R FZEZIRICKD=2—F) /BT

Study of Neutrino with Nuclear Emulsion

el & (EFHKZF)

Tsutomu Fukuda (Toho Univ.)

F21M ICEPPL VR L, 2015428108, B EFEEFE



* Nuclear Emulsion
» Result from the OPERA experiment

* New Neutrino Experiment at J-PARC






What is Nuclear Emulsion ?
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3D tracking detector with submicron position accuracy
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Photographic Film technology '\

* Nuclear Emulsion is a special photographic film.
« Signal is amplified by chemical process.

Resolution of 0.3 ym -

50 micron

|
Recorded as silver grains ~
along the particle passing through line -

Merit Image detection

resolution | EPTRILF—DEITIEZERILEFIALIAIEERIE,

Digital camera | Real time | Ef#&&%F (Charged-Coupled Device)
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Contribution for fundamental R 1
physics
1896 (A. H. Becquerel )

Discovery of Radioactivity

1947 (C. F. Powell et al.)
Discovery of ©

1971 (K.Niu et al.)
Discovery of charm particle
In cosmic-ray

2001 (K.Niwa et al.)
Direct observation of V_

Flight Length:280um
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The OPERA Detector
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The OPERA Detector
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Neutrino

event analysis

Scan Back location & Decay search

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




Analysis Status

Beam: 5year (965days),
17.97 x 1019 p.o.t.
80% of proposal.

Location & Decay Search:
6636 neutrino events located .
6190 events decay search done.
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t—>1h decay channel, signal distribution

and the values of this event.
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Neutrino Oscillation Analysis

Decay channel Signal expectation Total background Observed events
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First measurement of An¥y, S

w. / I/’ V z app earance MINOS (anti-nu atmospheric)
MINOS (anti-neutrino)

Am3 :
N, x ¢(E)sin® ( Ms2 ) (E)a(E)dE MINOS (nu atmospheric)

f f /A MINOS (atmospheric)

T2K
90% CL intervals assuming sin?(26)=1

MINOS (2v, maximal mixing)
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OPERA detector

Application of large angle tracking technique
developed for OPERA BKG study

@ v,appearance event search in
atmospheric neutrino oscillation
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Study of neutrino with Nuclear Emulsion

Target mass
« 1978-1983 Fermilab E531 ~ 100kg

charm physics, v , 2 v _ oscillation

* 1990-2000 CERN WA95 CHORUS ~1ton

v ,=2 v . oscillation, charm physics

T

e 1994-2001 Fermilab E872 DONUT ~ 1 ton

First v _ observation

T

1250 ton

v > v _ oscillation, v

u

- v . osclillation

u
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Introduction

We are planning new experiments at J-PARC to study low energy
neutrino interactions by introducing

The emulsion technigue can provide good measurements with

Physics motivation is a detailed (exclusive) study of low energy

and

o-(cmz)
— e —

NOMAD data with total error
§¢iBooNE data with preliminary error
RFG model with M aﬁ=1'“3 GeV, k=1.000
RFG model with M}'=1.35 GeV, k=1.007

6
4
2
0
8
6
4
2
0
10



Technical improvement

Readout technique

High Speed Scanning
P : = T

Detector technique
High Sensitive film
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Advantage of Emulsion

SyStematiC analysis Wlth SUb'micron pOSitiOﬂ resolution Multiplicity Topologica!anglysis of hadron interactions in an ECC brick

Reconstruction of track data | 1 2Gev/e | ;-
|
|
|
l

Hadron
Error bars: Data |
beam Histogram : MC

\\ Kink angle (1-prong)

/| L\
vent by event basis \

430MeV/u 12C
~1200024

CEPEEEEETEEE TR e e e e e 1

y/ electron ID v, CC event in OPERA  Low background

Microscopic image from W i from v,NCn® production

the view of the beam axis a4l H

y—>ete- electron iﬁiﬂﬁ
_/,..;%:'_ UL Primary electron track is
‘ |« 1 [T =se. . ODbserved as aisolated track,
e — | =« notas a pair of tracks.
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Preliminary measurements RUN

Future plan l

Detector RUN Detector performance check

Physics RUN I

\

Physics RUN II

e Theamof T6O is a

J-PARC T60 experiment

Target mass: 10- 30kg

Neutrino-nucleus interaction study
Target mass: 100- 300kg

Search for sterile neutrino

Target mass: 1- 3ton | depend on
Target mass: 6-10ton sensitivity

to make a future plan.

 We will expand the scale of detector gradually, step by step.
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J-PARC T60 experiment

< ha
4sY-Prrc
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ND28o floor

Proposal of an emulsion-based test experiment at J-PARC

Off-Axis Exclusive summary

?;é‘;cs%’)’ A test experiment is proposed that equips Emulsion Cloud Chamber as a main detector

in order to investigate environmental and beam associated background at the T2K near

detector hall in J-PARC, optimal detector structure, and performance of newly

SS floor I VAT developed nuclear emulsion gel. The aim of the experiment is a feasibility study to make

(INGRID) a future experimental plan for the study of low energy neutrino-nucleus interactions

.
°

e and the exploration of a sterile neutrino.

J-PARC PAC endorsed as a test experiment (T60).

