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Nuclear EmulsionNuclear Emulsion

Development treatment

Silver grainsSilver grains

(size : several (size : several 

10 nm ~ 1 10 nm ~ 1 µµm)m)

Charged Particle Silver halide crystal 

(AgBr)

Polymer (C, (N,O))

Spatial resolution 

- silver halide crystal size 

- number density of  silver halide crystal

Sensitivity 

- Chemical treatment 

- Crystal defect and doping    etc. 

AgBr・I crystal

Gelatin + crystal

11μμμμμμμμmm
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1896 (A.H.Becquerel )
Discovery of Radioactivity

1947 (C.Powell et al.)

Discovery of π

1971 (K.Niu et al.)
Discovery of charm particle 

in cosmic-ray

2001 (K.Niwa et al.)
Direct observation of ντ

2015 (OPERA)
Discovery of ντ appearance

Nuclear EmulsionNuclear Emulsion

50 μm

Microscopic image

Recorded as silver grains 

along the particle passing through line.

Sub micron resolution 3D tracker

Compton

electronResolution of 0.3 μm 

FermilabFermilab E531E531

19781978--19831983

CHORUSCHORUS
19901990--20002000 DONUTDONUT

19941994--20052005

OPERAOPERA
20012001--20182018

NINJANINJA
20152015--

Neutrino experiment with Nuclear EmulsionNeutrino experiment with Nuclear Emulsion
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EEmulsion mulsion CCloud loud CChamberhamber (ECCECC)

Sandwich structure of emulsion films and target material.

τ
Flight Length：280um

ννννττττ

a DONuT ννννττττ event

1mm

EmulsionEmulsion

DONuT : Iron  1mm

OPERA : Lead 1mm

NINJA   : Iron 0.5mm, Water 2mm

Emulsion film

44-70μm emulsion gel were coated 

on both sides of the ~200μm-thick

plastic base.

plastic baseplastic base

5

Plastic Base (205 microns)

Emulsion Layer

Emulsion Layer (44 microns)

basic detector: AgBr crystal,

size = 0.2 micron

detection eff.= 0.16/crystal

1013 “detectors” per film
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Automatic track recognitionAutomatic track recognition
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Hyper Track Selector

Image processing:

72 GPUs

Lenz:

FOV 25mm2

Camera: 

2MP 72 sensors

Emulsion film 

25x38 cm2 or  25x25cm2

1～～～～1.5  hours

7

Scanning speed (cmScanning speed (cm22/hour)/hour)
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Penetrated tracks

all tracks

PL41

PL01

νννν

Iron 

2.0cm

Reconstructed track dataReconstructed track data
NINJA: Feasibility study: 2kg Iron target ECC

・
・
・
・
・
・



9NINJA: Feasibility study: 2kg Iron target ECC

νint. in emulsion

Iron 2.0cm

ν

ν

12.3cm



10NINJA: Feasibility study: 2kg Iron target ECC

νint. in emulsion

Iron 2.0cm

ν

ν

12.3cm

100μμμμm

Microscopic image
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Emulsion film production in the labEmulsion film production in the lab

@Nagoya Univ.

Nuclear emulsion films were made by ourselves

Gelatin + crystal

Preparing liquidPreparing liquid

Gel productionGel production

Gel meltingGel melting

PouringPouring

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

A collaborative project with some member of OPERA and T2KA collaborative project with some member of OPERA and T2K

1010μμμμμμμμｍｍｍｍｍｍｍｍ

A neutrino interaction in emulsion @J-PARC
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NINJA ExperimentNINJA Experiment
NNeutrino eutrino IInteraction research with nteraction research with NNuclear emulsion and uclear emulsion and JJ--PARC PARC AAcceleratorccelerator

A collaborative project with some member of OPERA and T2KA collaborative project with some member of OPERA and T2K

1010μμμμμμμμｍｍｍｍｍｍｍｍ

A neutrino interaction in emulsion @J-PARC

T2KT2KOPERAOPERA
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1. To measure hadronic final state with low energy threshold

2. Exclusive measurement of νμ,νe - water 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

Effect from Sterile Neutrino ?Effect from Sterile Neutrino ?2p2h interaction ?2p2h interaction ?

n

p

p

l-

p MiniBooNE
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Nuclear Emulsion DetectorNuclear Emulsion Detector

150 μm

Good Good //ππ00 separationseparation

ScalabilityScalability

44ππ detectiondetection

3D reconstruction3D reconstruction
Reconstruction of track data

Analysis on an event by event basis

Low BG from ννννµµµµ NC ππππ
0 production

Momentum, Momentum, dE/dxdE/dx measurement measurement 

OPERA Detector

(1.25 kton)
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NINJA NINJA RoadmapRoadmap

The aim of T60/T66/T68 is a feasibility study and detector performance check.

In this time, we propose the physics run to study neutrino-nucleus interactions.

