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3NINJA ExperimentNINJA Experiment
NNeutrino eutrino IInteraction research with nteraction research with NNuclear emulsion and uclear emulsion and JJ--PARC PARC AAcceleratorccelerator

OPERA T2K

A collaborative project with some member of OPERA and T2KA collaborative project with some member of OPERA and T2K
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A neutrino interaction in emulsion @J-PARC
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1. First observation of new type of neutrino-nucleus interaction 

2. Exclusive and precise measurement of νe cross-sections

SubSub--Multi Multi GeVGeV Neutrino interactionNeutrino interaction

・Major source of uncertainty in νoscillation analysis
・νe anomaly from several experiments (sterile ν ?)

Need to Need to more more understand the neutrinounderstand the neutrino--nucleus interactionnucleus interaction !!

Physics MPhysics Motivationotivation

MiniBooNE

Effect from Sterile Neutrino ?Effect from Sterile Neutrino ?Unknown Unknown ννNN interaction ?interaction ?
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Current issuesCurrent issues for for ννννννννCPVCPV
In current longIn current long--baseline neutrino oscillation experiment, the number of baseline neutrino oscillation experiment, the number of 

neutrino events at far detector is predicted by simulations modineutrino events at far detector is predicted by simulations modified by fied by 

near detector data, not directly subtractingnear detector data, not directly subtracting

because the energy spectrum is different at near and far by oscibecause the energy spectrum is different at near and far by oscillation.llation.

So the understanding of neutrino interaction model is very imporSo the understanding of neutrino interaction model is very important.tant.

Neutrino oscillation (interaction) is not Neutrino oscillation (interaction) is not ““““““““Precise SciencePrecise Science”””””””” yet.yet.

θθθθ23 (νμ disappearance) has a largest error.
This is from inconsistency between data and

model in νμCC interaction. 

Statistics of νe appearance
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Current issuesCurrent issues for for ννννννννCPVCPV
CrossCross--section of CCQEsection of CCQE--like eventslike events

Measured value is much larger thanMeasured value is much larger than the simple model predictionsthe simple model predictions

Contribution from 2 nucleon interaction (2p2h) ?

Recent experiments did not measure 

low momentum nucleons.

� It is not possible to discriminate

single nucleon interaction 

from multi nucleon interactions.

If 2p2h interaction is exist,

Neutrino energy reconstruction of CCQE

like event at far detector is wrong because

the neutrino energy is reconstructed by 

only leptons in water cherenkov detector.

� Main systematic uncertainty.

ν
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Current issuesCurrent issues for for ννννννννCPVCPV

Difficulty in measuring Difficulty in measuring SubSub--Multi Multi GeVGeV ννee crosscross--sectionsection

~ rejection of ~ rejection of ππ00 contaminationcontamination

Existing near detector always suffer from contamination from Existing near detector always suffer from contamination from ππ00..

It is important to It is important to collect clean collect clean ννee events for precise events for precise ννee crosscross--

section measurement.section measurement.

Phys. Rev. D 91, 112010
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Advantage of NINJAAdvantage of NINJA

This is usual for us.This is usual for us. But theseBut these are unique feature for other neutrino detectors.are unique feature for other neutrino detectors.

Actually, I gave talks in Neutrino 2016, Actually, I gave talks in Neutrino 2016, NuFactNuFact 2016, and 2016, and NuIntNuInt 2017 as invited talk.2017 as invited talk.
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NINJA NINJA RoadmapRoadmap

Physics run is planned to start in 2019.Physics run is planned to start in 2019.

Pilot RUN

Detector RUN

Physics RUN ⅠⅠⅠⅠ

Physics RUN ⅡⅡⅡⅡ

Neutrino-nucleus interaction study

Search for sterile neutrino

Detector performance check

Feasibility study at J-PARC

Target mass: 1- 60kg

Target mass: 100- 300kg

Target mass: several tons

J-PARC T60/T66/T68 experiment

Since the end of 2014, we have demonstrated the basic 

performance in test experiments.

New proposal (E71)New proposal (E71)



11νννννννν exposure of NINJAexposure of NINJA
Since the end of 2014, we have demonstrated the basic 

performance in test experiments.
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（（（（T2K Collaboration））））

ννeventevent detectiondetection

Hybrid analysis with T2KHybrid analysis with T2K

Feasibility studyFeasibility study
(A few kg Iron & water)(A few kg Iron & water)

Water target emulsion detectorWater target emulsion detector

60kg Iron target60kg Iron target

emulsion detectoremulsion detector

Water ECC+SFT+INGRIDWater ECC+SFT+INGRID
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SFTSFT

Exposure:Exposure:

Run8a: 2017 Oct.Run8a: 2017 Oct.--Dec.Dec.

Run8b: 2018 Mar.Run8b: 2018 Mar.--MayMay

Detector setup is Water target ECC + SFT + INGRID.

Neutrino Beam exposure was already finished ���� developing now

Water target ECCWater target ECC

ν

Cooling Cooling 

sheltershelter
（<10℃）
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protonproton

ππand μμ

Proton IDProton ID

Track multiplicityTrack multiplicity (CC like) Emission angleEmission angle Transverse momentum Transverse momentum 

Event topology is matched with timing info. Expected 

range for each tracks is consistent with INGRID hits.

ECC INGRID

MuonMuon IDID

Analysis status of NINJAAnalysis status of NINJA



14Analysis status of NINJAAnalysis status of NINJA

4 vertex events (BG:0.1 ev)

Multi track vertex searchMulti track vertex search

νννν- water interactions were detected. SFT- INGRID matching well.

