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Motivation from physics aspect

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

. An important source of systematic uncertainties comes from
neutrino - nucleus Ccross sections.

. Cross sections depend on target nuclel.

. Typical energies in many neutrino oscillation experiments are around
sub GeV to multi GeV reqgion.

We started a new experiment NINJA at J-PARC to study sub GeV to multi GeV
neutrino interactions using nuclear emulsion technique.




The NINJA Experiment (J-PARC T60/T66)

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator
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N UCIear emu IS'On detector 2 layers in 1 film -> slope information

<+ Emulsion layer

APhotographic films (sensitive for MIP)

< Polystyrene base

A Sub micron spatial resolution by 1 film
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Good two-track separation

We will apply various techniques developed in OPERA to detailed e
studies of neutrino nucleus interactions in the sub-multi-GeV region. RISEREIECTENS

The nuclear emulsions have a sub-micron spatial resolution and an = electron
excellent two-track separation. Therefore, a n, CC interaction can be
identified with low background, a major part of which originates from
" 0->two gamma produced in a n,,NC interaction. This is a strong
point of an emulsion detector in the search for sterile neutrinos.

0.6GeV/c

AdE/dX estimation by Blackness of tracks

(Grain density and Volume Pulse Height) Proton 0.6GeVic

Good _ / p separation




Emulsion Cloud Chamber (ECC) g

AECC brick structure as a unit of target and detector a DONuT

A sandwich of various material plates interleaved with films. FIiEht Length 280um

Study of neutrino-Fe/C/CH/H,0 interactions etc.

Estimate of momentum ( p . )

by the MCS measurement
(Measurement accuracy 20%)

Emulsion film

DONuUT : Imme-iron plate

Estimate of Kinetic energy i érgm-lead |olaltet
. V.omm-iron piate
by the Range measurement (E;,, 10MeV) 2mm-water filled spacer

Measurement error and E,, depend on the thickness of target material



Conceptual design of the NINJA detector

Emulsion detector module is placed in front of T2K near detector INGRID.
Events are located and analyzed in ECC, emitted tracks are connected to those in INGRID
with the timing information provided by the emulsion shifter.

Muon ID is possible by combined analysis with INGRID. 60kg iron target ECC

Emulsion Shifter
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Roadmap of the NINJA experiment

The NINJA Collaboration [ Pilot run ) Feasibility study at J-PARC

Target mass: 1 2kg

J-PARC
Expgfimental site, NeutrinONgeam J-PARC T60/T66

[Nihon Univ.] (Univ. of Tokyo] '
Develo{‘nent of films T2K ne% detector ( Detector run ) Data MC comparison
(Nagoya Univ.] (Kyoto Univ.] Target mass: 4 - 60kg
Film production, Scan T2K ne/r detector

- Neutrino -.nucleus interaction
(Toho Univ.] (Yokohama national Univ.] ( P h y S| C S) Sﬂaylﬂ N

T2} near detector : _
Filin produets o }{ { Target mass: 100 - 300kg
Kobe Univ.

( Phy s i c s| Saardhfer sterile neutrinos

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

Emulsion Shifter

A We have demonstrated the experimental concept at J-PARC site using a few kg iron and water target.

A Detector run for data-MC comparison was started from last year, using 60kg iron target ECC.



Pilot run ( 2kg Iron ECC + Shifter + INGRID) Feb. to Apr. 2015.

Anti-neutrino P —— [ Side view |
19 | 2015/Mar./22 15:06:35.0 ’

13.8 10*° POT

41 Emulsion films

and 40 Iron plates
(  2kg Iron target)

> e

In this run we detected 12
neutrino event candidates with - )

g;enﬁr':sg;\ﬁgfﬁ :gknglpeggci?(?e\éve o plate 36hours pitch - Event topology is clearly matched.

_ , o Expected range for each track is consistent with INGRID hits.
in ECC can be connected to [~ . 21.5min. pitch

= = ‘ <Event time> TO DView
INGRID by using the multi- 4 L misec. S0 AR e AT - A5 e B e

stage emulsion shifter. Time resolution for emulsion tracks g
—— Iron 6.5 9 =58.5cm
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With these results, we decided Iron 0.7cm

to carry out the detector run.

A
(0.30-7GeV/c)

# of tracks/8s

These results are summarized
in two PTEP papers.

T. Fukuda et al.
PTEP (2017) 063CO02.
Y. Yamada et al.

1 Il—l_rvl Ny N S N
20 40 60 80

PTEP (2017) 063HO2. | | tme diferencels]

100




Pilot run ( 1.5 kg Water ECC)

2mm thick frame type acrylic spacer interleaved with vacuum

May 2015 (Anti-neutrino, 8.0 101° POT)
Dec. 2016 - Apr. 2017 (Neutrino, 5.9 102° POT)

packed emulsion films and fill water in window of the frames.

Sandwich structure of Emulsion films

and Frame type spacers

Frame type

plastic spacer
1 (2mm thickness)

Emulsion films (vacuum packed)

First detection of anti neutrino - Water interaction

using Emulsion Detector

Pouring water

Interacted in Water region -_________.

| | tandx, = 0804000845
| | tandx, =t0&89¢3074

Minimum distance( “  )=2.4um, depth=620um
We made first detection of a neutrino-water interaction using ECC. —
This is a demonstration that neutrino-water interactions can be /f""

studied in this way.




