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Experimental Neutrino Physics
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Most of the current and future experiments will probe
energy range upto few GeV.
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Neutrino Interaction research with Nuclear
emulsion and J-PARC Accelerator XL T i Monitor

Off-Axis
Detector
(ND280)

NINJA experiment

ND28o floor

(INGRID)
Precise measurement of vu-nucleus CC B2 floor T =
cross-sections in Sub-Multi GeV region. -
Electron neutrino cross-section
measurement.
Sterile neutrino search.
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Emulsion detector advantages
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Low momentum proton measurement.
Neutrino-water interaction - same as
target as SK, HK

Gamma rejection for electrons fromv_e
events.
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Current
run

Sterile
search

NINJA plan

Table 1:

Emulsion detector exposure history

N
Pilot run
@ J
N
Detector run
J
7
N/
N
Physics RUN 1
(E71)
]
N
Physics RUN 2
J

E71b

Large emulsion shifter,
Scintillator fiber tracker,
Babyv MIND

~ Period POT Detector Site

Oct. 2014- | 1.3 x 10°® | 2 kg iron detector, SS floor at NM
Dec. 2014 Emulsion shifter,

INGRID
Jan. 2015- | 1.4 x 10*® | 2 kg iron detector, SS floor at NM
Apr. 2015 Emulsion shifter,

INGRID
May 2015- | 0.8 x 10*® | 1.5 kg water target ECC SS floor at NM
Jun. 2015
Jan. 2016- | 4.0 x 10° | 60 kg water target ECC, SS floor at NM
May. 2016 Medium emulsion shifter,

INGRID
Dec. 2016- | 5.9 x 10%° | 1.5 kg water target ECC SS floor at NM
Apr. 2017
Nov. 2017- | 7.1 x 10?® | 3 kg water target ECC, SS floor at NM
May. 2018 Scintillator fiber tracker,

INGRID
Nov. 2019- | 4.8 x 10°® | 75 ke water, 130 kg iron and 15 kg | B2 floor at NM
Feb. 2020 CH target ECC,

Large emulsion shifter,

E71 a Scintillator fiber tracker,

Baby MIND
Mar. 2021- | 1.8 x 10 | 9 kg heavy water ECC B2 floor at NM
Apr. 2021
Nov. 2023- | 2.9 x 10*° 75 kg water, 130 kg iron and 15 kg | B2 floor at NM
Feb. 2024 CH target ECC,




NINJA (E71) setup

Scintillation Tracker
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Sciptillation Tracker \ Emulsion Shifter
Scintillator

Consists ECC, shifter and scintillator tracker.
ECC - Emulsion films sandwiching iron plate
placed in water.



Nuclear emulsion film scanning system

Tomographic Images

Emulsion film is special photographic film.  inEmuision Layer

=

The charged particle track signal is seen
with activated silver halide crystals.
High resolution images.

........-............ - j" HTS
: Scanning
50 micron ' System @
. ¥ Nagoya

University

Cartera l
aMerd | Tracking PC

Lens
Image X
Filter A X

i
Z’ Y4 4
X

&Tracking
Emulsion| Diggtal.tl_)ata
7Film 4 ) Ag; e|on
" l + Density (as Pulse Height)
Driving Stage




Scanning procedure
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E/1a status

Likelihood ratio
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* Emulsion film
scanning is on
going.

* Tracking
efficiency 299%.

*Expected to be
finished at the
beginning of
next year.



E71C (coming run)

. Next run of NINJA is planned to 1L
take place from Nov 2025.
Production of emulsion has started. =

. The target mass ~2 times the ...

previous run.

New scintillator tracker and new F71c

scintillator shifter are used to

accommodate the increase in ECCs.
DR




Conclusion

. NINJA experiment utilizes for the precise
measurement of neutrino-water interactions.
. So E71a, E71b physics runs are successfully
completed.

. Preparations for next physics run E71c with
increased detector mass is on going.



