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Create new uncorrelated variables by eigen decomposition 
and reduce them by taking out important vectors
Vectors are chosen by its contribution on neutrino flux

Neutrino flux intensity at each detector and energy bin are 
used as fitting parameters → Number of them and size of 
correlation matrix significantly increase to use all detectors

• New method to handle ν flux correlations with reduced number 
of parameters is necessary for HK experiment

• Reparameterization of flux systematics and reduction of 
parameters to describe hadron interactions

• Plan: Development for the other flux parameters and 
implementation of IWCD flux systematics

Flux uncertainty from NA61 Replica is reproduced using 
only 11 parameters chosen from 2609

Use original systematic uncertainty parameters as new fitting 
parameters and its response on neutrino flux

Long baseline accelerator neutrino oscillation experiment

Correlation matrix 
of NA61/SHINE 
experiment

The size is 
2609 * 2609

Reduce parameters of unconstrained interactions

2. Constraint on oscillation parameters
No difference are seen → It can reproduce past results

Main source is meson re-scattering outside the target

These effects are not linear (210 linear + 210 non-lin params)

Phys. Rev. D 87, 012001
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Off-Axis method
Eur. Phys. J. Spec. Top. 230, 4469–4481 (2021)
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Cannot detect 𝝅 in CC1𝝅?
→Reconstructed as CCQE

Flux shape varies as off-axis angle 
changes by vertically relocating 
the detector
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Work in progress

𝝂-mode, 𝝂𝝁 𝝂-mode, ത𝝂𝝁 𝝂-mode, 𝝂𝒆 𝝂-mode, ത𝝂𝒆

ത𝝂-mode, ത𝝂𝝁ത𝝂-mode, 𝝂𝝁 ത𝝂-mode, ത𝝂𝒆ത𝝂-mode, 𝝂𝒆

T2K work in progress

All params
11 params

Ratio against original uncertainty
Difference is small enough than 
accuracy of T2K Syst. Err. (~10％)

Uncertainty of flux+Xsec 
constrained by ND280

T2K work in progress

2D contour plots of 𝚫𝝌𝟐 distribution between a flux parameter and a X-sec parameter (proton axial mass)
Not a new fit of ND data, but a recasting of the fit result

Constrained by ND
with negative correlation

Little constraint

T2K work in progress

It allows analysis of ND constraint on original flux systematics 

1. ND280 analysis with new flux parameters

Δχ2 distributions of oscillation parameters. Assumed HK stat but no change in ND stat.

Measurements with various flux conditions enables 
model-independent understanding of X-sec
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e.g.) Fit parameter: Flux intensity → Horn current
Correlation: Flux of ND and FD → Beam position and angle
• Avoid changing number of flux parameters,
• Understand ND constraint on underlying flux parameters,
• Flux as continuous (not discrete!) function of off-axis angle
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T2K work in progress

Non-linear error is reproduced with 5 parameters (210→5)
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T2K work in progress

Total error is reproduced by adding 44 linear params (420→49)
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Flux Tuning

Experiment 
Design

Hadron 
Data

MC samples (in target)

MC samples (all scattering)

Neutrino Flux

NA61/SHINE experiment
- Replica target
   → 2609 params
 - Thin target
   → ~3000 params
Other experimental data
→ No need to reduce
Unconstrained interaction
→ 420 params

Geometry, beam profile, …
    No need to reduce parameters

Phase space of NA61 replica target measurement
Values of 2609 data points will be new parameter
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	スライド 1: Efficient Modeling of Flux Correlations Between Multiple Detector Locations in an Accelerator Neutrino Beam

