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Induction



Imaging of density structure
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• Density is a fundamental physical property of matter that plays a 

crucial role in geophysical imaging,

• High-resolution and high-precision imaging of density structures has a 

wide range of applications, including mineral exploration, earthquake 

hazard assessment, and environmental monitoring.

Density Structures Imaging

• Gravity is an important method, but it suffers from low resolution 

and strong non-uniqueness

• Seismic imaging is also an important method, but it is affected by 

errors in the relationship between velocity and density.

Gravity and Seismic Imaging Method

• Provide high-resolution and high-precision density structure with 

a spatial resolution of up to a few meters.，Not effected by surface 

topography or weather conditions, 

• Non-destructive and Non-invasive

• Strong penetrating power and direct related to density 

Cosmic Muon Imaging Method

mineral exploration earthquake hazard 
assessment

environmental monitoring

Gravity measurement and 
abnormal 



Cosmic muon imaging method is widely used
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in geological exploration, archaeology, blast furnace, nuclear power plant, and nuclear waste 
inspection…

Summary of cosmic muon potential application



Typical applications of muon transmission imaging
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d=1m

R=1cm

10 mrad
10m

d=1km

Monitoring internal density of volcanoes and detecting magma channels  Hidden chambers in pyramids

3D monitoring of overburden layers in tunnelsDetection of building structuresMonitoring overburden structure of
 highways and railways tunnels

widely applied to the detection and dynamic monitoring of density structures in large objects



Typical applications of muon scattering imaging

7Monitoring  nuclear power core,  nuclear waste inspection…Customs inspection of containers and vehicles 



Transmission Imaging Method
Theory ，Simulation ability，Instrument 



The principle of cosmic muon imaging
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 By detecting the flux difference before and after 
muons penetrate an object, can achieve "CT-
like" imaging of the internal density structure of 
the object；

 Spatial resolution: tens of centimeters ;
 non-contac t ,  pass ive  source ,  and  two-

dimensional/three-dimensional imaging 

Cosmic muon can be used for imaging 
the internal density of large objects  Single point Radiography Multiple points Tomography



MC Simulation –– 2D imaging ability 
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1m2  detector, simulated imaging of a low-

density fault zone in a 38-meter-thick 

overburden.

Thickness：38 m

Detectors

 For a 38-meter-thick overburden, it takes 2 hours to reconstruct the  20% low-density fault zone.

 The error decreases with the observation time ( or muon flux increases)  to ~1%.



MC Simulation –– 3D imaging ability
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d e t e c t o r

i m a g i n g  
a r e a

t u n n e l

30 m thick overburden + 
5 m thickness+40% low density abnormal 

32m

32m

detector

5 detectors, 1m x 1m，
position resolution 5 cm；
imaging condition >1000 
muons

Gravity anomaly：
~50~70 uGal

3-D tomogrphy with depth constraints



Experiment Observation
Tunnel，Volcano，Blast Furnace，Cultural Artifacts… 



Muon imaging experiment activities
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Tunnel --  Changshu seismic station

14Muon ratio and density structure from the perspective of a 

detector



Tunnel --  Xiaoying subway station
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Xiaoying Station @ Bejing Subway station

Continuous observation for 1 hour can yield the average density structure of the overburden in a 
subway



Volcano

OfficePLUS 16

Theory  
thickness

Ratio

Density 
abnormal



Blast furnace
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Diameter 18 m，High 50 m,

Oct, 2019，



New Method Development
Absolute Density Inversion， Joint Inversion , PoCA+ GRA



Absolute density inversion 
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Density results from Data(red) and Simulation(blue)

Accurate 2D density measurement of samples with dimensions of 
several tens of centimeters can be achieved through 200 hours of 
observation.

Fe-90cm
8.09±1.06

Rock-90cm
2.61±0.82

Water-76cm
1.07±0.41



Cosmic Muon and Seismic joint inversion
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 Joint can significantly improve the observation system and reduce non-uniqueness  ；

 Sep.2022 to April. 2023, muon-seismic joint observation and imaging experiments were 

conducted in 

Huailai Seismic Station in Zhangjiakou.

Position of the muon imaging instrument



PoCA+GRA
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 PoCA+Grey relational analysis method to
simulate layered molten pool
 after the reactor core is damaged （the melt will 
enter the molten pool）

The structure of molten pool in simulation.
（a): two-layers model : light metal(green) + oxide layer 
(red) ，
  (b): three-layers model: light metal(green) + oxide layer 
(red)                 +  heavy metal mixture （yellow） Results by PoCA+GRA

Results only by PoCA

Chen et.al, Nuclear Energy 154 (2022) 104416



Summary



Summary
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Cosmic
Muon
Imaging

Features

Advantage

Application

Future

Disadvantage

Density-sensitive, non-contact, and 
bottom-up ……

Long time for 3D imaging 

Some important results in tunnel，
volcano，mineral…

Algorithm optimization, improvement 
of observation equipment, and 
exploration of new application……

.

High-quality imaging results of large 
object




