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The OPERA experiment was designed to search for ©, — v, oscillations in appearance mode, Le., by
detecting the t leptons produced in charged curmrent v interactio iment took data from 2008 to
2012 in the CERN Neutrinos to Gran Sasso beam. The obse B appf:araﬂce, achieved
with four candidate events in a subsample of the data, was p this Letter, a fifth v,
candidate event, found in an enlarged data sample, is described. gﬂﬂlﬂl‘ wﬂh a further reduction of the
expected background, the candidate events detected so far all 5 t0 assess ﬂlﬂ@lscnvﬁr}r of v, » v ]
oscillations ir{ appearance mode with a significance larger than jﬂ)

DOL: 10.1103/PhysRevLett.115.121802 PACS numbers: 14.60.Pq

(OPERA Collaboration) arXiv:1507.01417




The OPERA experiment

Oscillation Project with Emulsion tRacking Apparatus
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Neutrino oscillation (disappearance) Direct observation of v_ events
Result from SK in 1998 Result of DONuT in 2001
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The OPERA Detector
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The OPERA Detector
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Neutrino Scan 1cm 2o
event analysis

Scan Back location & Decay search

Event: 237566781, 30 Oct 2008, 04:31 {UTC), XZ projection

Search vertex
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Technical improvements

» Challenge in OPERA > KEMD T4 JL LR
SUTS

High speed scanning
x 60
pLRuEan

Compton Alignment
Precision alignment
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Analysis status

* VYV beam:Syear (965days),
17.97 x 107 p.o.t. (80% of proposal)

« 7041 neutrino events located.
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Analysis status

* VYV beam:Syear (965days),
17.97 x 107 p.o.t. (80% of proposal)
7041 neutrino events located.

6682 events decay searched.
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Backeground reduction
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Oscillation analysis

Expected signal and background events for the analyzed data sample

Expected background . 1
e Charm Had. re-interac. Large p-scat. Total 22 A (0 e
7 — 1h [0.017 4+ 0.003 0.022 4 0.006 - 0.04 + 0.01 0.52 4+ 0.10 3
T—3h| 0.17£0.03 0.003 £ 0.001 - 0.17 £ 0.03 0.73£0.14 1
T — p |0.004 £ 0.001 — 0.0002 £ 0.0001 0.004 £ 0.001| 0.61 £0.12 1
T—e | 0.034+0.01 - — 0.03 + 0.01 0.78 £ 0.16 0
Total | 0.22 +0.04 0.02+0.01  0.0002 £ 0.0001C0.25+ 0.05 » 2.64 & 0.53 (5)

« 5 v _events &, BG=0.25 events.

Energy distribution of v _events [

> INVD ISR TEHRATESEER=1.1 X107
- Significance = 5.1 o, Discovery of v _Appearance !
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2015 NOBEL PRIZE IN PHYSICS

Takaaki Kajita
Arthur B. McDonald

Scientific Background on the Nobel Prize in Physics 2015

NEUTRINO @QSCILLATIONS

compiled by the Class for Physics of the Royal Swedish Academy of Sciences

Super-Kamiokande’s oscillation results were confirmed by the detectors MACRO [55]

[61]. Appearance of tau-neutrinos in a muon-neutrmno beam has been demonstrated on

and
Soudan [56]. by the long-baseline accelerator expermments K2K [57], MINOS [58] and T2K
[59] and more recently also by the large neutrino telescopes ANTARES [60] and IceCube

dil

event-by-event basis by the OPERA experiment in Gran Sasso. with a neutrino beam from

CERN [62].




Looking baclk to XX century...
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Status of J-PARGC 160




J-PARC 160

Future Physics goals

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.

Working group

Experimental site, Neutrino beam

T2K near detector

T2K near detector

Nihon Univ.

Emulsion development

Nagoya Univ.

Film production system
Scan

Management,
Film production, Scan

A collaborative project with some
member of OPERA and T2K

Univ. Tokyo

Kyoto Univ

Kobe Univ.

