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T2K experiment
Far detectorin Kamioka Accelerator complex and near detectors in Tokai
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Beam-line and near detectors

Neutrino Mode Flux at INGRID

On-axis beam: wide, mean energy ~1.5 GeV 2.5° off-axis beam: narrow, mean energy ~0.6 GeV

Flux at Super-K
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T2K data-taking summary

*

* POT – Protons On Target
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Motivation
● Good neutrino interaction model is essential to decrease systematic errors 

in oscillation analysis, because of differences between near and far 
detectors:
– angular acceptance

– target material

– neutrino energy spectra

⇒ Need of measurements of diverse type of interaction on different target 
materials at various range of neutrino energies and flavours
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T2K systematics

from M.Friend, KEK Physics Seminar, Jan 10, 2019

from ~15% to ~5%
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Inclusive ν
μ
 CC

on water, CH and iron
cross sections and their ratios

at on-axis T2K beam

https://arxiv.org/abs/1904.09611

https://arxiv.org/abs/1904.09611
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On-axis neutrino beam

Mean energy: 1.5 GeVν beam mode data used:- 5.89x1020 POT for Proton Module  collected from Nov 2010 till May 2013- 7.25x1020 POT for Water Module  collected from Oct 2016 till Apr 2017
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Detectors

Non-magnetised detectors (momentum 
measurement possible only for stopping 
particles):

● INGRID (2.1 tons) – iron (96%), CH
● Proton module (0.16 tons) – CH (98%)
● Water Module/Wagasci (0.10 tons) – 

water(80%), CH (20%)

INGRID Module/Proton Module Water Module
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Event reconstruction

● Phase space 
restrictions for 
muon 
kinematics:
– pμ > 400 MeV/c

– θμ < 45°
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Results

● The most precise measurement of neutrino cross section on water for 
this energy region (on-axis neutrino beam, with 1.5 GeV mean energy)

● The first measurement of neutrino cross-section ratios of water/CH and 
water/iron

● The results agree with the model used in the T2K oscillation analysis

MC nominal model is NEUT v5.3.3 – for model details see backup slides
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Results

NEUT v5.3.3 prediction – for model details see backup slides

T2K measurements
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ν
μ
 CC0π0p with limited acceptance

on water and CH
cross sections and their ratio

at 1.5° off-axis T2K beam



3-8 June 2019, WIN 2019 M.Batkiewicz-Kwaśniak, T2K cross-section results 15

1.5° off-axis neutrino beam

Mean energy: 0.86 GeV7.91x10^20 POT in ν beam modecollected from Dec 2017 till May 2018

All charged current interactions in Wagasci fiducial volume

T2K preliminary
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Detectors
Interaction vertices in:

● Proton module – CH (98%)
● Water Module/Wagasci – water(80%),

CH (20%)
● INGRID used only for muon tracking

● Detector not magnetised ⇒ no distinction
between neutrinos and anti-neutrinos

● Significant νμ background in νμ beam mode
(less pure beam, higher cross section for neutrinos)

⇒ Measurement for νμ, as well as for νμ+νμ (higher purity, smaller errors)

● Phase space restriction and thresholds
– muon: pμ > 400 MeV/c, θμ < 30°

– no proton: pp > 600 MeV/c, θp < 70°

– no pion: pπ > 200 MeV/c, θπ < 70°
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Cross sections on water
T2K measurement vs prediction from NEUT 
v5.3.3 (for model details see backup  slides)

T2K preliminaryν, water T2K preliminaryν+ν, water
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Cross sections on CH
T2K measurement vs prediction from NEUT 
v5.3.3 (for model details see backup  slides)

T2K preliminaryν, CH T2K preliminaryν+ν, CH



3-8 June 2019, WIN 2019 M.Batkiewicz-Kwaśniak, T2K cross-section results 19

Cross-sections ratio 
water/CH

T2K measurement vs prediction from NEUT 
v5.3.3 (for model details see backup  slides)

T2K preliminaryν, water/CH T2K preliminaryν+ν, water/CH
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Results
● All integrated cross sections are consistent within 1σ level 

with NEUT v5.3.3 prediction:

Absolute χ2 for ν measurement Absolute χ2 for ν+ν measurement
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ν
μ
 CC0π

double differential cross sections
on oxygen and carbon and their ratio

at 2.5° off-axis T2K beam
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2.5° off-axis beam
FGD1 and FGD2 sub-detectors

● FGD1: plastic scintillator
● FGD2: plastic scintillator sandwiched 

with water layers

Mean energy: 0.6 GeV
5.734x1020 POT in ν beam modecollected from Nov 2010 till May 2013
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Double differential
cross section on oxygenT2K preliminary
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Double differential
cross section on carbonT2K preliminary
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Double differential
cross-section ratio O/CT2K preliminary
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1D integrated cross sections

For the first time FGD1 and FGD2 samples 
treated together to extract cross section on 
oxygen.

Agreement within uncertainties for cross 
section on carbon
Some discrepancies in high-angle region for 
oxygen.

Comparisons with other models coming soon!

T2K preliminary



3-8 June 2019, WIN 2019 M.Batkiewicz-Kwaśniak, T2K cross-section results 27

χ2 goodness of fit

Goodness of fit for 58 bins (29 for carbon and 29 for oxygen):
● NEUT v5.3.2 (CCQE – Spectral Function, 2p2h – Nieves, MAQE=1.21) 

generator slightly better than GENIE v2.8
● However, both reproduce the data
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Other T2K cross-section
measurements

Previous measurements presented here:
● NOW 2018 - http://www.ba.infn.it/~now/now2018/program.html

– M.Buizza, T2K ν-nucleus cross-section results

● NuInt 2018 - https://indico.cern.ch/event/703880/
– C.Riccio, νμ and νμ CC0π cross-section measurements at T2K

– D.Cherdack, νμ CC1π+ in the P0D sub-detector of ND280

– B.Quilain, νμ CC1π cross section on carbon and water using T2K on-axis detectors

– D.Fukuda, ν-oxygen NC scattering measurement in the T2K far detector

Some upcoming measurements:
● CC inclusive: νμ, on Ar

● CC0π on C,C,Pb off-axis, C on/off axis
● Vertex activity for CC0π1p
● νμ CC1π+, CC1π0 and NC1π0 on H2O and C

● NC1γ

+ many others

http://www.ba.infn.it/~now/now2018/program.html
https://indico.cern.ch/event/703880/
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Summary

● Good understanding of neutrino interaction mechanisms and 
reliable interaction model are essential in oscillation analysis

● T2K studies done for various channels of neutrino interactions 
on different material targets, neutrino energies and types

● Combine measurement of cross sections at different angles 
w.r.t. neutrino beam (different energy spectra on one beam)

● Ongoing works to make measurements less model-dependent, 
increase angular acceptance and lower particle reconstruction 
threshold

● Future T2K upgrade will allow us to produce even better results
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Backup slides
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On axis measurement
of inclusive ν

μ
 CC cross sections

on water, CH and iron
NEUT v5.3.3 - MC model details
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1.5° off-axis measurement
of ν

μ
 CC0π0p on water and CH

NEUT v5.3.3 - MC model details


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

