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Neutrino physics on sub-multi GeV
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Most current and future neutrino oscillation experiments are in this energy region
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The uncertainty of "#-nucleus interactions is a barrier to the precise

measurement of neutrino oscillations.



Neutrino multi - nucleon interaction

u@-Cal;bon CCQE like cross-sectio Detected in electron scattering experiment.
x10°

Y in case neutrino scattering?

. Can explain the excess of CCQE-like event?
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NINJA Experiment “

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

A Precise measurement of neutrino-nucleus cross-sections in Sub-Multi GeV
A Electron neutrino cross-section measurement

A Sterile neutrino search ~50 researchers from 11 institutions
Pl: T. Fukuda Nagoya U.
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Merits using nuclear emulsion

Low energy hadron measurement a difficult to measure so far
Neutrino-water interactions a same target as the large water Cherenkov detector
Low background for 4, measurement a clear verification of sterile neutrino
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The nuclear emulsion has all the essential elements for low energy neutrino study.
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NINJA Roadmap
Feasibility study at J-PARC

1 J-PARC T60/T66/T68/T81

Detector RUN Detector performance check

I Target mass: 1- 60kg
> Physics RUN 3 Neutrino-nucleus interaction study

Target mass: 200- 300kg

 Now (E71) } ‘

Physics RUN U

Currently, physics run is underway.

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



NINJA results

Yesterday Minamino-san's talk
BT A 4.0 x 109 POT @ Detector run
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NINJA results
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Yesterday Minamino-san's talk

3.5 x 102°POT @ Detector run
Target: 65kg iron A anti-g-iron int.

Momentum, emission angle and
mul tiplici pae of
measured for 770 CC events.
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NINJA results

Yesterday Minamino-san's talk

3.5 x 102°POT @ Detector run
Target: 65kg iron A anti-g-iron int.

Momentum, emission angle and
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PhySiCS Run (E71a) Neutrino beam:

A First measurement of &-multi nucleon interactions Nov. 2019 i Feb. 2020
A Exclusive cross-section measurement of s-water Total POT: 4.8 x 10%°

250K Teirejei

Fe:130kg
CH :15kg
em : 30kg I&Q__O:tl PO_tB 08 . t1d 1.2 . 1.4G V,.'1"6
; | F||m 130m2 roton reconstructed momentum (GeV/c)
Baby MIND : ‘1’ Detection of low energy protons from #-water

5,000 events interactions was demonstrated at Detector Run
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i NINJA detector (E/13

Emulsion Shlfter Water ECC

B ECC(EmuIsmn Cloud Chamber)

| scintillation

Scintillation Tracker - 4 -

mulsion Shifter and Scintillation Tracker give time stamps
emul si on track 1 n ECC 1t



NINJA detector (E/1a)

Emulsion film
FIW 0.5mm 2.3mm

<> €—>

; 2mm
2.5cm ' Emulsion gel iron

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

- - . ﬁ %
i SCI%J[I”atIOﬂ Tracker E Emulsion Shifter ECC

Scintillator

Scintillation Tracker Emulsion Shifter Water ECC
Time resolution 10 nsec level 4 hour --- (100 day)

Position resolution 2.1 mm 1 ¢ mevel 1 e mevel

m=gP cm | evel analysis around 1ry



Detected neutrino events :

ECC 1 Emulsion Shifter T Scintillation Tracker T Baby MIND
worked well and succeeded in and measuring their charge

Neutrino event Anti neutrino event
e+ lik
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Muon (4.3 * 5% GeV/c)

Yhon (1.01428 Gayyey ~ ~— —

(mm) -70 -60 -50 -40 -30 -20 -10

The event pictures (number of protons) in ECC and the

€ C h signgneasured by Baby MIND are consistent
HO for both neutrino event and anti-neutrino event.
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Emulsion scanning status

2020 | Tracking efficiency for MIPs in

. . one emulsion film
Emulsion film L

Efficiency

>

V<>

System trouble OB ‘

Track reconstruction
Swelling in emulsion gel

emulsion film

15 2 25
]
V tan2e +tan

x,base 'y, base

Track reconstruction
in emulsion film

Emulsion film

7/i 10/1 11 4/1 7 10/1 171
m silver remove m swell m scan ® microtrack ® basetrack
Emulsion scanning was completed in this March.
Tracking efficiency is sufficiently high for wide angle range.
Emulsion data taking was done as planned except for the
effect from COVID-19 in 2020 and the hardware troubles
of the scanning system that occurred last year.

A
A
A
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Phase space

Muon phase space

Baby MIND ECC MCS
Range

. 300 MeV/c
Minimum
(3 layers of Baby MIND)

Momentum Maximum 1.5 GeV/c a few GeV/c

Resolution 5-10% 5-20%

Maximum |tan 6| < 1.5 —2.5 ~ 56°

Resolution O(mrad)

B Momentum measurement by
Multiple Coulomb Scattering

13.6MeV/c [x x
00 = T ‘X (1 + 0038 111 ()(O))

Hadron phase space

Mini 200 MeV/c (p)
NIMUM - 50 Mev/c ()

a few GeV/c

Momentum Maximum <1 GeV/c (p)

Resolution a few % 5-20%

Maximum [tan 6, | < 4.0 ~76°
Resolution O(mrad)
[ 1 water

[ Emulsion film
[ Iron plate
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Status of event analysis

Performance check by sub-data set (one ECC) before opening full data set

Detailed study for the detector efficiencies for each phase, background,
systematic uncertainties is finalizing. Near future, we will open full data set!

Next step:

Momentum by MCS
and PID




