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Fig. I (top right). The pyramids at Giza. 
From left to right, the Third Pyramid of 
Mycerinus, the Second Pyramid of Che· 
phren, the Great Pyramid of Chcaps. 
[0 National Geographic Society] 



Radiographic imaging with cosmic-ray muons 
Natural background parte les coula be exploited to detect concealed nuciear m atenals 

cspite its enormous success. X-ray 
diograpby' bas its limitatiollS: an 

lllilbilit y to penetrate dense objects. 
the need for multiple projo:1iollS to resol\oe 
tbree-dimension.ill 5trutturc. ud bealtb 
risks from radiaion . Here v.c: show that 
nllluraJ ba::kground muOilS, which are 
generated by cosmic rays ud are highly 
penetrating. can be u!Cd for radiographic 
imllging of medium-to-large. dense d>jcrts. 
without these limitations and with a 
JCUOubly sbon ctposure time. This inex­
pen.si-,e and harrnk:ss technique mil)' offer a 
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1 hr cosmle .ray 
simulation 
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10-4 6- Blue Fe 
Red AI 

MCNPX simulations 
1 em sphere 
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50 Net Counting Rates 
Lead 0.098 cps % = 5.4 
U238 0.815 cps Goo= 33.6 
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8 hours 1 AI IL Pb I DU If LEU .' bgr I __ j__ -

Stopped 22191 33918 24919 26150 8688 

Coinc.(plastic) 695 1303 708 989 452 

Coinc.(He-3) 169 260 206 254 48 

Gammas/cm3 0.17 0.39 0.71 0.99 

y error/cm3 0.007 0.011 0.027 0.031 

Neutrons/cm3 0.042 0.079 0.206 0.254 

n error/cm3 0.003 0.005 0.014 0.016 

0.0083 
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