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NINJA Experiment

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator
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Nuclear Emulsion Detector
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Physics motivation

Precise neutrino-nucleus interaction measurement is important
to reduce the systematic uncertainty in future neutrino oscillation
experiments.

We started a new experiment at J-PARC to study low energy
neutrino interactions by introducing nuclear emulsion technique.

The emulsion technique can measure all the final state particles
with for a variety of targets (H,O, Fe, C,...).

Furthermore its ultimate position resolution allow to measure
and to explore of
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NINJA Roadmap

J-PARC T60/T66 experiment

Detector RUN
Target mass: 1- 60kg
c
~2 || Physics RUN I
Target mass: 100- 300kg
-’
=8 )| Physics RUN II
L Target mass: 6-10ton
« The aim of T60/T66 is a and

to make a future plan.
« We will expand the scale of detector gradually, step by step.




v exposure status of NINJA

- We have demonstrated the basic experimental concept at J-PARC site.
- “Detector performance run” was started from last Jan.
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Emulsion film production in the lab

Nuclear emulsion films were made by ourselves

‘ Gel prcE:Iuction '
‘ Gel m'elting '
‘ Pog'ing '
gl ( Drying )

- Sensitazation



* Nuclear Emulsion is a special photographic film.
« Signal is amplified by chemical process.

particle Silver grain

dissolved

Silver Bromide crysta
in gelatin film

OPERA type | 60=34.8+06 New type || SP=801=4.7

FD= 3.7%+0.4 FD= 2.9 &= 0.9

100um

We can control the signal density in the films.

Plastic layer
~200um




Conceptual design of the detector
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« Emulsion Cloud Chamber (ECC) is a sandwich structure
of emulsion films and materials.

« Emulsion detector is placed in front of T2K near detector,
INGRID.

« Emulsion Shifter is re-used from a balloon project with
emulsion to give a timing info. to emulsion tracks.

 Muon ID is possible by combined analysis with INGRID.
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Conceptual design of the detector
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« Emulsion Cloud Chamber (ECC) is a sandwich structure
of emulsion films and iron plates.

« Emulsion detector is placed in front of T2K near detector,
INGRID.

« Emulsion Shifter is re-used from a balloon project with
emulsion to give a timing info. to emulsion tracks.

 Muon ID is possible by combined analysis with INGRID.
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Data taking by emulsion scanning system

Position distribution
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Latest high speed scanning system
developed in Nagoya Univ.
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Feasibility study: 2kg Iron target ECC
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Feasibility study: 2kg Iron target ECC

Reconstructed track data
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Feasibility study: 2kg Iron target ECC
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12.3cm

Feasibility study: 2kg Iron target ECC
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Proton identification

measurement b
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Feasibility study: 2kg Iron target ECC 17

Emulsion-INGRID Hybrid analysis
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Event topology is clearly matched.
Expected range for each tracks is consistent with INGRID hits.
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Detector run: 60kg Iron target ECC

Dtector Run
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vV beam exposure Hardware treatment and Scan

We are performing Detector Run to compare MC
with high statistics.
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v exposure : 2016 @SS floor (near on-axis)

end of Jan. 2 end of May (4.0 x 1020 POT)

- Iron target (total~60kg with 500 1 m segmentation)
* High statistics (~3 k v, events)

- v detection (~20 v _ CC events)
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Detector run: 60kg Iron target ECC

Multi-track vertex event search

1048 vtx candidate events

(Multiplicity>3, BKG is under estimation)
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Feasibility study: 1kg Water target ECC 20

Water target emulsion chamber

We installed a water target emulsion chamber during May 2015 and 2016-2017.
Detector R&D is now in progress
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High speed Large angle Scanning in emulsion
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Technical improvements & Future prospects

Experimental Plan

2017 autumn ~

Detector Run

-4 kg Water ECC test
SFT test
-Water ECC - INGRID

hybrid analysis

2018 autumn ~
1st Physics Run

-100-200 kg Water ECC

- @B2 floor (off axis)

hybrid option is under
discussion

Schedules may be changed,
depend on J-PARC neutrino
beam schedule.




Summary

 We are performing a neutrino experiments at J-PARC

to study low energy neutrino - nucleus interactions with
nuclear emulsion.

« We are carrying out a test experiment at J-PARC (T60/T66)
to check the feasibility and detector performance.

* The event analysis of the 60kg iron target ECC is now
In progress.

rget ECC is also performing.

ning about next test run and physics run
and SFT system.

Special thanks J-PARC Accelerator Group,

NUlNT 2017

June 23-29, 2017 *
Toronto, Canada -

Neutrino Group and the T2K Collaboration
for their strong support !
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Thank vou for vour attention !
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NINJA

Un-official logo. Official one coming soon

Japanese “shuriken”

About the detailed information for particle ID in emulsion, you can find in the State of Nu-Tion WS.
https://meetings.triumf.ca/indico/event/12/session/2/contribution/8/material/slides/0.pdf




