
1

Neutrino Experiments Neutrino Experiments 

with Nuclear Emulsionwith Nuclear Emulsion

福田 努 （東邦大学）

第22回 ICEPPシンポジウム, 2016年2月29日, 白馬村岳美荘

-- OPERA & JOPERA & J--PARC T60 PARC T60 --

Tsutomu Fukuda (Toho Univ.)



2

Result from OPERAResult from OPERA
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5.15.1σσσσσσσσ

arXiv:1507.01417
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The OPERA experimentThe OPERA experiment

CNGS neutrino beam

<Eν>＝17GeV

Verification of neutrino oscillation

with ννννττττ appearance
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Emulsion + 

Target Tracker
Muon

spectrometer
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The OPERA DetectorThe OPERA Detector

~20m

OPERA film
Lead plate

νννν

ECC:

~150,000

(1.25kton)
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Refresh Refresh 900900万枚のフィルムのノイズ消し万枚のフィルムのノイズ消し
Facility 建設＠東濃鉱山
2003.8～

作業ルーチン化R&D
2003.12～

大量処理
2004.4～

me
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TT

CS

Neutrino Neutrino Neutrino Neutrino Neutrino Neutrino Neutrino Neutrino 
event analysisevent analysisevent analysisevent analysisevent analysisevent analysisevent analysisevent analysis

Scan Back location & Decay search

Scan 1cm×1cm around vertex

Pick up track chains

Search vertex topology
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CommissioningCommissioning--20062006
CERNからニュートリノビームをテスト照射。
OPERAで初めて原子核乾板上にニュートリノ反応からの飛跡を検出。

20m

νννν

CERN

’06 9/7

track is found !

（9/7 19:23）

80µm

Track in CS

20m ���� 1μμμμm

New J. Phys. 8 (2006) 303
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Technical improvementsTechnical improvements
• Challenge in OPERA �大量のフィルム解析

SUTS
High speed scanning

Compton Alignment

Precision alignment
Track Ranking

High S/N discrimination

x 60 x 10 x 100

108 trks

~4.8h/film

100keV電子

環境放射線によるノイズ飛跡を用いて
フィルム間の精密アライメント

Allowance: 30μμμμm ���� 10μμμμm

σ=7.6μm σ=2.0μm

直線性と濃さを総合評価し、シグナル
飛跡らしさを定量化。

シグナルシグナルシグナルシグナル98%, ノイズノイズノイズノイズ1%

流し撮りによる読み取りの高速化

T.Nakano et al., JINST 5:P04011 (2010). S. Miyamoto et al., NIM A 575 (2007) 466. T.Fukuda et al., JINST 5:P04009 (2010).
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Analysis statusAnalysis status
• νbeam：5year (965days),
17.97 x 1019 p.o.t. (80% of proposal)

• 7041 neutrino events located.

6682 events decay searched.

2010 2012 2013

2014 2015

τ→3h τ－→μ－

τ→1h τ→1h

τ →ρ →1h1π0

5ντ反応検出!!

Phys. Lett. B 691 (2010) 138. JHEP 11 (2013) 036. Phys. Rev. D89 (2014) 051102.

PTEP 2014.101C01. Phys. Rev. Lett. 115, 121802 (2015).
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Analysis statusAnalysis status
• νbeam：5year (965days),
17.97 x 1019 p.o.t. (80% of proposal)

• 7041 neutrino events located.

6682 events decay searched.

2010 2012 2013

2014 2015

τ→3h τ－→μ－

τ→1h τ→1h
5ντ反応検出!!

τ →ρ →1h1π0
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5thντ event

• 全てのTopology, kinematical cut をクリア
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Background reductionBackground reduction
• 核破砕片探索によるハドロンの2次反応バックグラウンドの低減

150 μm

Black : experimental data

Red : simulated data (β= p/E = 0.7)

Probability of associated

Nuclear fragments

大角度飛跡自動認識装置大角度飛跡自動認識装置大角度飛跡自動認識装置大角度飛跡自動認識装置のののの開発開発開発開発

FTS

核破砕片があればハドロン２次衝突反応→無ければ崩壊事象

大角度飛跡を自動検出できる装置を新たに開発し、実際にハドロン反応の核破砕片付随率を実験で導出。
検出したタウニュートリノ反応に適用し、全てのイベントに核破砕片が付いていないことを確認した。

T.Fukuda et al., JINST 9:P12017 (2014). H. Ishida et al., PTEP 2014. 093C01.
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Energy distribution of ντevents

Oscillation analysisOscillation analysis

• 5 ντevents検出。BG=0.25 events.
�バックグラウンドで説明できる確率＝1.1 X 10‐7

� Significance = 5.1 σσσσ, Discovery of ννννττττAppearance !

