
Input Toy Fit center Fit error
Bin#1 x 1.0 1.000 ±0.14
Bin#2 x 1.1 1.100 +0.047/-0.044
Bin#3 x 1.2 1.200 ±0.13
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• 各エネルギー領域でスペクトルを積分して期待イベント数を出す

• INGRID MC でニュートリノセレクションをして残ったニュート
リノのエネルギースペクトルを使用。

• INGRID MC :  jnubeam 10d tuned-v2, νµ

• まずは、module0~3のみでやってみる。
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 Measurement of CC inclusive cross-section on Iron 
in a few GeV neutrino beam at the T2K

Akira Murakami for the T2K collaboration

In T2K, INGRID is on-axis neutrino beam monitor which composes with 14 identical neutrino detecting modules. The method of the cross-section measurement by 
INGRID is to take advantage of the difference of flux at each modules. The energy spectrum of the neutrino flux at each modules is expected to be different only in 
the 1 GeV to 3GeV range from the simulation. By the toy MC with statistical error, the uncertainty of the cross-section in this region is found to become about 4%.

Abstract

CC inclusive interaction cross sections

Discrepancy between models in 1~3 
GeV region in the CC inclusive 

interaction cross section.
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T2K (Tokai to Kamioka)  experiment

� High intensity �� beam from J-PARC MR to Super-Kamiokande @ 
295km

� Discovery of �e appearance � Determine �13
� Last unknown mixing angle
� Open possibility to explore CPV in lepton sector

� Precise meas. of �� disappearance � �23, �m23
2

� Really maximum mixing? Any symmetry? Anytihng unexpected?

132312sin ssse 


	� ��� � prob.  in term odd CP sin�12~0.5, sin�23~0.7, 
sin���<0.2)

Feature
- First application of off-axis ν beam
- Highest intensity proton beam (30GeV, 750kW)

Physic Goal
- Discovery of νe appearance
- Precise measurement of νµ disappearance
- Study of many neutrino cross-section measuements

ν Beam Monitor : INGRID

νµ Energy (after ν selection) @INGRID
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Figure 1.1: A typical neutrino event. A neutrino enters from the left and
interacts within the module, producing charged particles whose tracks are shown
as the red circles. Each of the green cells in this figure is a scintillator, and the
size of the red circles indicates the size of the observed signal in that cell.
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Figure 1.2: INGRID coordinates and the definition of the module ID
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Select 1 µ-like track in FV
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Figure 3.19: Neutrino event selection efficiency of the muon neutrino
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Figure 3.20: Neutrino event selection efficiency of the anti muon neutrino
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• T2K ν flux can be estimated more precisely than ν cross-
section with the benefit of external hadron experiments 
(NA61,etc)

• ν energy distribution at INGRID is expected to be 
different at different modules.

• Because each modules is set at  different off-axis angle.

• Flux at each module is almost same for Enu<1GeV and 
Enu>4GeV, but different at 1<Enu<4GeV 
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Beam center
1.5m

A part of horizontal 
modules

Measure the flux-integrated CC inclusive 
neutrino x-section at 1~3GeV by using the flux 
difference among modules.
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Reconstruct DATA with varied MC

→ Get norm. parameter of bin#2(f2) 
→ Flux-Integrated cross-section in bin#2
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module (MC)

0~1
GeV

1~3
GeV

3~ 
GeV

ν cross-section in Iron Calculation

fi = parameters of normalization (1+fi>0)
fdet = nuisance parameter of common detector systematic error
σdet = common detector systematic error (~3.7%)
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Fitting Demonstration by using toy MC

DATA
Bin#1, Bin#2, Bin#3

Fitting OK → Consider other syst. error for fitting

T2K experiment, INGRID

Motivation of CC inclusive cross-section measurement at INGRID

Method of Cross-section Measurement by INGRID

MC:NEUT5.0.6+GEANT4


