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A neutrino interaction in emulsion @J-PARC



Neutrino oscillation
• First experimental result beyond the standard model in the particle physics
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Theory (1962)
First experimental evidence 

(1998)

Final demonstration 

(2015)

上から下から

SK OPERAMNS

Precise measurement of neutrino oscillation
→ Open the door to new physics of the particle physics and the universe.

ν CP violation
→ matter-dominated universe

Sterile neutrino!?

→ fourth generation

dark matter?
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2006 Sep.

First track detected in emulsion film



Neutrino physics on sub-multi GeV

Most current and future neutrino oscillation experiments are in this energy region
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ESSνSB

Sterile neutrino?Unknown neutrino interaction?
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CCQE-like 反応断面積

νe like event excess

The uncertainty of  ν-nucleus is a barrier to the precise measurement of 

neutrino oscillations.

Large discrepancy

anomaly



NINJA Experiment 4

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

• Precise measurement of neutrino-nucleus cross-sections in Sub-Multi GeV
• Electron neutrino cross-section measurement
• Sterile neutrino search

J-PARC Neutrino Monitor Building
10μｍ

Nuclear Emulsion

A neutrino interaction in emulsion @J-PARC

48 researchers from 
13 Univ., 3 countries



Merits using nuclear emulsion
• Low energy hadron measurement  difficult to measure so far

• Neutrino-water interactions  same target as the large water Cherenkov detector

• Low background for νe measurement  clear verification of sterile neutrino
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Proton momentum

NINJA

T2K-ND

Water target emulsion detector

Low BG from nm NC p0 production

2.3mm

The nuclear emulsion has all the essential elements for low energy neutrino study.
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Physics Run (E71a)

x30 statistics of Detector Run

• First measurement of ν-multi nucleon interactions
• Exclusive cross-section measurement of ν-water interactions

Detection of low energy protons from ν-water int. at 
Detector Run (T68)

2.3mm

Water target emulsion detector

Same target as SK

Study for 2p2h

Neutrino beam exposure : 4.8 x 1020 POT

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

2nd Physics Run（E71b）→ 2023

H2O：75kg

Fe：130kg

CH：15kg

em : 30kg

Film 130m2

5,000 events

250kg Target
detector

PRD 102, 072006 (2020)
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Water ECC

Scintillation Tracker

Emulsion Shifter

Water
ECC

Emulsion
Shifter

Scintillation 
Tracker

ν

NINJA detectors 

※ ECC(Emulsion Cloud Chamber)

Emulsion Shifter and Scintillation Tracker give time stamps 
to emulsion track in ECC to identify μ with Baby MIND.



8

Emulsion Shifter
Operation of the Emulsion Shifter → Stable

Each spot corresponds to the time information.

Position difference between Moving wall and Fixed wall

４
dayx25spots 
→ 100 day

４hour x24spots 
→ 4day

4 day/step4 hour/step

Development

102cm

34cm

Tracking efficiency （angle dependence） 
for one film

Eff = 99.6%
by using 4 films

3hold tracks are used.
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Scintillation Tracker
Operation result during neutrino beam exposure

2.4cm
3.3mm

★

★
★

★

★

The performance (position and angle resolution) 
of the Scintillation Tracker was as expected.

DATA

Position resolution Angle resolution

MC

Position resolution of Scintillation 

Tracker for straight tracks

2mm position resolution with novel structure 
of 2cm-width scintillation bar.
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Status of Physics Run(E71a)

Connected muon tracks between ECC-BM with ES and ST

BM-ST connection ~ 97% ST-ES connection ~ 94%

ES-ECC connection ~ 94%

Track matching
estimated by sand-muon
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Status of Physics Run(E71a)

Neutrino event search and reconstruction

Systematic partner track search is performed well.

2023～

High speed

Large angle
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Emulsion Scanning
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Status of Physics Run(E71a)
p πμParticle ID

μ angle

μ momentum
p angle

Detected muons and protons in neutrino-water interactions（~10% sub-sample）

μ→ almost consistent, proton→ deviations are observed. → to be confirmed future



Recent NINJA results

Proton angle (deg.)
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Detailed proton kinematics

Charged pion production (backward) is larger than prediction.

p
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Data of charged pion production (backward) in anti-neutrino int. is larger than the MC prediction.
→ Still not fully understood neutrino-nucleus interactions.

Unknown effect in neutrino-nucleon interaction? Secondary interaction in nucleus?

• Iron target

The paper will be submitted near future



Future prospects: heavy water run
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Proposed new physics run in front of T2K NDs

Study of neutrino-nucleon interactions without nuclear effect

ー ＝ (νμ-n)

36,000 heavy water interactions and 31,200 water interactions
@2.5x1021POT
→ 4,800±230 (ν-n) interactions

Actually, a heavy water ECC was installed 
in T81 (2021).