[PDetector run (60kg lron ECC) I NIl

To get a sufficient amount of target mass to make a 31" Jan. 2016 27" May 2016
comparison between data and MC, large ECCs were made. | Anti neutrino beam
POT = 4 10%
T2K Near detector hall On Axis
Emulsion shifter (igh sensitivity ECC structure
25cm  25cm 0.5mm Iron 22 plates and
Emulsion film 23 films
{ 12 stacks
‘ fiducial target mass  60kg

Expected

Iron EC 3k anti n events

WIEI2EEER, ) 20 anti n, CC events

100

Gel production ~50kg J Development Removing surface silver
ECGC Packing

80 2~3person/ day 4~5 persons/ day 2~3 persons/ day

‘ _ 3 persons/ day Swelling
-z Installation 2 persons/ day S gcanning

- Beam exposure (Data taking)

Antl neUtrI n 3 persons/ day _ (Dataaccmulation) 1~2 persons/ day

“ Ll

Pouring ~ 22m?

Refresh ~ 346 films
2 persons/ day J

It
2015/7/15 2015/10/23 2016/1/31 2016/5/10 2016/8/18 2016/11/26

Cooling shelter ( 10 ) The emulsion films were made by ourselves.




[Petector run (60Kkg lron ECC) 2Ny Ii

To get a sufficient amount of target mass to make a 31" Jan. 2016 27" May 2016

comparison between data and MC, large ECCs were made. Anti neutrino beam
POT = 4 10%°

T2K Near detector hall On Axis

Efficiency
(G-
e

e
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Q.Tracking. efficiency of one area

lron EC .. é{_pl_ate_..byplate, angle by angle)

(Middle sensitivity)

® :0.0<|tanB|<0.3

A :04<|tanB|<0.6
: 1 O :0.9<]|tanB]|< 1.1

N 2 A :1.4<]tanB]|<1.6
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Anti neutrin
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Cooling shelter ( 10 ) Tracking efficiency _ 95%(t a w10.6) for almost all films. 11



CR and sand muon
in an ECC

Proton identification

measurement by the MCS method

Most of tracks recorded in the ECC are almost all CR and
beam associated muons. Using measurement of Multiple | o
Coulomb Scattering angle of these tracks, we could estimate Num of plates 10
thermoment um p, . I\/IeasuredidE/dX

Pp = 13.6 (MeVic)| X X
el — | [
O 56 XO 1+0.038 In XO

Measurement accuracy Good I\/IIP/proton separatlon In
~ 20% (depend on number of plates) i the Iow momentum reglon |

Proton
Muon

dE/dX [MeV/(g/cm?)]

Multiple Coulomb Scattering
A momentum measurement | |

0 05 1 15 2 25 3 35 4 45 5
pp [GeV/c]

dE/dX (nsege10&&0.0<pp<0_1) dE/dX (nseqe108&0_1<pf<0. dE/dX (nseg108&0 2<pfi<0. dE/dX (nseg10&&0 3<pp<0
_ v _dedx

dE/dX [MeViiglem’]] /X [MeV/{gl dE/dX MeViigiem® dE/dX [MeVilglem)]

This result contribute to particle identification.



Low energy proton candidate

MUItl-traCk vertex SearCh (-85 of whole volume) A Range measurement

1048 multi prong event candidates BKG is under estimation
Multiplicity__3,1P_2 0, (m3_  400MeV/c), attach partner IP_5 0, m

& 25Ccm :
‘ ’ | 1.363mm  26MeV
A ' | Tracks are assumed
7 INE TR = ... Thin (MIP) (va<1§o) 1 [ .
4 M1ﬁ:‘ li 11?
Expected total 3,000 events e
Search areaextension A  ~1.2 Include evapo ated nuclear fragments

Search 2 prongs A o7/

Single prong start track A  ~1.7 E,[GeV] ]



An example of anti-neutrino candidate event

Event 2354011

Vertex
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X[um]
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An example of anti-neutrino candidate event

This event was connected to INGRID using emulsion shifter time information. Track colors refer to film number of ECC.

Event 2354011

- Reached the downstream end of INGRID planes
- 25.4mrad kink between ECC film15 and film 14
- no other tracks attached to the kink point

-
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Z[um]

p_[GeV/c] | Rangein iron (ECC +INGRID) [ci] EI_ e

-0.2344 -0.4331 0.841 +0.090 315 3.7
0.1501 0.1270 1.730 *0412 o 62.2
-0.2737 -0.3247 0.261 +0.032 8.8 3.6
-0.3051 -0.3216 0.092 +0078 0.10 0.05
-0.3330 0.0341 0.368 +0.033 26 3.5

>/

Event topology is clearly matched.
0.6

88.5 Expected range for each track
551.9 Is consistent with INGRID hits.

0.5 15




An example of anti-neutrino candidate event

This event was connected to INGRID using emulsion shifter time information. Track colors refer to film number of ECC.

Event 2354011

- Reached the downstream end of INGRID planes
- 25.4mrad kink between ECC film15 and film 14
- no other tracks attached to the kink point

—50 —40 —30 —20

Track # tan’ y [rad] tan‘y [rad] | pi [GeVic] Range in iron (ECC + INGRID) [cm] | PID IP[>m]

0.841 +0.090 SRS ' Event topology is clearly matched.
1.730 *0412 62.2

0.261 +0.032 88 3.6 - : Expected range for each track
0.092+008, . 0.0 0.05 - : Is consistent with INGRID hits.

0.368 +0.033 26 3.5 : 16



