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1. Research motivation 

Reactions of producing neutrons: 
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• Incident particles: 

• Proton, deuteron, alpha particle… 

• Force: 

• Nuclear force, electromagnetic force 

• Energy for emitting neutrons 

• Binding energy, relative kinetic energy 

• Deposition on the target 

• Heat 

• New elements 

• Incident particles: 

• Photon 

• Force: 

• Electromagnetic force 

• Energy for emitting neutrons: 

• Relative kinetic energy 

• Deposition on the target: 

• Heat 



5 μs 7MeV e-+2H2O→ 1010n/s (γ,n)source 
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A (γ,n) source for the in-situ applications 
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(γ,n) source 

NaI detector 

Neutron collimator 

HPGe 

e-LINAC 



Elemental analysis 
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Y. Yigang*, L. Yuanjing, W. Haidong, L. Tiezhu, and W. Bin, “Explosives detection using photoneutrons 
produced by X-rays,” Nuclear Inst. and Methods in Physics Research, A, vol. 579 (2007), pp. 400-403 



H N 

Cl Fe 

Fusion of elemental distributions and X-ray imaging 

/25 7 Yigang Yang*, Jianbo Yang and Yuanjing Li, "Fusion of X-ray Imaging and Photoneutron Induced Gamma 
Analysis for Contrabands Detection," IEEE TRANSACTIONS ON NUCLEAR SCIENCE, vol. 60, p. 6, 2013. 



Energy resolving measurement for the epithermal neutrons 
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10 ps 100MeV e-+181Ta→MeV neutron resonant analysis 
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Q.Wang;X.Weng,Y.Yu; C.Deng, Z.Zhang;X.Tuo;Y.Yang*.Investigation of Fast Neutron 

Resonance Transmission Analysis based on the Ultrashort Pulsed Electron Beam-driven 

Photoneutron Source. https://doi.org/10.1088/1748-0221/14/05/P05004 
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Two steps for the photoneutron production 
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e→γ    Bremsstrahlung 

γ →n   Photonuclear reaction 
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Real photons vs Virtual photons 
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Short pulse-width of neutrons → short flight distance 
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2. The measurement of (e,e’ n) reactions 
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(e,e’n) and (γ,n) reactions, both exist 
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Irradiation → IP detector measurement 
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Measured activities of each layer 
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Activities @ different depths 
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(e,e’n) cross sections @ different energy 
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Z=27,29,49,73 
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(e,e’n) source for MeV neutron TOF 
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(e,e’xn) vs (γ,xn) 
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Cross sections of (e,e’xn) & (γ,xn) 
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x ↑  → σ(e,e’xn)/σ(γ, xn) ↑ 
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3. Summary 

• The exchange of virtual photons between the relativistic electrons and target 

nucleus can lead to the excitation of target nucleus and emission of neutrons.  

• σ(e,e’n) for 70~100 MeV electrons is  measured. It might grow rapidly with Z.  

• σ(e,e’xn) with x=1,3,5,6,7,8, are firstly measured for 100 MeV electrons. 

• The ratio of σ(e,e’xn)/σ(γ, xn) increases with the increasing x, which might be 

explained by that the virtual photons’ spectrum has a larger portion in the high 

energy region than that of the real photons. 

• (e,n) reaction may produce ultra-short pulse-width fast neutron source, which 

may play a role for MeV-neutron-resonance based light-nuclei analysis. 
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Thank you for your attention 
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Questions please. 
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Material identification using dual particle interrogation 
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Bi-modal imaging: MeV neutrons + MV X-rays 
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10 ps 100MeV e-+181Ta→MeV neutron resonant analysis 
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Resonance Transmission Analysis based on the Ultrashort Pulsed Electron Beam-driven 

Photoneutron Source. https://doi.org/10.1088/1748-0221/14/05/P05004 
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a “point” fast neutron source 
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photoneutron source  
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The measurement of (e,n) cross sections 
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The (e,e’n) cross sections 
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Activities @ different depths 
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