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Motivation

Cross-section Calibration 

● Accurate reconstruction of true neutrino energy is difficult due to uncertainties from 
missing energy due to low energy hadrons and unseen neutrals. 

● Without a well-defined incoming neutrino beam energy, extrapolation to Far Detector 
without good calibration / well-known ν cross-sections is limited. 

● Near Detector cross-section and flux measurements would benefit from some 
restriction of the wide-band neutrino beam to a more well-defined neutrino energy. 



Concept

● Horn currents and configurations can be varied, with caveat all powered horns need 
operate on the same current value as horns are connected in series.

● Consider 5 options in configuration: A only, A+B, A+C, B+C, and A+B+C

● Tune-ability of numu flux over range of current and configuration settings is shown in 
the following slides



NuMu Fluxes On-Axis
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Off-Axis Fluxes



NuMu Fluxes 6m



NuMu Fluxes 12m
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NuMu Fluxes 30m



NuMu Fluxes 36m





Linear Combination Fit

A linear combination of these ND neutrino fluxes can be superposed to fit a number of 
functions. 

● Fits to FD oscillated flux 

● Fits to several gaussian flux bites



Linear Combination Fit

XMYYYZ
● 0-6 - Distance Off-Axis (x 6 metres)

N / A - NuMode / AntiNuMode
YYY = current
Z = Horn Config
1 - A 
2 - A+B
3 - A+C
4 - A+B+C
5 - B+C

7 param fit

Range – 0.75 – 7.75GeV
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DUNE PRISM vs Horn Configs
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Gaussian Fits



Concluding Remarks

● Current program used for fitting may be somewhat rudimentary compared to full DUNE 
PRISM analysis. Can aim to echo DUNE PRISM’s fitting to improve quality of fit 

● DUNE PRISM appears to provide a better fit quality ( how much of this is due to fit 
program uncertain..), but this avenue may be complementary to DUNE PRISM and 
provide better coverage of some spectral regions – eg:
- possible improvement to gaussian fits around 2 GeV,
- off-axis + horn current could enable better fitting of lower end of spectrum (currently    
  excluded from DUNE PRISM fit below 2nd Osc. Maximum ~0.7GeV ),

● More direct coordination with DUNE PRISM / ND plans may provide better focus for 
further investigation. Currently have a LOT of potential parameters for fitting.. 

● Modelling response function could help find a good/optimal fit analytically



Bonus Slides
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Horn Configs – 8 params DUNE PRISM
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10 Parameter FitXMYYYZ
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DUNE PRISM Fit
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