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Neutrino physics on sub-multi GeV 2

Current and future neutrino oscillation

experiments are in this energy region
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V multi-nucleon interaction?

The uncertainty of v-nucleus is a barrier
to the precise measurement of neutrino
oscillations.




Neutrino multi-nucleon interaction
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NINJA Experiment !

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

* Precise measurement of neutrino-nucleus cross-sections in Sub-Multi GeV Vﬂ

e Electron neutrino cross-section measurement

» Sterile neutrino search 50 researchers from 10 institutions

: R . Hadron Beam Facility
Materials and Life Science S
Experimental Facility
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‘ J-PARC = Japan Proton Accelerator Research Complex




Merits using nuclear emulsion
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The nuclear emulsion has all the essential elements for low energy neutrino study.



NINJA ROADMAP

( Pilot RUN )Feasibilitystudy n

1 at J-PARC

( Detector RUN ) Detector performance check

=

J-PARC
- T60/T66/T68/T81

—

l Target mass: 1- 60kg

Neutrino-nucleus

&(P hVSiCS RUN 3 interaction study

]

(PhVSiCS RUN WU ) Search for sterile neutrino

Target mass: 200-
300kg

Target mass: 1- 3ton
Target mass: 6-10ton

Currently, Physics Run | is underway.



Results of Detector Run (T60 /

v,-Iron CCinclusive cross-section and detailed information was reported.

Cross-section measurement — 183 CC events in 65kg iron target ECC
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Physics Run (E71a) ¢

e First measurement of v-multi nucleon interactions
e Exclusive cross-section measurement of v, -water interactions

i m H,O 75kg
Neutrino beam : 2
250kg Target
Nov. 2019-Feb. 2020 & 1are Fe 130kg

Total POT : 4.8 x 102° Film 130m- CH  15kg
emulsion gel :  30kg

—> 5,000 events

emulsion film
2.3mm

Detection of low energy protons from
v-water CC interactions at Detector Run (T68)
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NINJA detector (E71a) Water ECC 9

3 ECC(Emulsion Cloud Chamber)
Emulsion Shifter A
‘«’r

Emulsion P
Shifters s

Moving

1.08

—~—

Scintillation Tracker

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



NINJA detector (E71a)

Direction of analysis in conventional method
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Target: Iron 130kg

* Water  75kg (1,200 v ,CC events)

* CH

Emulsion film

‘]_\ 0.5mm 2.3mm
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Emulsion gel iron

Polystyrene [l water
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ECC

15kg

* Emulsion  30kg



Emulsion Shifter

4 films are used for a wall of emulsion shifter
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Operation of the Emulsion Shifter A Stable

Each spot corresponds to the time information.

“Spots” on the SLOW moving wall
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Scintillation Tracker
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J Operation result during neutrino beam exposure

Event Rate of the NINJA Tracker (Physics Run a-1)
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The performance (position and angle resolution) of the Scintillation Tracker was as

expected.

12




efficiency

Efficiency

Track matching efficiency
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High detection and connection efficiencies have been achieved at each stage.




Detected neutrino events

ECC — Emulsion Shifter — Scintillation Tracker — Baby MIND worked well
and succeeded in ulD and measuring their charge.

Neutrino event Anti neutrino event

oroton (9 3 GeV Ic)
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Emulsion scanning status Lo

100 a%ed Track detection efficiency in ECC film
\ man
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 Emulsion scanning was completed.
A First result will be shown in this summer.
 Emulision data taking is progressing as planned except for the effect from
COVID-19 in 2020 and the hardware troubles of the scanning system that
occurred last year.
« Tracking efficiency is sufficiently high.



Event analysis

Classify @ECC

~ Penetrate

Connect to ECC?
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stop
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Recon pp [MeV/c]

Particle Identification L

All tracks from vertices

- dE/dx A

Matched ©0BM ____100Sr e, Track blackness in ECC
Identified Identified - Momentum A
as muon as hadron

Multiple Coulomb Scattering in ECC
Range in ECC
Range in Baby MIND

Today’s topic

Stop in BM Other
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and PID
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& proton

ECC Range ECC pB
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. Proton/pion PDF (gaussian) is obtained from the

other
accumulated tracks.

Muon reconstructlon performance
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The detailed was presented bdagawasanin young talk.



Event Viewer

Iron event (121 events)

Event candidate

» Fe : 121

Water : 95
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Very preliminary result in sub-sample

Iron 121events Water 95events
pi 0 1 2 3 4 pi 0 1 2 3 4
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B Emulsion gel,base, packing interaction are included



Direct vertex hunting in ECC

- Crosscheck of muon prediction based analysis
- Electron neutrino event search

Direction of analysis in conventional method

BM-ST ST-ES ES-ECC Vertex
- connection connection connection analysis

Acryllc plate

(every 4hours) (every 4days)

\

. > € > € >
Scigtillation Tracker \ Emulsion Shifter ECC

Scintillator

<€

Baby MIND

In this method, vertices are reconstructed using only ECC tracks

the direction of analysis is the opposite of the conventional method
analysis is not biased by electrical detectors



Direct vertex huntin

g in ECC 2

N
\\\ //

N

Estimation of random background

B Do the same reconstruction
using the data with the track
information replaced.

Pick up low background data from
event candidates

Detected events of new method

/

|

time information of shifter
| __— muon ID of Baby MIND

4

Electron neutrino like events had detected
5 events have muon ID

!

\all of them have detected in conventional method
= Independent analysis confirms conventional methods.

By increasing the statistics, we can guarantee the correctness of the conventional
method and also search for electron-neutrino interactions.



Schedule

The emulsion scanning of E71a will be completed.

A We plan to concentrate on its physics analysis in 2022.

A First physics output hope to be shown in this summer.

The next physics run (E71b) will be implemented in JFY2023.
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G L T 7 R e spr—

E71a 4.8 x 1020 o —— W CCQE
Done! —— -
E71b 5.2 x 1020

CC other

E71a analysis:
As shown in results of detector run,

cross-section and proton/pion kinematics information on v, -water
and iron interactions will be obtained with more than 10 times

statistics from detector run.
Also, if 2p2h is the cause of the excess of CCQE like event, back-to-

back proton would be increased clearly in Opi2p events.



Toward next physics run (E71b)

We have developed an automatic emulsion pouring system
and a new higher speed emulsion scanning system in Nagoya U.
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Automatic emulsion pouring system

x10 faster than hand made

New automatic emulsion scanning system

It is still under discussion, but we probably can install
about Four times larger detectors in next run to increase statistics.



Summary

* Precise measurement of sub-multi GeV neutrino-water interactions is
important for future neutrino oscillation analysis (especially, 2p2h
and v,) and proton information is a key to improve neutrino-nucleus
interaction model.

* We have demonstrated the analysis of NINJA experiment in detector
runs.

e The data taking of our first physics run (E71a) was completed.

* The hybrid analysis between emulsion detectors and electronic
detectors works well, and PID analysis was also done well.

e Non-bias analysis method has been developed for cross-check of
conventional analysis method and v, CC event search.

* We will start physics analysis with full statistics of E71a, corresponds
to 4.8 x 10%° POT. The first physics result will be reported in this
summer.

e Second physics run (E71b) is scheduled in JFY2023. The new emulsion
production systems and readout system allow us to make a detector
four times larger.
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