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RESEARCH BACKGROUNDS AND SIGNIFICANCE



In 2003, "Nature" magazine put forward 
the concept of scattering imaging using 
the muon of natural background in the 
package

V No artificial radiation
The flux is about 1/ ╬□ɇ□░▪

V No radiation damage
Only electromagnetic effect, no nuclear effect

V Strong penetration
Energy distribution in the distribution of 0.1-1000GeV, the 
average energy of 3-4GeV

Lausanne Alamos National Laboratory

First Muon Imaging Principle Prototype
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Nature, 2003, 422(6929): 277-277
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Foreign Research Status Quo

Country Group Purpose

Japan Nagoya University
KEKιNEP

Khufu Pyramid Voids Imaging

(2017-nature)

Canada Chalk Reactor Creek 

Site 

Zed-2 Reactor Imaging And Dry Storage Cask 

Monitoring

France CEA Saclay To Tower Imaging

America Los Alamos Fukushima Nuclear Accident Simulation

(2012-prl)

Purdue University Dry Storage Tank Monitoring

Sweden Uppsala University Nuclear Fuel Barrel Imaging

Japan KEK Reactor Imaging

Tsukuba University Reactor Imaging

(DATA STATISTICS AS OF 2017)



ΠNondestructive testing of spent fuel dry storage drums

ΠImaging in -reactor nuclear fuel assembly

ΠImaging the damaged reactor

ΠRemote monitoring and control reactor core

Proceedings of the INMM 54th Annual 

Meeting, Palm Desert, CA, USA, 2013 

July 14 -18

ZED-2 Reactor Bilateral 

Imaging Structure

I. Check if the reactor core melts under accident conditions.

II. Two-dimensional imaging of heavy nuclear matter in the 

encapsulated body.

Application:
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Research  Significance:
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Pb(Z=82)

U (Z=92)

Al (Z=13)

Fe(Z=26)

25mrad19mrad

4mrad 10mrad
FeAl

UPb

Thescatteringangleof Muon approximatesthe Gaussiandistribution

The scattering angle distribution of high, medium

and low Zmaterials hasa clearboundary

High Z

Median Z

Low Z
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Muon Multiple

Coulomb 

Scattering (MCS)



Scatteringdensity : Standardmuonspassthrough the material

per unit thickness,Its scatteringanglevariancesize.

Traditional Tomography

ObjectCharacteristic

Function Lambdaj

Scatteringdensity is proportional to Z

B. Rossi. High Energy Particles,1952.

Green:  Al

Yellow: Fe
Red:      U

Muon 

Multiple 

Coulomb 

Scattering

(MCS)
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Cleardemarcationof the distribution
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PocaAlgorithm Principle

The PoCA algorithm is sensitiveto high Z materials

Point Of 

Closet 

Approach 

(PoCA)

Estimates the scattering points by 
solving the midpoint of the out -of -
plane - line to obtain the estimated 
scattering density of each voxel.
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Step E: Calculate the conditional probability 
distribution ἜἎȟἒȿ of implicit data H
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Maximum 

Likelihood 

Scattering -

Expectation 

Maximization

(ML-EM) 

Iterates to the distribution of the 

previous step, iterating until 

convergent.


