shape
of the lead shield. The detector is located inside the lead
shield.
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Fig. 8. (Color online) Typical pattern of signals on the
oscilloscope screen.

——S5cm
10cm
15¢cm

\

100

Mumber of Signals

10 : ; -
048  -0.64 08 096 -112  -1.28
Voltage [mV]

Fig. 9. (Color online) -0.48 mV to -1.28 mV range of
signals according to lead thickness.
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Fig. 10. Results of experiment 1. Graph when the thick-
ness of lead shield is increased by 5 cm from 0 to 50 cm
above the detector for 1000 seconds.
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Fig. 11. Results of experiment 2. Graph of the number
of signals according to the shape of the detector in each
cases for 1000 seconds.
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