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Welcome!

A The analysis of NINJA 15t physics run is underway.

A Today we invited two theoretical experts of
neutrino interaction study.
They will give interesting talks!

ALet 6s enjoy the discuss.i



NINJA mini-workshop with theorists
Tuesday Jul 20, 2021, 9:00 AM — 12:00 PM Europe/Zurich

Description The NINJA experiment aims at a precise measurement of neutrino-nucleus interactions in sub-multi GeV region using a nuclear emulsion

detector at J-PARC.

By using nuclear emulsions, NINJA can measure neutrino interactions with high precision, including acceptance close to 4pi, very low energy
threshold (energy threshold for protons is 20MeV), good particle identification capability, and various targets such as water, CH, and iron targets.
It also allows us to study multi-nucleon interactions (2 particle-2 hole interactions).

We implemented a physics run of 75kg water target, 15kg CH target, and 130kg iron target at J-PARC neutrino beamline in 2019-2020. Then in
2020-2021, we also implemented a test experiment with a heavy water target to measure neutrino-nucleon interactions. (neutrino-nucleon
interactions are extracted by subtracting the heavy water and water measurements)

Since it is expected that such precise data on neutrino-nucleus cross-sections will be available in the near future, so in this mini-workshop, we
will discuss with theorists what they think is important for current and future studies of neutrino-nucleus interaction.

RO — 9:30 AM  Opening address and NINJA overview

Speaker: Tsutomu Fukuda (Nagoya Univ)

RO\ — 10:30 AM Cross sections vs systematics: Theoretical challenges in neutrino scattering studies

10:30 AM

10:40 AM

11:40 AM

11:58 AM

Speaker: Juan M Nieves (IFiC (CSIC-UV))

Break

Issues and Opportunities in the Study of 27-Oxygen Interactions with NINJA
Speaker: Omar Benhar (INFN and Sapienza University)

Discussion

Closing remark
Speaker: Tsutomu Fukuda (Nagoya Univ)
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What is Nuclear Emulsion ?
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3D tracking detector with submicron position accure






Nuclear Emulsion
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Nuclear Emulsion
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Emulsion Cloud Chamber (ECC)

basic detector: AgBr crystal
size = 0.2 micron
detection eff.= 0.16/crystal

Emulsion film

Emulsion Layer (44 microns

Plastic Base (205 microns)
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DONuUT : Iron 1mm on both si de s-thiokf
OPERA : Lead 1mm plastic base.

NINJA : Iron 0.5mm, Water 2.3mm

Sandwich structure of emulsion films and target material.
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Automatic track recognition

3 CMOS Camera

—S

emulsion layver— v
14 em

emulsion layer— 16 tomographic images

4 em The image xupenmpose(l
l _| 6 image: .
16 tomographic image taklng 16 images from microscop

binarization expansion

B |

coincidence

High energy tracks tan 0 =D/L.

Result of track recognition



NINJA: Feasibility study: 2kg Iron target ECC

Reconstructed tiack dhaita
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NINJA: Feasibility study: 2kg Iron target ECC 13
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NINJA: Feasibility study: 2kg Iron target ECC
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Momentum measurement and Particle |1D

the MCS method dE/dx measurement by track blackness
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NINJA Experiment

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

A neutrino interaction in emulsion @J-PARC
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NINJA  physjcs Motivation

Sub-Multi GeV Neutrino interaction
Major source of uncertainty in noscillation analysis
n, anomaly from several experiments (sterile n ?)

Need to moere understand the neutrine-nucleus Interaction !

