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• Analysis of STEREO reactor simulation not yet completed
but we are close.

• Progress reported in several issues:

1) Large Mixing Angle Exclusion in D2O
2) What Can Be Learned from a H2O Reactor?
3) Attempt for Radial n absorption, n’ production plot  

( for fixed dm and theta )
4) Update of Material Parameter Table
5) Better Understanding the Scintillator
6) 8mm B4C Surprises

Overview



1) Large Mixing Angle Exclusion in D2O

Neutron Flux in the ILL Reactor

• MCNP-calculated and measured 
neutron flux in D2O* agree to better 
than <10 ? %

• Will take 10% as an uncertainty of 
the flux measurements that would 
be giving  max space for 𝑛 → 𝑛′
disappearance effect

* Figure Source: S.G. Arutunian et al., 

“Thermal Neutron flux monitors based on a 

vibrating wire”, Nucl. Inst. Meth., 797, (2015)



1) Large mixing-angle n→n’ oscillations can reduce flux by >10%
Cross check of Calculation with D2O – 105 cm, 117 el. sc. Events (λsc = 2.2 cm)

10% level of exclusion of 
large mixing angle !



1) Large mixing-angle n→n’ oscillations can reduce flux by >10%
D2O Comparison at Fixed Δm vs. θ0

• Absorption at small angles is

8 x 10-3 which is close to the direct 

absorption calculation from 𝜆abs for 

ordinary neutrons

• At large mixing angles

θ0 > 0.01 radians, absorption is 

factor of 2 lower due to 𝑛 spending 

~50% of the time in the 𝑛′ state

Explicit absorption at 
large θ0 is half of 
small θ0



2) What Can Be Learned from a H2O Reactor?
McMaster’s LWR – Suggested by Dr. Heilbronn

• Original paper was to 

compare MCNP’s 

calculations to real reactor 

measurements as related 

to fuel burnup and flux.

• Demonstrated that 

MCNP and measurement 

agree within 5.7%, 

although not clear at what 

distance.

Source: E.L. MacConnachie, D. R. Novog, “Measurement, 
simulation and uncertainty quantification of the neutron flux at 
the McMaster Nuclear Reactor”, Annals of Nuclear Energy, 
151, (2021), 107879



3) Attempt for Radial n absorption, n’ production plot

( for fixed Δm and θ0 )

Distance from reactor center (cm) Distance from reactor center (cm)
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4) Update of Material Parameter Table
Parameters of Included Material Layers

?!



5) Better Understanding the Scintillator

• Two types of liquid scintillator

• 36 cm LS (gamma catcher)

+ 6 × 36 cm LS with Gd

– Otherwise almost identical LS composition.

• STEREO result is referred to the first  LS(Gd) slab 

for 𝑛 detection.   Detected ↘

𝑃𝑎𝑓𝑡𝑒𝑟 𝑛 = 𝑃𝑏𝑒𝑓𝑜𝑟𝑒 − 𝑎𝑏𝑠. 𝑠𝑖𝑔𝑛𝑎𝑙 + 𝑃𝑛′→𝑛 − 𝑃𝑛→𝑛′

Absorbed signal is what is detected and will be 

compared to STEREO’s stated 3.1 × 10−11 per 

initial neutron produced in the reactor



6) 8mm B4C Surprises

• For consistency’s sake, a check was 

made at fixed velocity v = 2300 m/s

• It was assumed no elastic scattering 

for 8mm B4C      (𝜆𝑒𝑙 = 1.3 cm)

• m = 2.0E-7 eV, in resonance

• YK and CR had consistent numbers.
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B4C 8 mm, m = 2E-7, single vel = 2300 m/s , with elastic

Presence of possible elastic scattering for neutrons with fixed velocity 
doesn’t change significantly the overall character of absorption
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6) 8mm B4C averaged over velocity spectrum

• Elastic scattering length 𝑥 is 

distributed as 𝑒− Τ𝑥 𝜆𝑒𝑙 (𝜆𝑒𝑙 = 1.3 cm)

• After spectrum averaging the level 

of 𝜌11 is constant at small mixing 

angles 𝜃0! for all ∆𝑚.

• 𝜌11~5 × 10−5 instead of being

exp(− Τ8 𝑚𝑚 𝜆𝑎𝑏𝑠) = 2 × 10−53

𝜆𝑎𝑏𝑠 = 0.066 𝑚𝑚

• If “flat absorption” is an effect, could 

we have seen it in the SNS-2019 

experiment with 32 mm B4C?



6) 32 mm B4C averaged over velocity spectrum

• Elastic scattering length 𝑥 is 

distributed as 𝑒− Τ𝑥 𝜆𝑒𝑙 (𝜆𝑒𝑙 = 1.3 cm)

• with 32 mm B4C the “flat 

absorption” could not have 

been seen.

32 mm B4C , spectrum averaged 

Δ𝑚, 𝑒𝑉



6)  Conclusion 

• All these calculations were made with Z. Berezhiani 
analytic formula. Should be re-checked with density matrix 
evolution calculations.

• We need to study velocity dependence of this effect

• We will also look at Cd absorber for similar effect.
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