
Summary and Plans

On-going works

Flux uncertainty of ND280

Compare contribution of each eigen vector

How to reduce parameters

Sources of neutrino flux uncertainty

Oscillation analysis with multiple detectors

T2K Experiment

New method to evaluate flux correlations between multiple 
detection points for accelerator neutrino oscillation experiments
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𝝂𝝁 → 𝝂𝒆
𝝂𝝁 → 𝝂𝒆

CP violation in neutrino?
Want to reach 3σ
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Eigen values of 
correlation matrix vary 
in range of 3-4 digits
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2 types of error definition
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Adding vectors to use along the ordering of χ2

and determine how many to use in the analysis
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Shape Error
Normalize to nominal
(Normalization by ND)
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https://www-he.scphys.kyoto-u.ac.jp
/nufrontier/files/hayato-20140111.pdf

Create new uncorrelated variables by eigen decomposition 
and take out important vectors
How to evaluate contribution to flux?

Energy spectra of neutrino flux and their correlation are used 
for current analysis, but we need a new method with reduced 
parameters to use all detectors for oscillation analysis

Current Analysis
ND280 & SK

Future Analysis

We need to reduce the number of parameters of analysis

Worked on reproducing flux uncertainty using only a part 
of elements of hadron production, and showed the 
possibility to reduce parameters 2609→~10

As a plan, will work on development of new analysis 
which use new fit parameters

Converges with a few vectors
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Error reproduced using
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Converges slower than abs error
Error difference is O(0.1%) of Flux: small enough?
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Converges with a few vectors
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5 Eigen vectors

Converges slower than abs error
Error difference is O(0.1%) of 𝚽× 𝑬𝝂: small enough?
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Uncertainty of flux Uncertainty of 𝚽× 𝑬𝝂

Using systematic parameters and errors for analysis instead 
of flux will reduce fit parameters for the analysis
Systematic parameters are also sources of flux uncertainty

Hadron production is one of principal error 
sources and most complicated elements in 
the simulation because we use the results of 
experiment measured hadron production
There are 2609 correlated parameters but 
there are significant difference in 
contribution to flux among each element

Long baseline accelerator neutrino oscillation experiment

Shape of neutrino energy spectrum varies with off-axis angle

ND280 Flux ND280 𝚽×𝑬𝝂 SK Flux SK 𝚽×𝝈 × 𝛆 SK 𝚽×𝝈 × 𝛆 × Posc

Eig val abs shape abs shape abs shape abs shape abs shape

0 0 1 0 6 0 1 0 6 0 6

1 1 6 1 1 1 6 1 1 1 1

2 2 2 6 4 2 10 2 4 6 2

3 4 4 2 2 6 2 6 0 2 4

4 6 10 4 0 4 4 4 2 4 0

5 5 0 5 3 5 0 5 5 5 5

6 3 5 3 5 10 5 9 3 9 3

7 10 3 9 10 3 3 3 9 3 2066

8 9 12 18 12 9 12 18 12 18 7

9 18 9 10 9 18 9 38 2066 12 2350

Vec #0: Reconstruction bias
Vec #1: Hadron loss
Vec #3: Backward extrapolation
Vec #6: Particle identification+??

Error reproduced using
100 Eigen vectors

Uncertainty at Super-K
Considering cross-section, 
detector efficiency, and 
oscillation probability
Normalized to nominal but 
should consider to normalize 
by ND280 events

Important vectors 
are common to all 
pattern
What is physical 
mean of each 
eigen vector?

Some of eigen vectors 
correspond to systematic 
uncertainties of NA61/SHINE

Number of systematic error sources of NA61/SHINE is ~10
→Using ~10 eigen vectors is enough?


