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Radiography of  
Gigantic Objects 

Spatial scale m km Mm 

X-ray photography muography neutrinography 

Today’s topic 
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How to determine density 



Muon Detector 



Density mapping 
Density 

low high 

muograph 

magma 



muograph 

bubbling 

Bubbling magma 
Density 

low high 



What is the advantage of 
muography? 

•      Spatial resolution 
•      Passive 
•      Real time monitoring 

But we cannot see beneath the detector 



Eruption Prediction 
-3 factors- 

• When? 
 

• How long (= magnitude)?  
 

• Where? 
 

 

seismic  
monitoring 

cosmic ray 
monitoring 

getting possible 

still difficult 



Monitoring  
volcanic eruptions 

wireless ＬＡＮ antenna 
buried muon detector 

entrance 









Inside Asama 



Feb 2009 Asama eruption 

~100 km from Tokyo  



Mapping  
before and after eruption  

before after 

Density 
low high 



If magma ascended… 

before after 

Density 
low high 



3-d slicing a volcano 

topographic 
contours 

muon 

muon 



Bidirectional muography 

original 
obsevation 
point 

additional  
observation point 
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Volcano, small cones 
and caves 
 

Pingoes 
 

Towards Mars  







In addition to volcanoes 

• Fracture zone of a shallow seismic fault 
• Underground water table (using a tunnel) 
• Soil density mapping (using a drill hole) 
• Ore body detection (Canadian group) 

Various kinds of interests in the shallow crust  





ミュオンは、 
一晩に１００万個 
体を通り抜ける 



What is  
Radiography? 

Particles transformer 

monitor 

image 
analysis 

object of  
interest 

image 



energetic events  

colliding with O and N 

π, K 

µ 

Primary          Cosmic rays 

Secondary         Cosmic rays 
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