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A neutrino interaction in emulsion @J-PARC



Welcome!

ÅThe analysis of NINJA 1st physics run is underway.

ÅToday we invited two theoretical experts of 

neutrino interaction study. 

They will give interesting talks!

ÅLetôs enjoy the discussion!

2



Welcome!

3



4

Contents

ÅNuclear emulsion

ÅNINJA experiment



5

What is Nuclear Emulsion ?

3D tracking detector with submicron position accuracy

High energy

heavy ion beam

Microscopic image

100ɛm = 0.1mm
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Vertical exposureVertical exposure
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Nuclear Emulsion

Development treatment

Silver grains
(size : several 
10 nm ~ 1 µm)

Charged Particle Silver halide crystal 
(AgBr)

Polymer (C, (N,O)) AgBr I crystal

Gelatin + crystal

1ɛm

Emulsion film
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Nuclear Emulsion

Development treatment

Silver grains
(size : several 
10 nm ~ 1 µm)

Charged Particle Silver halide crystal 
(AgBr)

Polymer (C, (N,O)) AgBr I crystal

Gelatin + crystal

1ɛm

Emulsion film

(After development)
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Emulsion Cloud Chamber (ECC)

Sandwich structure of emulsion films and target material.

t
Flight Length 280um

nt

a DONuT ntevent

1mm

Emulsion

DONuT : Iron  1mm

OPERA : Lead 1mm

NINJA   : Iron 0.5mm, Water 2.3mm

Emulsion film

44-70ɛm emulsion gel were coated 

on both sides of the ~200ɛm-thick

plastic base.

plastic base
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Plastic Base (205 microns)

Emulsion Layer

Emulsion Layer (44 microns)

basic detector: AgBr crystal,
size = 0.2 micron
detection eff.= 0.16/crystal
1013άŘŜǘŜŎǘƻǊǎέ ǇŜǊ ŦƛƭƳ



10Hyper Track Selector

Image processing:
72 GPUs in 36 PCs

Lenz:
FOV 25mm2

Camera: 
2MP 72 sensors

Emulsion film 
25x38 cm2 or  25x25cm2

1 1.5  hours
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Scanning speed (cm2/hour)

CHORUS

2020
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Automatic track recognition
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Penetrated tracks

all tracks

PL41

PL01

n

Iron 

2.0cm

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



13NINJA: Feasibility study: 2kg Iron target ECC

nint. in emulsion

Iron 2.0cm

ɜ

ɜ

12.3cm



14NINJA: Feasibility study: 2kg Iron target ECC

ɜint. in emulsion

Iron 2.0cm

ɜ

ɜ

12.3cm

100ɛm

Microscopic image



15

Momentum measurement and Particle ID
ϕmeasurement by the MCS method

Multiple Coulomb Scattering

Ą momentum measurement
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Effect from track stopping

MC study by GEANT4
With 0.5mm Fe

dE/dx measurement by track blackness
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NINJA Experiment
Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

A collaborative project with some member of OPERA and T2K

10ɛ

A neutrino interaction in emulsion @J-PARC
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1. Confirmation and cross-section measurement of 2p2h int.

2. Exclusive measurement of nɛ, ne- water cross-sections

Sub-Multi GeV Neutrino interaction

Major source of uncertainty in noscillation analysis

ne anomaly from several experiments (sterile n?)

Need to more understand the neutrino-nucleus interaction !

Physics Motivation

Effect from Sterile Neutrino ?2p2h interaction ?

n

p
p

l-

p MiniBooNE
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Low energy neutrino interactions
ɜɛ-Carbon CCQE like cross-section

There are discrepancy between low 
and high energy 

Y. Hayato, NuInt2018M. Dracos, NuFact2019L. Pickering, NuFact2019

Neutrino energy for current experiments
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Multi -nucleon reaction (2p2h)

In cross-section of CCQE-like events, measured value is much larger than 

the simple model predictions Ą new interaction process (2p2h) ?

n

p
p

l-

p

Å There is experimental indication of binding nucleon 
pair from electron scattering experiment. 
Ą Need to apply in neutrino scattering experiment.

Å 2p2h is judged as CCQE with the detector which can 
not detect protons. 

Electron scattering experiment

Neutrino energy reconstruction of CCQE like event at 

far detector is wrong if 2p2h process is exist.

Ą large systematic uncertainty

2p2h:

ɜɛ+ (n, p) Ąɛ + p + p

Ą 3 body reaction

2protons are emitted 

CCQE: ɜɛ+ n Ąɛ + p

Ą 2 body reaction

Proton measurement is important

to more understand
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Low energy proton measurement

Back-to-back proton event in Liquid Argon 

detector low statistics

ArgoNeuT

2p2h-like enhancement in reconstructed 

neutrino energy in Eɜ ~3GeV

MINERɜA

Cross-section of 2p2h in

Martini model and Nieves model

Å Some general models predict that back-to-back 

protons are emitted from binding nucleon pair 

in neutrino event. 

Å Large model dependence.

Emulsion detector can detect low energy protons

for several materials, including water.

Ą New precision information

Proton information is also useful to understand 

not only 2p2h, but also simple CCQE.
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Current results
Two physics papers 

3kg water target run (T68) 60kg iron target run (T60)

Published in PRD Published in PTEPPRD 102, 072006 (2020) PTEP 2021, 033C01 (2021)
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NINJA Physics run 1

B2 floor

Å Precise measurement of neutrino-nucleus cross-sections including 2p2h

Å Electron neutrino cross-section measurement

Å Sterile neutrino search

ʉ

Proton momentum

NINJA

T2K-ND

Neutrino beam exposure : 4.8 x 1020 POT

@ 2019-2020 (1st Physics Run: E71a)

Water target emulsion detector

Same target as SK
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Water ECC

Scintillation Tracker

Emulsion Shifter

Water

ECC

Emulsion

Shifter

Scintillation Tracker

ʉ

26

NINJA detector (E71a)

ES and ST give time stamps to connect 

between Water ECC and Baby MIND for muon ID.

β ECC(Emulsion Cloud Chamber)
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NINJA detector (E71a)

Å Target: WaterĄ75kg (1,200 ɛCC events), IronĄ130kg, CHĄ15kg, EmulsionĄ30kg

ÅCurrent analysis: ID@BMĄ BM-ST connection Ą ST-ES connection 

Ą ES-ECC connection Ą VTX analysis@ECC
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A detected �‘ �•CC event

The thickness of tracks expresses the dE/dx