1. Confirmation and cross-section measurement of 2p2h int.
2. Exclusive measurement of n., n,- water cross-sections

Data (stat arr.)

v, from p*

v, from K™

v, from K
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NOMAD data with total error

SciBooNE data wiﬂ![preliminarv error

RFG model with '“a =103 GeV, k=1.000
———— RFG model with .\-lAf=1.35 GeV, k=1.007

2p2h interaction ? Effect from Sterile Neutrino ?
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A
S~ NINJA [ ow energy neutrino interactions

Cross-sections 3.-Carbon CCQE like cross-section
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‘\fﬁ?‘NIN]A Multi -nucleon reaction (2p2h)20

In cross-section of CCQE-like events, measured value is much larger than
the simple model predictions A new interaction process (2p2h) ?

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

A 2p2his judged as CCQE with the detector which can
not detect protons.
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3000
2500
2000 BLNEl  2p2h: 2protons are emitted
00 T | lnelasti_c: 38 T+ (n’ p) A e + p + p

1000 | ' (RES)

e
L
=
=]
(=]

S
=)
=
=
=
=]
k=

-
&)
o
A
o
2
bt

@

203 04 05 D6 07 r].i.[_J 10
E ... = 600 MeV
— Total
CCQE+RPA
== 2p2h A-enhanced
—— 2p2h not-A

500

0

02 03 04 05 Proton measurement is important 0 10 1.5 2.0 2.5
g — Reconstructed energy (GeV)
©(GeV) = (, to more understand




A
5~ NINJA | ow energy proton measurement

A Some general models predict that back-to-back

A Large model dependence.
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Back-to-back proton event in Liquid Argon
: N _ detector low statistics
protons are emitted from binding nucleon pair '

INn neutrino event.

ArgoNeuT

Proton momentum in CCQE, 2p2h Cross-section of 2p2h in

—r—r Martini model and Nieves mode

Proton (CCQE) —35
=== Proton (2p2h) g,

High momentum o 30
== Proton (2p2h)
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Nieves et al. v

0
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o Nievesetal V

2p2h-like enhancement in reconstructed

neutrino energy in  E3 ~3GeV

[Phys.Rev.Lett. 116 (2016) 071802]

Meutring, 3.33e20 LE-beam POT, MINERwA Pralimina
0.4 < q /GeV < 0.8
= MC Tatal

cross section [10™

0.2

neutrino energy [GeV

Emulsion detector can detect low energy protons
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Proton information is also useful to understand
not only 2p2h, but also simple CCQE.




<~ NINJA Current results

Two physics papers

3kg target run (T68) 60kg target run (T60)
RS AR D e e PTEP o e Ok 10,1008 ptep 0000000000

First measurement of 7, and », charged-current inclusive interactions

on water using a nuclear emulsion detector First measurement using a nuclear emulsion
.
A. Hiramotg."” Y. Suzuki” Fig: Aoki. ' L. Berns.' T. Fukuda” Y. a2’ Y. detector of the v, © char ged‘current cross section
H. Kawahara,? T. Kikawa. T. K¢ . Komata (. K u ado, on iron around the 1 GeV energy region
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Events

Track multiplicity
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NINJA © N INJA Physics run 1

' A Precise measurement of neutrino-nucleus cross-sections including 2p2h
A Electron neutrino cross-section measurement
A Sterile neutrino search

Neutrino beam exposure : 4.8 x 10%° POT
@ 2019-2020 (18t Physics Run: E71a)
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NINJA detector (E713

= Emulsion Shifter Water ECC

B ECC(Emulsion Cloud Chamber)

- e

H . T
Scintillation Tracker
ES and ST give time stamps to connect

between Water ECC and Baby MIND for muon ID.




% NINJA NINJA detector (E713

Acryllc plate

Emulsion film
'JW 0.5mm  2.3mm
> —>

Emulsion gel iron

(every 4hours) (every 4days) Polystyrene [ water

) e

tillation Tracker Emulsion Shifter ECC

Scintillator

A Target: WaterA 75kg (1,200 ,CC events), IronA 130kg, CHA 15kg, EmulsionA 30kg

A Current analysis: ID@BM A BM-ST connection A ST-ES connection
A ES-ECC connection A VTX analysis@ECC




<*NINJA A detected ‘.CC event *




