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Neutrino oscillation ;

« First experimental result beyond the standard model in the particle physics
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The leptonic weak current (2 N to be of the same form with (2-1).
In the present ca inos are not stable due to the occur-
rence of a virtual tr . induc interaction (2-10). If
the mass di fference y, ie. |m,, .. is as: sumed to be

a tew Mev, the transmutation time 7 (v,2v,) becomes

First experimental evidence Final demonstration
Theory (1962) (1998) (2015)

First track detected in emuI3|on fllm

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

v CP vmlatlon e Sterile neutrino!?
—$ matter dommated unlverse
e S -> fourth generation

dark matter?




Neutrino physics on sub-multi GeV
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Solar T2K/Hyper-K Total (NC+CC

- =
-
- N

CC Total

ESSvSB

o
o

CC quasi-elastic

olE (10%%cm?/GeV)
o
[+:]

v cross section/ E, (10 cm?/ Ge
e e o Fé{ = ¢
2 N B O O o N B

102

v,CC cross section per nucleon E, {GeV}

error
NOMAD data with total error

SciBooNE data with preliminary error
RFG model with M M=1.l}3 GeV, k=1.000
——— RFG model with M}'=1.35 GeV, k=1.007

3.0
E* (GeV)

Sterile natitring?

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




NINJA Experiment

eutrino nteraction research with

uclear emulsion and -PARC ccelerator
e Precise measurement of neutrino-nucleus cross-sections in Sub-Multi GeV
e Electron neutrino cross-section measurement
« Sterile neutrino search i ———
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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 v, measurement < clear verification of sterile neutrino

Water target emuIS|on detector

i

I
Wi

I

Proton momentum
| FECEETTTTTT TR

y / electron ID v, CC event in OPERA

Microscopic image from
the view of the beam axis

electron

NINJA — CCCeE
— 2p2h high

— 2p2h low

Proton momentum
@MNINJA position
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Proton Momentum [GeV/c]

Low BG from v, NC =° production
The nuclear emulsion has all the essential elements for low energy neutrino study.



m PhYSiCS Run (E7 1 a) Neutrino beam exposure : 4.8 x 102° POT °

: _ : : @ 2019-2020 (18t Physics Run: E71 )
« First measurement of v-multi nucleon interactions ond Physics Run (E71b) = 2023

. Excluswe Cross- sectlon measurement of v-water interactions
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Baby MIND >4 ‘1’ Detection of low energy protons from v-water int. at
5,000 events Detector Run (T68)



NINJA detectors

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

Scintillation Tracker Emulsion Shifter Water ECC

b Time resolution 10 nsec level 4 hour --- (100 day)
S {: ™ Position resolution 2.1 mm 1 um level 1 um level




Emulsion Shifter

Operation of the Emulsion Shifter - Stable
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3hold tracks are used.




Scintillation Tracker

ARIuNSHEEHREEE L CURTIURIGEIEIETCNIERE  Operation result during neutrino beam exposure
of 2cm-width scintillation bar. oo Event Rate of the NINJA Trackar (Physica Fun o)
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Position resolution of Scintillation
Tracker for straight tracks

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




Status of Physics Run(E71a)

Track matching
proton : estlmated ted by sand-muon ECC
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SN\ Status of Physics Run(E71a)  ©

Emulsion Scanning
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72
Track angle

Neutrino event search and reconstruction

Systematic partner track search is performed well.



Status of Physics Run(E71a)

Likelihood ratio —
All tracks accumulated Proton efficiency

during the exposure
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u > almost consistent, proton=> deviations are observed. — to be confirmed future




SN  Recent NINJA results e

' H. Oshima et al., Prog. Theor. Exp. Phys. 2021, 033CO0I (2021)
|ron ta rget | H. Oshima et al., Phys. Rev. D 106, 032016 (2022)
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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?



SN Future prospects: heaw Water run

Study of neutrino-nucleon interactions without nuclear effect

14

Proposed new physics run in front of T2ZK NDs 7 "% , e — ]
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SN\  Status of Physics Run(E71 )  °

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

October 2023 November 2023

22 (23 m
5
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Nov. 8th
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SN\ Preparation status

COP based emulsion film for emulsion shifter

Hand-made special film with high angle accuracy
for emulsion shifter Operatlon test @BZ floor (Oct 31th~)

Thickened plastic base _
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2 NINJA Preparation status

Repair of dead channels — fiber damage

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

| emmm—

Put these by silicon caulking

New scintillator bar ST removed dead channel (light leak from fibe

Repair of dead channels — fiber inside of ek of 248 chanro
24
GOMI connector —— By

m There is low light from the edge of fiber in ch92, 156, 157, 163
Because...

Good channel Dead channel

GOMI connector

mo—m== ¥

Cut down little by little  [——




m Status of Physics Run(E71 )  °

Nov. 20th

Beam exposure status (this morning)
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Last week, neutrino beam exposure was
started (NINJA 2nd physics run)
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snowmass2021 process at US

DPF Community Planning Exercise

SNOWMASS NEUTRINO FRONTIER:
NEUTRINO INTERACTION CROSS SECTIONS (NF06)
TorPiCAL GROUP REPORT
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Future prospect: ESS v SB
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52 NINJAS

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

Summary

* 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 gcl)hysics run (E71a) is ongoing and we will open the full
data set, corresponding to 4.8 x 10?° 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 ESSvSB project.

24
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Neutrino multi—-nucleon interaction 26

vp-Ca!;pon OO{0] I CHILESCTIGIM  Detected in electron scattering experiment.
A0 — in case neutrino scattering?

~ .! Can explain the excess of CCQE-like event?

Theoretical prediction of cross-se(
v multi-nucleon interaction

* Martini et al. v

MiniBooNE data with total error
NOMAD data with total error
SciBooNE data with preliminary error
RFG model with M “=|.03 GeV, x=1.000
RFG model with M{7'=1.35 GeV, x=1.007
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Future prospect . D,0 target

There is a discussion to further understand v-nucleus interactions,
the study of v-nucleon interactions is important.
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Conceptual principle:
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(v-D,0) - (v-H,0) > (v-n)

Actually, a heavy water ECC
was produced in T81.
So, technically feasible.

9

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 v-nucleon interactions by analyzing
the subtraction between a heavy water
events and a water events.
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\We would like to discuss about this ideal!
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