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MV X-ray imaging 
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The same mass thickness←→the same attenuation 
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More information is needed for the contrabands detection 
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• In the traditional MV X-ray imaging system, mass-thickness is the 

only acquired information, which is not enough to indicate the 

existence of  contrabands.  

• Explosives, Drugs, and SNMs (Special Nuclear Materials) 

• Fusion of different information of various technologies is needed 

to locate and identify contrabands. 

• Integrating different physics within one system can reduce the 

system complexity. 
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Dual-energy X-ray imaging 
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Scattering X-ray analysis 

/27 8 

CsI array for 

X-ray 

imaging

14bit 120MHz ADC

Algorithm to 

reconstruct scattering 

spectra

3inch

LaBr3(Ce)

Lead

Lead

Lead

W 

target

7  MeV e

Incident photon

scattering photon

transmitted photon

Inspected matter

Scattered photoelectron

K X-ray

Bremsstrahlung photon

Photoelectric absorptionPhotoelectric absorption

Scattered photoelectron

K X-ray

Bremsstrahlung photon

Photoelectric absorptionPhotoelectric absorption

K X-ray

Bremsstrahlung photon

Photoelectric absorptionPhotoelectric absorption

Recoiled 

electron is 

scattered by 

coulomb field
Compton scattering photon

Compton scatteringCompton scattering

Bremsstrahlung

photon

Recoiled 

electron is 

scattered by 

coulomb field
Compton scattering photon

Compton scatteringCompton scattering

Bremsstrahlung

photon

scattered 

electron

Pair productionPair production

Bremsstrahlung

photon

511keV

511keVpositron

annihilation

scattered 

electron

Pair productionPair production

Bremsstrahlung

photon

511keV

511keVpositron

annihilation

Rayleigh scatteringRayleigh scatteringRayleigh scatteringRayleigh scattering

The interactions that cause the loss of incident photon

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

c
o

u
n

t 
ra

te

Energy(MeV)

 compton scattering

 annhilation photon

 bremsstrahlung photon

  

1nZ 

  

2Z

  

1Z

0.0 0.5 1.0 1.5 2.0 2.5 3.0

1E-5

1E-4

1E-3

1E-3

0.01

0.1

1E-3

0.01

0.1

1E-3

0.01

0.1

1E-3

0.01

0.1

1E-3

0.01

0.1

1E-3

0.01

0.1

1E-3

0.01

0.1

1E-3

0.01

0.1

1E-3

0.01

0.1
1E-3

0.01

0.1

1E-3

0.01

0.1

0.0 0.5 1.0 1.5 2.0 2.5 3.0

 n
o

n
e

Energy(MeV)

 

P
E

 

A
l

 

T
i

 

F
e

 

C
u

 

Z
n

 

Z
r

 

S
n

 

G
d

 

W

 

 

P
b

Zn Sn W Gd Pb 

Zr Ti Fe Cu Al 



by analyzing the scattering X-ray spectra, Z information 

can be acquired 
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Fermion and neutral particle 

• Neutron: 

– Neutral particle: Penetrating capability 

– Fermion: Pauli exclusion principle → Nuclear Structure 

• More information about contrabands can be provided by 

neutron related reactions. 
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Why e-linac driven neutron source? 

12 /27 

0

2

4

6

8

10

12

n/gamma

life-span

deployable

operation cost

fixed cost

neutron flux
 isotopic

0

2

4

6

8

10

12

n/gamma

life-span

deployable

operation cost

fixed cost

neutron flux
 spallation

>1017n/s/MW 

0

2

4

6

8

10

12

n/gamma

life-span

deployable

operation cost

fixed cost

neutron flux
 reactor

~1017n/s/MW 

0

2

4

6

8

10

12

n/gamma

life-span

deployable

operation cost

fixed cost

neutron flux

 neutron generator~107~8n/s 

0

2

4

6

8

10

12

n/gamma

life-span

deployable

operation cost

fixed cost

neutron flux
Photoneutron source

~1010~15n/s 

Low 

Relocatable 

 , 1

1

nA A

Z N Z NX X n


 

 

bremsstrahlunge 

 , 1

1

n

v

A A

Zirtua N Z Nle X n eX


 

  



photoatomic or photonuclear reactions 
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Photons → Neutrons 
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Angular distribution of X-ray 

0.034%

• Photoneutron yield 
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2.6kg 9Be 

20kg D2O 

nD p   

9 2 nBe   



PhotoNeutron X-ray Radiography (PNXR) 
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Fused X-ray image and Photoneutron image 
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Beta-delayed neutrons after the (γ,fission) 
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Sensitivity & energy range 
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Steps for locating and identifying SNMs 
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(n, γ) analysis for explosives or drugs 
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Fusion of X-ray image and elemental concentration distribution 
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Drugs or explosives detection system 
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3.Summary 

• An e-LINAC can produce both X-rays and photoneutrons simultaneously.  

• Properties of the photoneutron source: 

• High neutron yield 

• Long life-span & Robustness 

• Relocatable and suitable for the field use 

• Pulsed mode, enabling the energy selective methods 

• The philosophy of “one-source, two-radiation, multi-physics” can be 

supported by the e-LINAC driven photoneutron source to enhance the 

contrabands detection capability. 

• Coulomb excitation of high energy electrons may result in interesting 

interactions and should be investigated. 
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100MeV e- vs 181Ta 
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“one-source, two-radiation, multi-physics” for the 

contrabands detection 
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Thanks for your attention 

& 

Questions please 
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