Nitrogen-filled chamber
→Prevents degradation of D2O
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Status of Physics Run(E71b)
Last week, neutrino beam exposure was started (NINJA 2nd physics run)

Film packing

LES,ST operation test

Preparation of a dark room Installation

Nov. 8th

Beam start



Preparation status
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Emulsion films for water ECC

Film refresh at Nagoya U.

Emulsion film coating

Erasing of noise tracks 
accumulated from 
producing films. 

Emulsion film
vacuum packing Dark room@J-PARC

Oct. 23th – Nov.8th

Vacuum packed film unit

Transport
to J-PARC

~1200 emulsion films
Oct. 2th – 20th

~30℃
>90%R.H.

High homogeneity and mass production

E71a: handmade

E71b:mashine

（220→340nm）

Refreshable large crystal emulsion

5MBT



Preparation status
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COP based emulsion film for emulsion shifter

Operation test @B2 floor (Oct. 31th~)

Hand-made special film with high angle accuracy
for emulsion shifter 

200μm

500μm

Thickened plastic base

●Normal
●New
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Normal film Special film

Track angle (|tanθ|)

Operation test

Confirmed positron beam
exposure at ELPH



Preparation status
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Scintillation Tracker

Operation test @B2 floor (Oct. 27th~)

Repairing of dead channels
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Status of Physics Run(E71b)

Last week, neutrino beam exposure was 
started (NINJA 2nd physics run)

Beam exposure status (this morning)

Nov. 20th

Beam bunch structure 
in Scintillation Tracker



20Snowmass2021 process at US

arXiv:2209.06872v1 [hep-ex]
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Future prospect: ESSνSBタ 
Ultra precision measurement of neutrino oscillation at EU (2037~)

Energy region with
no neutrino interaction data!

Conceptual Design Report
2022. 6/2

ESS accelerator

T2HK

DUNE

360km

Far detector site
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Future prospect: ESSνSBタ 
Ultra precision measurement of neutrino oscillation at EU (2037~)

Energy region with
no neutrino interaction data!

Conceptual Design Report
2022. 6/2

ESS accelerator

T2HK

DUNE

360km

Far detector site

1ton water target

3,000 m2 x 5times/10years

ν IKING detector

NINJA type
water ECC

Approved by European Commission

『Study of the use of the ESS facility to accurately measure the neutrino cross-sections for 

ESSνSB leptonic CP violation measurements and to perform sterile neutrino search and 

astroparticle physics』

Kick off meeting at Lund, Jan. 2023

20 Institutes from 11 countries
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Future prospect: ESSνSBタ 
Ultra precision measurement of neutrino oscillation at EU (2037~)

Energy region with
no neutrino interaction data!

Conceptual Design Report
2022. 6/2

ESS accelerator

T2HK

DUNE

360km

Far detector site

1ton water target

3,000 m2 x 5times/10years

ν IKING detector

NINJA type
water ECC



Summary
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• Precise measurement of neutrino-water interactions is important for future 
neutrino oscillation analysis (especially, CC2p2h and νeCC) and proton 
information is key to improving the neutrino-nucleus interaction model.

• NINJA has introduced nuclear emulsion to study low-energy neutrino 
interactions for this purpose.

• The results of neutrino and anti neutrino-iron interactions were reported. 
We found a discrepancy between data and MC in backward pion 
production.

• The analysis of the physics run (E71a) is ongoing and we will open the full 
data set, corresponding to 4.8 x 1020 POT near future. 

• The 2nd physics run (E71b) is just started.

• A new experiment using heavy water ECC is being proposed.

• NINJA-type water ECC will be installed as a ND of ESSνSB project.
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Back up



26Neutrino multi-nucleon interaction

n
p

μ
ν

Only μ 

measurement

p ?

CCQE-like event is 
NOT CCQE event.
Contamination from 
unknown interaction?

p

Detected in electron scattering experiment.
→ in case neutrino scattering? 
Can explain the excess of CCQE-like event? 

Theoretical prediction of cross-section of 
ν multi-nucleon interaction (2p2h)

Proton momentum

T2K-ND

2p2h:
νμ + (n, p) → μ－+ p + p

→ 3 body reaction

2proton emission

CCQE: νμ + n → μ－+ 
p

→ 2 body reaction

→ wrong reconstruction of neutrino energy

νμ-Carbon CCQE like cross-section

Difficult to study
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マスタ タイトFuture prospect ：D2O targetル
の書式設定 There is a discussion to further understand ν-nucleus interactions,

the study of ν-nucleon interactions is important.

arXiv:2203.11298 [hep-ex].

Development of a bubble chamber is being 

considered in US.

In NINJA, by introducing a heavy water 

target, we are developing a method to 

study ν-nucleon interactions by analyzing 

the subtraction between a heavy water 

events and a water events.

Conceptual principle:
(ν-D2O) – (ν-H2O) → (ν-n)

Heavy water ECC

（9 kg heavy water）

J-PARC T81（2021）

Actually, a heavy water ECC 

was produced in T81.

So, technically feasible. We would like to discuss about this idea!
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