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Why detecting 𝜈  with direction? 

• Mapping geo-neutrinos. 

• Monitoring nuclear reactors. 

• Nuclear non-proliferation. 

• MSW effect for imaging earth? 
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Why detecting 𝜈  with direction is so hard? 

• 𝜈 + 𝑝 → 𝑛 + 𝑒+ 

• Reaction has a threshold  ≈ 1.8 MeV. 

• Focus on reactor antineutrinos (2-7 MeV). 

• Event is signaled by immediate 𝑒+ annihilation 
and a delayed neutron capture. 

• The problem lies in neutron diffusion. 
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How do we solve the problem? 

• Minimize the effect of neutron scattering! 
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For 10 keV neutron, 35 collisions before thermal.  

Mean free path ≈ 1 cm, random walk ≈ √𝑁, giving 𝜃 ≈ 5∘.  



How does the detector look like? 

Why does the detector look so… simple ? 



• Segmented parallel plate detectors modeling plastic scintillators.  
 

• Central: thin, target layer, plastic. 
Side:      thick, neutron detection layer, boron-10 doped. 
 

• 𝑛𝑐 = 4.44 × 1022, 𝑛𝐻 = 5.18 × 1022, 𝑛𝐵 = 5.68 × 1020 𝑐𝑚−3 
 

• Elastic cross section: 𝜎𝐻 = 20 𝑏, 𝜎𝐶 = 5 𝑏 
 

• 𝑙 =
1

𝑛𝐻𝜎𝐻+𝑛𝐶𝜎𝐶
= 0.8 𝑐𝑚 

 

How does the detector look like? 



How do we find 𝜈  direction? 

• When close to threshold, neutron direction is highly correlated with 
antineutrino direction. 
 

• Missing neutron energy, need probabilistic treatment. 
 

• Positron momentum? 
 

• Signal: 
• 𝑒+ ionization 
• 𝑒+ annihilation 
• delayed neutron capture 
• Time-of-flight 

 



C.D.F vs P.D.F 



Is there directionality? 

• 4 MeV antineutrino normal incident 
based on 10million events. 

• Good! There is directionality! 



Different Geometry 

• 4 MeV antineutrino normal incident 
based on 10million events. 



Different Incident Energy 

• 2, 4, and 7 MeV antineutrino normal incident 
based on 10million events. 1 cm thick target. 



Different incident angle 

• 4 MeV antineutrino, based on 10million events. 
1 cm thick target. 



Different Material 

• 10B: 3835 b, (𝑛, 𝛼) 
• 157Gd: 259,000 b, (𝑛, 𝛾) 
• 3He: 5333 b 
• 6Li: 940 b, (𝑛, 𝛼) 
 



Acceptance is also important 

• defined as fraction of neutrons passing through all cuts. 
• time window changed to study change of acceptance. 



Facing reality 

• is the detector realistic? 
 

• 𝜎 = 10−42𝑐𝑚2, 𝜌 = 1022𝑐𝑚−3 
 

• detector:  1𝑚 × 1𝑚 × 1𝑐𝑚  
 

• 4 GW reactor, Φtot = 1020 ∼ 1022 𝑠−1  
 

• 20 m away:  Φ = 1012 ∼ 1014 𝑐𝑚−2𝑠−1   
 

• Event rate: 𝑅 = 102 ∼ 104𝑑−1  
 

• 𝑝𝑎𝑐𝑐𝑝 = 0.1  

 



What have we learned? 

• 𝜃𝑒𝑟𝑟𝑜𝑟 = tan−1
𝑟

𝐿
 

 
• No free lunch 

 