θ

ν HTS

conventional

HTS

Large 

angle

95%

New

Efficiency is kept more than 95% 

|tanθθθθ|

321

Large angle Scanning in HTSLarge angle Scanning in HTS

conventional

σσσσdx～～～～3.9cm σσσσdy～～～～3.9cm

SFTSFT-- ECC matching ECC matching 

succeededsucceeded..
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https://kds.kek.jp/indico/event/26624/

- Validation of the existence of 2p2h reaction

- Cross-section measurement of 2p2h with accuracy of 10%

- Exclusive νμ and νe cross-section measurement

Goal:

Physics Run (E71)Physics Run (E71)
We proposed a new experiment (P71: Physics Run) at last J-PARC PAC

meeting to study neutrino-water interactions with large statistics in 2019.

Submitted on Dec. 15th 2017

Submitted on Dec. 15th 2017



16

Physics Run (E71)Physics Run (E71)
Detector is Water ECCs, SFT and INGRID. 

This configuration is already tested in the past experiment.

NINJA RUN8NINJA RUN8

x 9x 9 •• 50kg Water ECC50kg Water ECC

•• SFTSFT

•• INGRIDINGRID

T2K near detectorT2K near detector
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Physics Run (E71)Physics Run (E71)
Two times exposure in 2019 and 2020(2021?). Totally 1.0x1021 POT.

NINJA

CCQE

2p2h

CC1ππππ

Off-axis angle=1.0 deg. 

> 200 2p2h events 

@ 100kg water target, 

1.0 x 1021 POT

(model dependent)

ν
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Current status of E71Current status of E71
Won stage-1 approval as a Physics Experiment in J-PARC in this March.

( judging the scientific merit and experimental method: P71 � E71)

A hearing for stage-2 (final) approval is set in the middle of July.

MoUMoU between NINJA and T2Kbetween NINJA and T2K

Submitted TDR to JSubmitted TDR to J--PARC PACPARC PAC

Acquired the fund for the projectAcquired the fund for the project

from JSPS from JSPS �������� ~ 500,000 ~ 500,000 €€
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ScheduleSchedule

・ First exposure is assumed to start from Jan. 2019.
・ Production of emulsion films will start from the middle of July.
・ Film refresh and packing will be done at J-PARC.
・ Finally, we plan to install all emulsion detector by the end of year.

Temporary dark room

�������� 3x large SFT3x large SFT

30cm

30cm
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EEmulsion-based MMeasurement of PProduction of HHadron

AAt a TTest beam IIn CChicagoland (FermilabFermilab T1396T1396)

・・The uncertainty of neutrino crossThe uncertainty of neutrino cross--section and neutrino flux issection and neutrino flux is

two large main systematic error for neutrino oscillation analytwo large main systematic error for neutrino oscillation analysis. sis. 

・・Precise measurement of Precise measurement of hadronhadron production will reduce the production will reduce the 

uncertainties for accelerator and atmospheric neutrino flux, uncertainties for accelerator and atmospheric neutrino flux, 

and also improve the accuracy of the absolute neutrino crossand also improve the accuracy of the absolute neutrino cross--

section measurements.section measurements.

EMPHATIC experiment

MotivationMotivation

Feedback to NINJAFeedback to NINJA



21EMPHATIC OverviewOverview
We have an experience of hadron interaction study with lead-target ECC.

･ Uses the FNAL Test Beam Facility (FTBF): 0.2-120 GeV.
･ Emulsion can measure the interacted vertices with high resolution.
･ Ultimate setup
（（（（Total ~108int. for C,Al,Fe target））））

Chiba Univ.Chiba Univ.

FNALFNAL

ICRRICRR

KavliKavli IPMUIPMU

KEKKEK

Kobe Univ.Kobe Univ.

Kyoto Univ.Kyoto Univ.

Nagoya Univ.Nagoya Univ.

TRIUMFTRIUMF

NoNoννννννννAA + T2K + SK + NINJA+ T2K + SK + NINJA
One of important papers in OPERA

for confirming Hadron background



22EMPHATIC Initial beam test in Jan. 2018Initial beam test in Jan. 2018

SSD

Emulsion detector

on simple mover

���� emulsion film development



23EMPHATIC Preparation of dark room for Preparation of dark room for 
emulsion handling and development @emulsion handling and development @FermilabFermilab

���� emulsion film scanning is ongoing＠＠＠＠Nagoya

Position distribution of beam particlesPosition distribution of beam particles

(Two bunches)(Two bunches)

Preli
mina

ry

Now we are planning future exposureNow we are planning future exposure
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SummarySummary
• Neutrino Cross-section and Neutrino Flux are two dominated 
sources of systematic uncertainties in neutrino oscillation 
analysis for νCPV.

•• NINJANINJA＠＠＠＠＠＠＠＠JJ--PARCPARC and EMPHATICEMPHATIC＠＠＠＠＠＠＠＠FNALFNAL will measure 
exclusive neutrino and hadron cross-section very precisely, 
and make ν oscillation physics “Precise Science”. 

• Emulsion plays an important role for neutrino oscillation 
analysis for νCPV.
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Back upBack up
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SFTSFT • Basically same type of SFT

� 3 times larger system

Light yield distribution

We plan to use same type of WAGASCI 

electronics for SFT.

Single type MPPCs are used.

(3mm x 3mm)

2,560 channels for both ends

readout

2.5mm square fibers are use.