Pilot RUN

Detector RUN

Physics RUN 

Physics RUN 

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: 1- 3ton

Target mass: 6-10ton

J-PARC T60/T66/T68 experiment

In 2014, plan was proposed and the collaboration started to be established.

New proposal (E71)New proposal (E71)
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νννννννν 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+INGRID

PTEP2017,063C02

PTEP2017,063H02



20

Conceptual design of the detectorConceptual design of the detector

• Emulsion Cloud Chamber (ECC) is a sandwich structure 
of emulsion films and materials.

• ECC is placed in front of T2K near detector, INGRID. 

• Precise Tracker is placed between ECC and INGRID to 
give a timing information to emulsion tracks.

• Muon ID is possible by combined analysis with INGRID.

Precise Tracker Precise Tracker �� 2 options (Emulsion Shifter/ Scintillating Fiber Tracker)2 options (Emulsion Shifter/ Scintillating Fiber Tracker)
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Emulsion-INGRID hybrid analysis with Shifter

Emulsion films are set on moving stages controlled by stepping motor.

Time stamp is given by coincidence of tracks on each stage.

� Position difference from reference point = Timing information

EmulsionEmulsion--SFTSFT

SFTSFT--INGRIDINGRID

Emulsion-INGRID hybrid analysis with SFT

Time resolutionTime resolution

NINJA Pilot RunNINJA Pilot Run

NINJA Detector RunNINJA Detector Run

Zigzag style
1mm
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Momentum measurementMomentum measurement
ｐβ measurement by the MCS method

Multiple Coulomb ScatteringMultiple Coulomb Scattering

�� momentum measurementmomentum measurement

p (GeV/c)

1.5GeV/c 1.5GeV/c ππ
0.8GeV/c 0.8GeV/c ππ

M
e
a
s
u
re
m
e
n
t 
a
c
c
u
ra
c
y

Number of plates using momentum measurement

2
3
p
la
te
s

50%

Effect from track stopping

MC study by GEANT4
With 0.5mm Fe

• More measured plates, 

better measurement accuracy.

• lower momentums have better accuracy 

because of their large scattering.

• measurement accuracy gets worse 

just before particles stop.

With 1mm Pb

0.8GeV/c pion : P =0.79(GeV/c), dP/P =11%

1.5GeV/c pion : P =1.53(GeV/c), dP/P =16%

DATA
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Proton identificationProton identification
dE/dx measurement by track blackness

NINJANINJA

Current Current 

T2K NDT2K ND

Proton momentum threshold
B
la
c
k
n
e
s
s
 o
f 
T
ra
c
k
 =
 d
E
/d
X

Momentum p (GeV/c)

Low energy proton

���� Range measurement 

���� Kinematical energy

NINJA Detector RUNNINJA Detector RUN

protonproton

ππand μμ

20MeV

(~200MeV/c)

(GeV)

80MeV

(~400MeV/c)
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Status of event analysis in Status of event analysis in 
Detector RUNDetector RUN

• Iron interactions

(VPH>100)
(VPH<100)

(μm)

Impact Parameter in Impact Parameter in vertexingvertexing eventsevents

Track multiplicity of CC eventTrack multiplicity of CC event

yν
p

p

p

p
μcand

Observed back-to-back proton event

210 10MeV/c

>340MeV/c

>350MeV/c

Multi-proton event analysis

Anti neutrino mode
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Water target emulsion chamberWater target emulsion chamber
We installed a water target emulsion chamber. 

Emulsion films (vacuum packed)

Frame type

plastic spacer
( 2mm thickness)

Pouring water
Sandwich structure of Emulsion 

films and Frame type spacers 
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Water target emulsion chamberWater target emulsion chamber
We installed a water target emulsion chamber. 

Emulsion films (vacuum packed)

Frame type

plastic spacer
( 2mm thickness)

Pouring water
Sandwich structure of Emulsion 

films and Frame type spacers 

Minimum distance( )=2.4um, depth=620um

proton（tan x, tan y）=（-0.589, -0.074）

M.I.P（tan x, tan y）=（-0.040, 0.845）

First detection of First detection of νννννννν-- Water interaction Water interaction 
withwith Emulsion DetectorEmulsion Detector

proton

Range~2cm

Interacted in Water region



27

Only water interactionsOnly water interactions

Status of event analysis in Status of event analysis in 
Detector RUNDetector RUN

• Water interactions

Charged track multiplicity (Charged track multiplicity (μμ,p,p,,ππ) of CC event) of CC event

HiramotoHiramoto’’’’’’’’ss posterposter

Anti neutrino mode

ECCECC--SFTSFT--INGRID matchingINGRID matching

Iron & water interactionsIron & water interactions
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- Measurement of hadronic final state with low energy threshold

- Detailed analysis of 2p2h-like neutrino interactions

���� flux-integrated cross-section for events with two proton

���� ratio of the two-proton to single-proton CC0ππππ events

- Exclusive ννννμμμμ and ννννe cross-section measurement with high stat.

