
Systematic error in the likelihood
Slide credit: Kyle Beyer

Comment (DP): can instead rescale model by 1/𝒩



Example from rxmc

Go and explore Kyle Beyer’s notebook! Implemented within rxmc, 
part of BAND framework v0.5

https://github.com/beykyle/rxmc/blob/main/examples/systematic_err_demo.ipynb
https://github.com/beykyle/rxmc


Throw a BRICK at it  🧱
Publicly available Python code

Available on PyPI

BAND Framework v0.5 

AZURE2 must be installed

User specifies R-matrix model 
& data set in AZURE2

Specify priors & likelihood
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Odell, Brune, DP, deBoer, Paneru, Frontiers in Physics (2022)

https://github.com/odell/brick
http://bandframework.github.io


Modeling of normalization uncertainties
Analysis includes common-mode 
errors for all data sets, implemented 
by factor fα to avoid d’Agostini bias

For SONIK data set this 
normalization factor is assigned for 
each beam energy

Almost all normalizations come out 
inside quoted CMEs, all are within 
2*CME, apart from LUNA in CSB 
analysis

“Dialogue with the data”

CS: Capture + SONIK elastic 
scattering data

CSB: Capture + SONIK + (older) 
Barnard elastic data set
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More sophisticated normalization modeling

After this slide I’ll only show results from that 2022 Frontiers paper’s 
analysis of data, but first I want to mention something more sophisticated 
that was done to model the SONIK systematics

Consider not just beam normalization uncertainty, but also uncertainty 
due to acceptance (aperture variation) of each of 27 detectors

Paneru, Brune, Connelly, Odell, …, DP, et al., PRC (2024)

yexp = fSONIK fE fdetyR + δyexp

c̃i,j = fE fdet

Green: R-matrix
Blue: EFT



Beam energy shift

Shift energy of Barnard data set by a constant to account for possible 
miscalibration of beam energy: . Prior a Gaussian with 
standard deviation 40 keV←information in paper

No significant change in  due to this though

E → E + Δ

⃗θBarnard

χ2 = [
σexp − σR(θ, E + Δ)
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What about S-factor at solar energies?
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Odell, Brune, DP, deBoer, Paneru, Frontiers in Physics (2022)

Note:  of fit is good; apparent deviations due to 
fact that data normalization not applied in this figure

χ2/dof