Working group

[(9-PARC )

L ' i Experimental site, Neutrino beam
1+ He OA 0.0° - —L - —
- %2 OA 2.0° - (Nlhon Unlv.J (Unlv- TokyoJ
/_:" = - (=1 - ., .
- L &}30{? 2.3 i Emulsion development T2K near detector
-
- Off-axis | |
© (Nagoya UnivJ [Kyoto Unlv.)
r 4
Film pr.oduction system T2Z2K near detector
S‘oan /
(Toho Univ. l (Kobe Univ)
E, (GeV) Management, Emulsion Shifter

Film production, Scan

A collaborative project with some member of OPERA and T2K



Preparation of emulsion films

Nuclear emulsion gel pro
system at Nagoya Univ. ||

.ad -

Emulsion coating

!; xf;

AL A
i C'ating table

=] *‘ : =
=7
o \ PRt

180 um

6 batch were produced.

Emulsion coating:

Both sides of plastic base
28




Nuclear emulsion films for T60

Initial performance:
efficiency and noise density measurement based on grain counting.

e Grain Density

e Fog Density
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Nuclear emulsion films for T60

Aging characteristics (fading effect):
efficiency and noise density measurement based on grain counting.

Grain Density
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T60 detectors
-

p T —

Small films for condition monitoring

Conceptual design

Subsidiary detector
(Emulsion Shifter)

*
*

INGRID

Track matching between ECC and — Monitoring samples were also
INGRID by timing information placed in front of the INGRIDs.




Future prospects

Preliminary measurements
(T60) Now we are discussing about

some physics targets.
Detector Run Advices for target physics are

(Water & Iron target) very welcome !

Water target: Air + magnetic field:
neutrino — nucleus int. neutrino beam study, tech. R&D

study (v./v, separation)

_ Nano Imaging Tracker target:
Iron target' first observation

Sterile neutrino search neutrino nucleus coherent scattering
32




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).

4 v_candidate events were found with 2.1 signal and 0.23
background events expected in the analyzed sample.

Significance of the observation is 4.2 o
> Observation 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 carry out a test experiment at J-PARC (T60) for the
feasibility study.

We confirmed that the initial quality and the aging characteristics of
newly produced emulsion films is kept good sensitivity & low noise.

We will modify and confirm the details of next run based on the
analysis result of T60.

33






First observations of the deeay of a m-meson

r FfRlFOER

Gz ) =R F)

1935 ;;,JII***T
':PFEE]? fZDDBENFELT.BEEN
EFD200~-300{EDHFNFET RE)

—_CuN FRiE
BEFIFRAGL,

1937 Anderson, Neddermeyer (3£58)
?ﬁﬁﬂlﬂl HRF (RFTupaF)zRE,
B=XGINDFEEBYEN. WELED
RIGErmEENNSBES,

1043 REE— H LE-B)ILFE
ZHRAF R (Top+v) ?t.a__;,‘l

1945 Coversi b
uETTD RER

1947 Powell 5 THRIFHZIE
FZETOFERDOPICTou+VD LCHitR

BRIRBEREHER.

1949 5l /—/\)[,
Powell

s, MrirnEAD, OCCHIALINT
'oWELL; Nature 159, 694 (1947).




JRFAZEZAR(Z J:éx:lu%m%ﬁ

AREDFry—LAF

1970, Fik—INER2Z a4 E
AASERHE+ BT
EFRERIIBTOEERIHKICAxE ) FEECCHEINDRR

[2&oTEHEN T -, BRIZIZKEL (Emulsion Cloud Chamber)

RN EL, FEEZFALTLV =, .



OPERA film [&. Fuji Film O TS5,

{5 F#E

59 films X 150,000 Bricks ~ 9,000,000 films
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OPERAZECCT®D
RHTEA\R O RIS D fEHT

« 2-10GeV/c n-MEvent by event M FE#A%: I is R 1T

Reconstruct‘ion Qf track data

Reconstructed
tracks

Total track
length

584 tracks 913 tracks 2205 tracks

8.5m 12.6 m 38.5m

Interactions 77 events 68 events 173 events

Analysis on Multilici
an event-by-event basis e

50 &

Number of events
Number of event:

Number of events

| ) Error bars : Data
AN Histogram : MC

6 10

3 4 H 6 E
Number of forward tracks Number of forward tracks
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Number of events
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Objective lens CMOS Camera
Nikon CFI Plan x50 Mikrotron
oil immersion lens Eosens MC 1362
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Automatic Track recognition using
(T. Fukuda et al., 2013 JINST 8 P01023 )
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Detector Run (2015)

« We are planning a next exposure for “Detector Run” after summer
shut down. (parasitically exposure with T2K (ex. Oct. 2015 ~ Matr.
2016))

 We are considering to set the water target ECC for the detector
performance check to study v—H,O reaction in low energy region.

*  We will submit this proposal to J-PARC PAC before this July.

Emulsion films Iron plates

Detector consideration ““I““
4+——>

Film size
T60 X 5

PP g Water tank 61 emulsion films
(25cm x 25 cm x 28cm) 60 iron plates
Ocm 100 emulsion films  |ron mass: 15kg

+—>

12.5cm > H,O target mass: 15kg . Momentum, Range

dE/dX measurement
- Particle ID (p/n/e)