Physics Run (JPhysics Run (J--PARC E71)PARC E71)
We proposed a new experiment (Physics Run)  to study 

neutrino-water interactions with large statistics in 2019.

CCQE

2p2h

CC1ππππ

1.0 off-axis
@1x1021pot,200kg

Submitted on Dec. 15th 2017

Submitted on Dec. 15th 2017
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Status of E71Status of E71
•• Dec. 2017: Proposal was submitted.Dec. 2017: Proposal was submitted.

•• Jan. 2018: Requested stageJan. 2018: Requested stage--1 status at J1 status at J--PARC PAC meeting.PARC PAC meeting.

•• Apr. 2018: Won the fund for the project from JSPS (Apr. 2018: Won the fund for the project from JSPS (KibanKiban--A).A).

•• May 2018: Updated May 2018: Updated MoUMoU between NINJAbetween NINJA--T2K.T2K.

•• May 2018: TDR was submitted.May 2018: TDR was submitted.

•• Jun. 2018: Explained technical details at JJun. 2018: Explained technical details at J--PARC FIFC meetingPARC FIFC meeting

•• Jul. 2018:  Won stageJul. 2018:  Won stage--1 status1 status

•• Jul. 2018:  Requested stageJul. 2018:  Requested stage--2 status at J2 status at J--PARC PAC meeting.PARC PAC meeting.

We requested neutrino modeneutrino mode exposure with total 1021 pot

for two times exposure.

1st exposure (E71a) was requested to be done in 2019.
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Plan: Detector setupPlan: Detector setup
Detector is Water ECCs, SFT and INGRID. 

This configuration is already tested in the past experiment.

NINJA Detector RUNNINJA Detector RUN

x 9x 9

•• 50kg Water ECC50kg Water ECC

•• SFTSFT

•• INGRIDINGRID

T2K near detectorT2K near detector

4,800 CCQE4,800 CCQE

820 2p2h820 2p2h @1021POT

(100% eff.)
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WAGASCI+BabyMIND

Plan: Experimental sitePlan: Experimental site
B2 floorB2 floor

1.0 off-axis

•• The detectors are kept at ~10The detectors are kept at ~10ooCC with with 

cooling compressor and vinyl housecooling compressor and vinyl house
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Toward measurement at offToward measurement at off--axisaxis
• Slow proton detection

Proton @2p2h (NEUT 5.3.7_INGRIDFIX)

p multiplicity

no cut

|tan|<4.0

|tan|<3.0

|tan|<1.5

High speed Large angle ScanningHigh speed Large angle Scanning

ν HTS

conventional

HTS

Large angle

95%

New

|tan |
321

conventional

20.8%41.7%46.6%100%

170 evt340 evt380 evt820 evt

|tan |<1.5|tan |<3.0|tan |<4.0No cut

50kg water target, 1.0x1021POT

High speed && large angle Scanning High speed && large angle Scanning 

will be applied near future.will be applied near future.
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52%52% donedone

•• ~5.6 m~5.6 m22/week@ Nagoya/week@ Nagoya

•• Jul.Jul.--Dec.Dec.

•• Totally 94 mTotally 94 m22

Films will be stored in underground Films will be stored in underground 

laboratory at laboratory at MizunamiMizunami to reduce to reduce 

cosmiccosmic--ray background.ray background.

~1hour from Nagoya by car/train~1hour from Nagoya by car/train

200m from ground200m from ground

Production status

Emulsion film productionEmulsion film production
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Plan: Film refreshingPlan: Film refreshing
• Accumulated noise tracks after producing films are deleted 

with high temp. and high humi. condition ( fading effect )

We will request one room on ground We will request one room on ground 

at Jat J--PARC for film refreshing.PARC for film refreshing.

This work will be done before two months from beam startThis work will be done before two months from beam start

Current planCurrent plan

darkroom
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Schedule for preparationSchedule for preparation

1 4

INGRID test

SFT 

production

Refresh& 

Packing

Emulsion film 

production

3212111098

Commissioning

2018

The case of neutrino beam exposure from next May

2019

It depends on the beam schedule (FHC/RHC)

Setup@J-PARC

νν
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SummarySummary

• We are performing a neutrino experiments at J-PARC 
to study low energy neutrino - nucleus interactions with 
nuclear emulsionnuclear emulsion.

• We are carrying out a test experiment at J-PARC to 
check the feasibility and detector performance.

• The event analysis of the iron and water target ECC is 
now in progress.

• We proposed a Physics Run based on experience of 
Pilot Run and Detector Run to investigate νν--waterwater int. 
with low energy thresholdlow energy threshold, large statistics. 

• Now we are improving our analysis and producing large 
amount of emulsion films for coming Physics Run.
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Thank you very much.Thank you very much.