Expected signal and background events for the analyzed data sample

Estimation of ΔΔΔΔm23
2

[2.0, 5.0] x 10-3 eV (90% C.L.)

(full mixing を仮定して)
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Looking back to XX centuryLooking back to XX century……

done

Next step Next step Next step Next step Next step Next step Next step Next step …… !!!!!!!!!!!!!!!!
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Status of JStatus of J--PARC T60PARC T60
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JJ--PARC T60PARC T60

A collaborative project with some 

member of OPERA and T2K

PI : T. Fukuda (Toho Univ.)
� tsutomu.fukuda@ph.sci.toho-u.ac.jp

Future Physics goals • Neutrino Cross Sections

• Sterile neutrinos

MiniBooNE

New experimental program to 

study low energy neutrino int. 

with nuclear emulsion at J-PARC 

was proposed.

T60 is a first step of this series.
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RoadmapRoadmapRoadmapRoadmapRoadmapRoadmapRoadmapRoadmap

• The aim of T60 is a feasibility study and detector performance check
to make a future plan.

• We will expand the scale of detector gradually, step by step.

Preliminary measurements RUN

Detector RUN

Physics RUN ⅠⅠⅠⅠ

Physics RUN ⅡⅡⅡⅡ

Neutrino-nucleus interaction study

Search for sterile neutrino

J-PARC T60 experiment

Detector performance check

Feasibility study at J-PARC

F
u

tu
re

 p
la

n

Target mass: 30- 60kg

Target mass: 100- 300kg

Target mass: 1- 3ton

Target mass: 6-10ton
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Status of T60Status of T60
Emulsion film production

by ourselves
Installation @J-PARC

2014. Nov – 2015. Mar

Hybrid analysis with INGRID

Feasibility study: 2kg Iron target ECC
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Status of T60Status of T60
Emulsion film production

by ourselves
Installation @J-PARC

2014. Nov – 2015. Mar

Hybrid analysis with INGRIDProton identification Time resolution

Feasibility study: 2kg Iron target ECC
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Status of T60Status of T60
Water target emulsion chamber

νννν- int. ���� 6 events Water region : 2 events

Tracker region : 4 events

First observation of First observation of νννννννν -- Water interactions withWater interactions with Emulsion DetectorEmulsion Detector

proton

(Range~2cm)

2015. May - Jun

Emulsion films (vacuum packed)

Frame type

plastic spacer
( 2mm thickness)

Feasibility study: 1.5kg Water target ECC
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Status of T60Status of T60
2016. Jan -

Detector Run: 60kg Iron target ECC

� Data – MC comparison with high 

statistics to check the performance.

INGRID

νννν

PM

Detector installation (Jan.19)
νννν exposure : 2016 @SS floor

end of Jan.� beam end

・ Iron target (total~60kg : 500μm seg.)
・ High statistics (4-6k νμevents)
・ ννννe detection (30-40 νe CC events)
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SummarySummary

• OPERA successfully collected data from 2008 to 2012. A total 
number of 17.97 x 1019 p.o.t. integrated (~80% of the nominal value).

• 5ννννττττ candidate events were found with 2.6 signal and 0.25
background events expected in the analyzed sample.

• Significance of the observation is 5.1σσσσ
� DiscoveryDiscovery of of ννννννννττττττττ appearanceappearance in the CNGS beam.

OPERAOPERA

• We are planning neutrino experiments at Jat J--PARCPARC to study low 

energy neutrino - nucleus interactions with nuclear emulsion.

• First of all, we are carrying out a test experiment at J-PARC (T60T60) 
to check the feasibility and detector performance.

• We demonstrated neutrino event analysisneutrino event analysis, hybrid analysishybrid analysis with 

T2K near detector and detection of νννννννν--water interactionswater interactions.

• We will check the detector performance with high stat. and establish 

a detailed plan for physics run.

JJ--PARCPARC
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HadronHadron Production measurementsProduction measurements
• To reduce uncertainly of neutrino flux (accelerator ν, atmospheric ν)
• Several – 10 GeV/c hadron interactions is studied with nuclear emulsion.

• First, target is Carbon. Then Iron, Aluminum will be performed.

• We plan to expose hadron beam at Fermilab/CERN in the near future.
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＋＋＋＋ KEK, Nagoya U., Kobe U., Nihon U.


