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Study of neutrino-nucleus interactions 

with nuclear emulsion at J-PARC



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  cross sections.

¸ Cross sections depend on target nuclei.

¸ Typical energies in many neutrino oscillation experiments are around                     

sub GeV to multi GeV region.

2

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)
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Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

ÅThe NINJA detector is set on the SS floor and B2 floor at 

J-PARC neutrino facility near detector hall.

ÅUsing emulsion detector (ECC)                                                               

and various target material (ex. H2O, Fe, C)



Nuclear emulsion detector
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ÅPhotographic films (sensitive for MIP)

ÅSub micron spatial resolution by 1 film

Good two-track separation

ÅdE/dX estimation by Blackness of tracks

(Grain density and Volume Pulse Height)

Good ̫/p separation 

Emulsion layer

Emulsion layer

Polystyrene base180̧m

60̧m

60̧m

X

Z

̣

We will apply various techniques developed in OPERA  to detailed 

studies of neutrino nucleus interactions in the sub-multi-GeV region.

The nuclear emulsions have a sub-micron spatial resolution and an 

excellent two-track separation. Therefore, a ne CC interaction can be 

identified with low background, a major part of which originates from 
0́ -> two gamma produced in a nmNC interaction. This is a strong 

point of an emulsion detector in the search for sterile neutrinos.

̫ 0.6GeV/c

Proton 0.6GeV/c 

Low BG from nmNC p0 production

2 layers in 1 film -> slope information 



Emulsion Cloud Chamber (ECC)
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ÅECC brick structure as a unit of target and detector

A sandwich of various material plates interleaved with films.

  Study of neutrino-Fe/C/CH/H2O interactions etc. 

  Estimate of momentum (p̝) 

by the MCS measurement

(Measurement accuracy 20%)

 Estimate of Kinetic energy 

by the Range measurement (Eth. 10MeV)

Measurement error and Eth. depend on the thickness of target material

t
Flight Length 280um

nt

a DONuTntevent

1mm

Emulsion film

DONuT : 1mm-iron plate

OPERA : 1mm-lead plate

NINJA   : 0.5mm-iron plate

2mm-water filled spacer

Emulsion film



Conceptual design of the NINJA detector

6

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

SS floor @J-PARC  (Jan. 2016)

INGRID

SS floor @J-PARC

(Jan. 2015)

2kg iron target ECC

n

target

30



Roadmap of the NINJA experiment
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Neutrino - nucleus interaction

study

Search for sterile neutrinos

Data MC comparison 

Feasibility study at J-PARC

Target mass: 4 - 60kg

Target mass: 100 - 300kg

Target mass: 1 - 3ton

Target mass: 6 -10ton

Pilot run

Detector run

Physics run 

Physics run 

J-PARC T60/T66

Target mass: 1 2kg

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

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



Pilot run ( 2kg Iron ECC + Shifter + INGRID)

T. Fukuda et al.
PTEP (2017) 063C02.

Y. Yamada et al.
PTEP (2017) 063H02.

Time resolution for emulsion tracks

Event topology is clearly matched.

Expected range for each track is consistent with INGRID hits.

Iron 6.5 9 = 58.5cm
Iron 0.7cm

P (0.27 GeV/c)

̫/̧ (0.30 GeV/c)

̫/̧ (2.21 GeV/c)

̫/̧ (1.09 GeV/c)

Anti-neutrino

13.8 1019 POT

41 Emulsion films 

and 40 Iron plates

( 2kg Iron target)

In this run we detected 12 

neutrino event candidates with 

the direct vertex hunting and we 

confirmed that tracks recorded 

in ECC can be connected to 

INGRID by using the multi-

stage emulsion shifter.

With these results, we decided 

to carry out the detector run.

These results are summarized 

in two PTEP papers.
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Feb. to Apr. 2015. 

d̮t = 7.9 sec



Pilot run ( 1.5 kg Water ECC)
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May 2015 (Anti-neutrino, 8.0 1019 POT)

Dec. 2016 - Apr. 2017 (Neutrino, 5.9 1020 POT)

Emulsion films (vacuum packed)

Frame type

plastic spacer
( 2mm thickness)

Pouring water

Sandwich structure of Emulsion films 

and Frame type spacers 

First detection of anti neutrino - Water interaction 

using Emulsion Detector

tanɗx, tanɗy= -0.040, 0.845 M.I.P

tanɗx, tanɗy= -0.589, -0.074 proton

Minimum distance( ΅ )=2.4um, depth=620um

2mm thick frame type acrylic spacer interleaved with vacuum 

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

We made first detection of a neutrino-water interaction using ECC. 

This is a demonstration that neutrino-water interactions can be 

studied in this way.



