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Neutrino STEREO Detector
at ILL reactor is essentially 
a neutron detector
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STEREO search for 𝑛 → 𝑛′

• Result of UT-ORNL group search [1]:

p < 5.5 x 10-8, θ ~< 10-3 for mixing, for mass splitting be ~60 neV (Δm)

• Results of STEREO [2]:

p < 3.1 x 10-11, Δ𝐸 similar to Δ𝑚 (H11=n) from neV up to 10 keV

• (is it better limits ?)

• Checking to see if they’ve done their simulations of the reactor correctly

– They mention that the maximum effect of the uncertainties is ~20% 
between a more-detailed and a less-detailed simulation

• Next UT/ORNL SNS 2020 data publication I assume should address the 

comparison with STERO data.
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ILL Reactor core 
schematic with 
heavy water
vessel
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Cross-section of ILL 
reactor with D2O reflector



[4] Bergeron et al

Cross-section of ILL 
reactor with D2O reflector
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Radial Material Distribution In 1D

From left to right:
1. Dark blue: D2O
2. Red: HEU Core
3. Dark blue: D2O
4. Gray: Aluminum Vessel Wall
5. Light Blue: H2O
6. Gray: Stainless Steel Vessel Wall
7. Olive Yellow: Heavy Concrete
7a. Yellow: Boral Aluminum
7b & c. Red: Lead

8. & 9. Gray: Lead Wall
10. Light Pink: PE Cover
11. Gray: Lead Wall
12. Black: Boron Carbide Detector Cover
13. Gray: Soft Iron
14. Pink: Borated PE Cover
15. Red: Lead Frame
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Simulation Considerations

• Low-energy, thermal neutrons → Only Elastic and Absorption

– Neglecting neutron decay

– In moderators (D2O & H2O),

• In the shielding, absorption becomes important ( Im(Vopt) )

• In the detector, oscillation back to 𝑛 depends on ∆𝑚 and 
mixing angle 𝜃0,

• Calculation must be repeated for every set of parameters 
(∆𝑚 and mixing angle)



Basic Outline of the Simulation

• Assume neutrons coming from core 
are already thermalized and propagate 
via diffusion in spherically symmetric 
model (rough approximation) without
change of average velocity
• At appropriate steps, compute 
scattering and absorption as relevant 
(e.g., absorption in moderators, etc.)

– For scattering events, Accept/Reject 
some probability to scatter; remove 
particle for absorption

𝑛in

𝑛’out at
some prob.

𝑛out at 
some prob.

Scattering “measures” 𝑛in into 
either 𝑛 or 𝑛’ pure states. “Sets” the 
state accordingly: depending on the 
scattering result



Basic Outline of Simulation, cont.

• Track particles as they (eventually) reach 

detector

• “Roll the dice” to see if   𝑛′ → 𝑛 in 

detector, record result

• Final result will be a function of the solid 

angle occupied by the detector (in counting)

• Between two scattering events, the 

evolution is treated by formula from [5] 

where ρ11 & ρ22 are calculated together with 

absorption.

– 𝑃(𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛) = 1 − (𝜌11 + 𝜌22)

n absorbed in LS

n’in “reappears” as n in the LS 
and is detected

photons to PMT
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