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Nuclear emulsion and automatic readout system

* Nuclear Emulsion is
a special photographic film.

 Signal is amplified by
chemical process.

Automatic track scanning system
Track Selector
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Digital Data
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Neutrino experiments with nuclear emulsion

b Latest scannlng system HTS2¢

Accelerator based experiments
- Emulsion-Counter Hybrid analysis

Event: 12123032048, 2 May 2012, 10:12 (UTC), XZ projection
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Neutrino physics on sub-multi GeV
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V' multi-nucleon (CC2p2h) interaction? Sterile neutrino ?

A better understanding of v-nucleus interactions is important for the precise measurement of v oscillations.

—




== NINJAS NINJA Experiment ;

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

n ;Ié 3 countries,
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 Precise measurement of v -nucleus CC cross-sections in Sub-Multi GeV region
« Electron neutrino cross-section measurement, Sterile neutrino search
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NIN]A Physics Run (E71)
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Scintillation Tracker
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Status of Analysis

Track matching
proton : estimated by sand-muon ECC
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Status of Analysis

All tracks accumulated
during the exposure
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First results for muon and proton kinematic distributions of neutrino-water CC interactions
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See arXiv:2608.16063




Status of Analysis

Other measurements: iron target data
int.: 183 events

Flux averaged CC inclusive cross section:

«— v flux

v, flux (/cm?/200 MeV/10°' POT)

oee 1.28 + 0.11(stat.)* 912 (syst.) : 1.444 + 0.002(stat.) *3182 (syst.)

OCE phase space 0.84 + 0.07(stat.) 997 (syst.) 0.87 0.859 + 0.003(stat.) *012(syst.
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SN | atest exposure

Beam exposure (2025 Nov. — 2026 Mar.)
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# of films

2025/11/29~12/22,
2026/1/16~1/28, FHC 4.74x1020
2026/3/11~3/25

2026/1/28~2026/3/11 RHC(v) 5.52x1020
10.26x1020

Total 1.24 x 1021 POT in FHC First RHC-mode data
(E71 requested: 1.0 x 1021 POT ) || during the physics run
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SNINJA Future prospects :

All data of E71

Period

Ist:E71a 2019-2020 4.8 x 1070 - Recent publication

ond -E71b 2023-2024 2.9 x 1020 = First inclusive Y -Hz0 CC results (arxiv:2608.16063)
= Sterile neutrino search (arxiv:2606.30135)
3rd:E71c 2025-2026 4.7 x 1020

- Planned data releases include:

. - Inclusive measurements

Period - Exclusive measurements

3rd -E71c 2025-2026 (0m CC, multi-m CC, 2p CC, and other channels)
- Anti-neutrino measurements

- Electron neutrino measurements

Current data release: about 2% of the total dataset
Goal: Release 20% (10 X increase) over the next 6 months
Target: Increase the data release to 50% by JFY2027

All films are expected to be
scanned by the end of 2027.




JSPS Core-to-Core Program (JFY2026-2030) -

International research center for neutrino-nucleus interactions Neutrino-nucleus scattering experiments

* Improving our understanding of neutrino—nucleus interactions J-PARC K
requires broad knowledge of theoretical and experimental T2K-ND280+ Ninja JSNS2 and JSNS2II
particle and nuclear physics. (upgraded near detectors) (Nuclear emulsion detector) (Sterile neutrino search experiment)

* We need a framework that brings together experts from Japan
and abroad to address this problem.
Simulation w77 ""f;\
(Event generator) §;E| T2K work in : ) Baby MIND
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Theory Experiments Average E,, = 3.5 or 6 GeV

Nucleon structure (LQCD), Neutrino-nucleus experiments,
Nuclear structure, Lepton-nucleon/nucleus experiments,
Many-body calculations, etc. Hadron scattering experiments

« Kick-off workshop was held on June 5th. (https://www-kam?2.icrr.u-tokyo.ac.jp/event/22/)
« NINJA is one of the core research activities within this program.



https://www-kam2.icrr.u-tokyo.ac.jp/event/22/
https://www-kam2.icrr.u-tokyo.ac.jp/event/22/
https://www-kam2.icrr.u-tokyo.ac.jp/event/22/
https://www-kam2.icrr.u-tokyo.ac.jp/event/22/
https://www-kam2.icrr.u-tokyo.ac.jp/event/22/

Novel neutrino activities using nuclear emulsion
- Other Short Topics -
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Application of & and S particles

hist

Entries 400
Mean x 106.3
Meany  17.27
L Std Devx 11.94

oy (StdDevy 9.171

~lwith RNN, LSFM (MC)
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Toward precise measurements of geo-neutrino

Geo-neutrino from Mantle is important information for the earth science

Earth: 6.0 x10%* kg Mantle: 4.0 x10%* kg

Outer core: 1.8 x10%% kg

Inner core:
9.7 x10% kg

[geo-neutrino]
Crustal:Mantle~7:3

Bulk Crust:
2.7 x10*2 kg

Geo-neutrino

Anti-electron neutrinos from the
decay of radioactive isotopes in
the earth (V7). mainly,

238) >206Ph+8 a +6e +6 U +51.7MeV
232Th>208Pb+6 a +4e+4 U .+42.7TMeV

77

adecay Bdecay Earth’s heat source

to understand the driving force of mantle convection

<J_L that causes

- Plate movement
leani o
20 years of observations, statistical accuracy VO canic aCtIVIty
has improved, reaching a level where
geoscientific insights can be obtainec

(I\/Iantle) = Vgeo (KamLAND)— Vgeo (Crustal)

eutrino Model Evolution (Local Curst Erro

surface exposure is globally i 3D
extrapolated vertically i uniform :  inhomogeneity
i upper CC i modeling

Dominant uncertainty is crustal neutrino flux models



Application of 5 tracking in emulsion

- Excellent BKG
reduction
- Good scalability

challenge to
Normal Ordering
(meV scale)

| MC | ~— Sub-Multi MeV electrons
. OvBB M

Emulsion
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/

Current e ti
HM) = 1.5%

High-Precision

Microscopy System High-Speed Dryer for
Thick Nuclear Emulsion

- Radiation Cancer Therapy

- In-treatment monitoring - Improved pre-simulation

Multi MeVy ray > %ub Multi MeV electrons

Emulsion sheet

i - FLASH Radiotherapy
i (High dose rate particle
therapy with

l‘o
4 beé;,77 fewer side effects)

topping
t y Rays

Proton stoppir
"I position \

Estimated position
using prompt y rays
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Summar

« We are promoting the NINJA experiment, an accelerator based neutrino
experiment using nuclear emulsion for precise measurements of neutrino

oscillations. = Deepening neutrino-nucleus interaction study

« With the 3rd data-taking campaign, the originally requested beam exposure
of 1.0 x 10%* POT in FHC mode was achieved.

In addition, 0.5 x 10%* POT of RHC data were successfully collected.

« The first physics paper from the physics run has been submitted. We aim to
publicly release a dataset of about 5,000 neutrino—water CC events within the
next few years.

 We also are developing aand B track analysis method in emulsion using ML.
- Earth science, not only geo-neutrino but also Star formation and evolution
- Neutrino less double beta decay search
> Medical application (FLASH Radiation Cancer Therapy)
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