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Probing Internal Structure of a Volcano with Cosmic Ray Muons
Hiroyuki TANAKA* and Kanetada NAGAMINE**

It is well known that cosmic-ray muons are illuminating every substance on the earth. Muons arriving
vertically from the sky have an intensity of one muon every square centimeter every minute with a mean energy
of a few GeV. It is also well known that muons with a smaller average intensity, but with a higher intensity at
energies higher than a few hundred GeV, are arriving horizontally along the earth. For the purpose of probing the
internal structure of a volcano, these horizontally arriving muons can more easily be used, provided that the muon
flux is reasonably high and that the size of the detection system is realistic. An improved cosmic-ray muon
detection system comprising two detectors which are vertically segmented into 10 channels and horizontally
segmented into 10 channels, with multiplicity cut of the soft-component background of cosmic ray was developed.
The multiplicity cut method eliminates soft components by using cascade shower generation through an
intermediate iron absorber. By applying to the measurement in internal structure of the volcano Mt. Asama, we
clearly detected the hidden crater in the vicinity of the top. There, we proved that the volume occupancy in the
region of a crater is less than 30% by comparing to the detailed Monte Carlo simulation. The future prospects of
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the present method is also discussed.
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results were deduced by Eqgs. (7) and (12).
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Fig. 7. A Monte Carlo simulation of an electron induced cascade in iron with a thickness of one (triangle), two
(square), and three (circle) radiation lengths. The incident energies are (a) 0.1 GeV, (b) 0.5 GeV, and (c)

2.0 GeV.
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Fig. 8. A result of Monte Carlo simulation of a high energy electron induced cascade in iron with a thickness of
one, two, and three radiation lengths. Spatial extent of cascade showers initiated by 0.1 GeV, 0.5 GeV, 1.0
GeV, and 2.0 GeV electrons is indicated in this figure.
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Fig. 9. A segmented detection system comprised of an array of scintillation counters. Angular resolution of £ 66
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Fig. 12. Trigger for multiplicity event was designed by placing an iron plate with thickness of 10cm (6Xo)
between two detectors in order to eliminate soft component background using by electromagnetic cascade
generation. 0 rays initiated by muons are not energetic enough to be ejected from the iron plate.
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Fig. 13. Conceptual three dimensional view of segmented detection systems placed in a container used for the Mt.
Asama experiment. The detector is comprised of scintillation counters protected by aluminum housings as

shown in this figure.
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Fig. 16. Geometrical arrangement for the counter versus Mt. Asama taken in the present measurement: (upper)
conceptual three-dimensional view; (lower) horizontal view.
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Fig. 18. Correction of efficiency ((detector area) X (solid angle)) of the detection system for the present

measurement.
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