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第3章 ニュートリノ反応

本章では、T2K実験における系統誤差の最大の要因である反応断面積の不定性について考える
ため、ニュートリノ反応およびその詳細な測定を目指した実験について述べる。

3.1 ニュートリノと原子核の反応
ニュートリノと原子核の反応は大きく分けて荷電カレント (Charged Current)反応と中性カレ
ント (Neutral Current)反応が存在する。主なニュートリノ反応のダイアグラムを図 3.1に示す。

図 3.1: ニュートリノ反応のダイアグラム。nは原子核内の核子であり、結合エネル
ギーやフェルミ運動量の影響を受けている。T2Kでは主に CCQE反応をシ
グナルとして用いている

T2K実験では、もとのニュートリノのエネルギーを再構成することのできる CCQE (Charged

Current Quasi Elastic)反応を主にシグナルとして用いている。CCQE反応は、生成された荷電
レプトンの散乱角 θlおよびエネルギーElを測定することにより、式 3.1のように 2体問題として
ニュートリノのエネルギーを再構成することができる。

Eν =
mNEl −m2

l /2

mN − El + plcos θl
(3.1)

Signal

simple 2-body 
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KamLAND

Kamioka Tokai

Flux peak : 0.6 GeV

Largest systematic error :  
neutrino-nucleus (νN) interaction

SK : Super-Kamiokande 
ND : Near Detectors 
KL : KamLAND

Improper nuclear effect leads miss Eν recon. 
‣ Categorized as CCQE if we loss π 
(absorbed in nucleus, etc)

‣ Measure  (CP violation phase)  

‣ Indication of CP violation by 2σ 

δCP

Residual nuclei (delayed)
Radioactive decay 
Difficult to measure at SK and ND 
KL can measure them 

νl l-

n p

…

hadrons

n d
γ

n capture

200 µsec

2.2 MeV

p

p

nucleus

Charged lepton (prompt)
Tracking (difficult for proton) 
ND achieved high performance

Neutron (delayed)
2.2 MeV gamma 
Low eff. at SK and ND (~20%) 
KL achieved high eff. (~100%)Nuclear effect

Large uncertainty

‣ No precise measurement 
‣ Contains info. of nuclear 
effect 

‣ Targets of this study
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‣ Data analysis and MC simulation study were performed 
- Measured osc. parameters & indication of improper ν-N model 
- Newly find unexpected excess in low energy region

2 targets we have  
‣ (1) ν-N model constraint 
‣ (2) Understand excess in low E region

 Δm2
32 = 2.55+1.60

−0.75 × 10−3eV2

sin2 θ23 = 0.36+0.41
−0.13

Measured osc. parameters
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MiniBooNE νe CCQE-like events

Unexpected excess
ν osc. anomaly?  
Unknown interaction?

‣ MiniBooNE observed excess in low energy region 
- BG underestimation?  Unknown interaction? 
Sterile ν?

Needs consistency check !
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(1) ν-N model constraint 
‣ Further analysis on neutron detection (efficiency estimation, selection optimization, etc) 
‣ Residual nuclei decay tag. 
‣ Develop new fitter to reconstruct charge lepton (start and end points of the track, PID) 
‣ Fit data with several model parameters and find best-fit value

(2) Understand excess in low E region 
‣ Energy scale check (Both of MC and data) 
‣ Get detail info. of these events 
- e-like? µ-like ? inner ? outer ? 
‣ Compare with MiniBooNE excess in low E region  
- Consistency check. 

2020
Oct.

2022
Oct.Apr. Apr.

Energy scale check
D1 D3

Publish first results

Oct.
2021

Apr.

Residual nuclei

D2

Model constraint
Develop new fitter 

Discussion on the excess
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‣ Supervisor : Kevin S. McFarland (University of Rochester) 
- T2K collaborator as a neutrino interaction expert 

‣ Purpose : Study on NCEL (Neutral Current Elastic scattering) model 
- Understand the model and that uncertainty there are in NCEL using NEUT 
- Lean how to use NEUT more detail 

- Discuss current constraint on the model and what kind of parameter we need 
to improve 

- Constrain with some measurements? 
- Detail contents are under discussion 

‣ With video meetings and e-mail staying in Sendai. 
‣ I will submit an application document soon. 
‣ I’m planning to start in this month.

NEUT ; ν interaction simulator