Emulsion Shifter

PI : T. Fukuda (Toho Univ.)

* Neutrino Cross Sections
» Sterile neutrinos
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Detector
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KHoadmap

Preliminary measurements RUN

{BN J-PARC T60 experiment
Detector RUN

* Target mass: 30- 60kg

Physics RUN 1

\

Physics RUN I

The aim of T60 is a and
to make a future plan.

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

Target mass: 100- 300kg

Future plan

Target mass: 6-10ton

21




2014. Nov - 2015. Mar

Sta tLIS Of T50 Feasibility study: 2kg Iron target ECC

Emulsion film production InSta"ation @J'PARC Subsidiary detector Muon ID

(Emulsion Shifte'r)

ING RID

Emulsion film

(41films) | Smm hour min. SEC.

Pilot anaIyS|s Multi-track vertex Searcb Hybrid analysis with INGRID ____

Selection : \ e ——
Search plate = PL10-PL36 N P N
- . e 3 > e —————————
Minimum hit plates of tracks > 6 i o @ : : i d
Position & angle allowance for track connection 1 14+12 cm in Iron@ 7t Iron 6.5x9=58.5cm
= up to 30 of 500MeV/c
4 track vertex — 1 Bl 157, .cminlron@P
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2 track vertex — 6 \< i \ Jrim
4 1 ¥ e
\ MR
\ % T
P~ 2 Vil
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Event topology is clearly matched. (S0 [ | 1) S ][R g

Expected range for each tracks is
consistent with INGRID hits.

Exbected v int. ~ 10 events for this selection
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2014. Nov - 2015. Mar

Sta ZZIS Of T60 Feasibility study: 2kg Iron target ECC
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2015. May - Jun

Sta tLIS Of T60 Feasibility study: 1.5kg Water target ECC

Water target emulsmn chamber

Frame type

| plastic spacer
~ (2mm thickness)

Interacted in 3 ” Interacted in
water region — = tracker region

v -int. > 6 events < Water region : 2 events
Tracker region : 4 events

mulsion Detector




2016. Jan -

Sta tLIS Of T60 Detector Run: 60kg Iron target ECC
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Summary

OPERA

 OPERA successfully collected data from 2008 to 2012. A total
number of 17.97 x 10"° p.o.t. integrated (~80% of the nominal value).

9 v _candidate events were found with 2.6 signal and 0.25
background events expected in the analyzed sample.

- Significance of the observation is 5.1 o
> Discovery of v _appearance in the CNGS beam.

J-PARC

«  We are planning neutrino experiments at J-PARC to study low
energy neutrino - nucleus interactions with nuclear emulsion.

- First of all, we are carrying out a test experiment at J-PARC (T60)
to check the feasibility and detector performance.

« We demonstrated neutrino event analysis, hybrid analysis with
T2K near detector and detection of v -water interactions.

« We will check the detector performance with high stat. and establish
a detailed plan for physics run.




Hadron Production measurements

« To reduce uncertainly of neutrino flux (accelerator v , atmospheric v )
« Several — 10 GeV/c hadron interactions is studied with nuclear emulsion.
» First, target is Carbon. Then Iron, Aluminum will be performed.

Hybrid Emulsion Detector

Detector that uses emulsion film tracking is being developed by ICRR, Kavli IPMU,
Kyoto U., Toho U. + KEK, Nagoya U., Kobe U., Nihon U.

— Minimize material between tracker and target (large systematic effect for HARP)
— Compact size detector can be moved between different beam lines
— Detailed measurements of interaction topologies

Emulsion detector tracks connected to upstream and downstream particle ID detectors
by silicon strip or pixel detectors

moving
Silicon moving magnet Silicon/Fiber Detector

gas cherenkovor  Detector Al [
T : £ It S
ring imaging cherenkov Emulsion Taraet I
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