Anti neutrinos

INGRID

Emulsion shifter (High sensitivity)

Iron ECC
(Middle sensitivity)

Cooling shelter ( 10 )

Exposure period

31th Jan. 2016 27th May 2016

Anti neutrino beam

POT  =  4 1020

T2K Near detector hall On Axis

ECC structure

25cm 25cm 0.5mm Iron 22 plates and

Emulsion film 23 films

12 stacks

fiducial target mass 60kg

Expected 

3k anti ņevents      

20 anti ne CC events

10

25cm

25cm

2cm

0.3mm Film

23 plates

0.5mm Iron

22 plates

The emulsion films were made by ourselves.

To get a sufficient amount of target mass to make a 

comparison between data and MC, large ECCs were made.

Detector run (60kg Iron ECC)



Anti neutrinos

INGRID

Emulsion shifter (High sensitivity)

Iron ECC
(Middle sensitivity)

Cooling shelter ( 10 )

Exposure period

31th Jan. 2016 27th May 2016

Anti neutrino beam

POT  =  4 1020

T2K Near detector hall On Axis

11

25cm

25cm

2cm

0.3mm Film

23 plates

0.5mm Iron

22 plates

Tracking efficiency 95%(taṇ<0.6)  for almost all films.

To get a sufficient amount of target mass to make a 

comparison between data and MC, large ECCs were made.

Detector run (60kg Iron ECC)



Proton identification CR and sand muon

in an ECC

Proton

Muon

p m̝easurement by the MCS method

Multiple Coulomb Scattering

Ą momentum measurement

Measurement accuracy 

~ 20% (depend on number of plates)

Blackness of tracks : average number of pixels

Num. of plates 10

Measured dE/dX vs. p̝ is 

consistent with theoretical values

Good MIP/proton separation in 

the low momentum region.

This result contribute to particle identification.

Most of tracks recorded in the ECC are almost all CR and 

beam associated muons.  Using measurement of Multiple 

Coulomb Scattering angle of these tracks, we could estimate 

their momentum p̝.
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Blackness of track are proportional to dE/dX.
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Multi-track vertex search
1048 multi prong event candidates

Multiplicity 3, IP 20̧m (3̮ of 400MeV/c), attach partner IP 50̧m

Track multiplicity

(VPH>100)
(VPH<100)

Impact Parameter ( m̧)

(VPH>100)
(VPH<100)

Expected  total  3,000 events

Search  area extension     Ą ~1.2

Search 2 prongs Ą ~1.7

Single prong start track     Ą ~1.7

25cm

Low energy proton candidate

Ą Range measurement

10MeV

10          20 30

Range in iron [mm]

Ek [GeV]

1.363mm  26MeV

Tracks are assumed 

to be proton

Include evapo ated nuclear fragments

(~85 of whole volume)

BKG is under estimation
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An example of anti-neutrino candidate event Preliminary result

#1

#2

#3-1

e-pair

#4

n

Vertex

PL54

PL01#2
#4

#1#3

#3-2
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An example of anti-neutrino candidate event

#2

#1

#3-1

#3-2 stop in ECC

#4

e-pair

- Reached the downstream end of INGRID planes

- 25.4mrad kink between ECC film15 and film 14

- no other tracks attached to the kink point

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

Event topology is clearly matched.

Expected range for each track 

is consistent with INGRID hits.

Track # tan X̒ [rad] tan Y̒ [rad] p [̡GeV/c] Range in iron (ECC + INGRID) [cm] PID IP[ m˃]

1 -0.2344 -0.4331 0.841 ±0.090 31.5 3.7 /̄˃ 0.2

2 0.1501 0.1270 1.730 +0.412
-0.308

62.2 /˃ˉ 0.6

3-1 -0.2737 -0.3247 0.261 ±0.032 8.8 3.6 e+/e- 88.5

3-2 -0.3051 -0.3216 0.092 +0.078
-0.076

0.10 0.05 e+/e- 551.9

4 -0.3330 0.0341 0.368 ±0.033 2.6 3.5 /̄˃ 0.5

Iron part 6.5 9 = 58.5cm

Preliminary result
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An example of anti-neutrino candidate event

#2

#1

#3-1

#3-2
#4

Iron part 6.5 9 = 58.5cm

e-pair

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

- Reached the downstream end of INGRID planes

- 25.4mrad kink between ECC film15 and film 14

- no other tracks attached to the kink point

Event topology is clearly matched.

Expected range for each track 

is consistent with INGRID hits.

Track # tan X̒ [rad] tan Y̒ [rad] p [̡GeV/c] Range in iron (ECC + INGRID) [cm] PID IP[ m˃]

1 -0.2344 -0.4331 0.841 ±0.090 31.5 3.7 /̄˃ 0.2

2 0.1501 0.1270 1.730 +0.412
-0.308

62.2 /˃ˉ 0.6

3-1 -0.2737 -0.3247 0.261 ±0.032 8.8 3.6 e+/e- 88.5

3-2 -0.3051 -0.3216 0.092 +0.078
-0.076

0.10 0.05 e+/e- 551.9

4 -0.3330 0.0341 0.368 ±0.033 2.6 3.5 /̄˃ 0.5

Preliminary result


