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Nuclear emulsion

NUCIGar emUISion iS 3D traCking deteCtor Contribution for fundamental

physics
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Neutrino experiments with nuclear emulsion Target mass

* 1978-1983 Fermilab E531 alllYYC¢H Discovery of v - appearance

charm physics, v , > v , oscillation

2001

* 1990-2000 CERN WA95 CHORUS ~ 1 ton

v ,~2 v . oscillation, charm physics

* 1994-2001 Fermilab E872 DONUT ~ 1 ton

First v . observation

1250 ton ;
v,V oscillation, v 2 v, oscillation Submitted to PRL (arXiv:1507.01417




Motivation

« We are planning new experiments at J-PARC to study low energy
neutrino interactions by introducing nuclear emulsion technique.

 The emulsion technique can provide good measurements with

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

and
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NOMAD data with total error
SciBooNE data with preliminary error
RFG model with ‘“a =1.03 GeV, kx=1.000
RFG model with .\-[Af=l.35 GeV, x=1.007
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Advantage of Emulsion
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J-PARC T60 experiment

Vay

!,‘-FHHE Proposal of an emulsion-based test experiment at J-PARC
Off-Axis _
Detector Exclusive summary

NDEBO floor (ND280)

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 Lilole 1@ On-Axis Monitor

(INGRID) developed nuclear emulsion gel. The aim of the experiment is a feasibility study to make

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

= & and the exploration of a sterile neutrino.

Working group

(9-PARC ]

Experimental site, Neutrino beam
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'l i ann. = (Nihon Univ.) (Univ. Tokyo)
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S 05 i — (Nagoya Unle (Kyoto Unlv)
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I Film pr‘oduotion system T2Z2K near detector
) Scan
; (Toho Univ. l LKobe Unle
v E, (GeV) > } Management, Emulsion Shifter

Film production, Scan

A collaborative project with some member of OPERA and T2K.
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Roadmap

Preliminary measurements RU

Future plan l J-PARC T60 experiment
Detector RUN

* Target mass: 10- 30kg

Physics RUN I

\

Physics RUN II

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

« Theaimof T60 is a to make a future plan.
« We will expand the scale of detector gradually, step by step.
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Preparation of emulsion films

Nuclear emulsion films were made by ourselves
in this time.

Emulsion coating

180 ' m

_ : ) - S Emulsion coating:
@Nagoya Univ. - Both sides of plastic base




Performance of emulsion

Initial performance for each production batch
Run4 Run5
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Detector install and Run

Conceptual design
Detector Install

(Emulsion Shifter)

g %’ﬂjﬂ ” ® Iron Target ~2kg o,

2 ~30 1/ events £ ;

Emulsion Cloud Chamber is a sandwich structure of
emulsion films and iron plates.

Emulsion Shifter give a timing info. to emulsion tracks.
Muon ID is possible by combined analysis with INGRID.

After MLF trouble, neutrino events (~1.4 x 10%° POT)
are accumulated in ECC. - expected ~30 events

Emulsion film

41films)  on plate ==
( ) (40plates) omm hour mln.

Run Status

2014

End of Oct. End of Nov. End of Dec. End of Jan. End of Feb End of Mar
] 1 ] Il L
I 1 T > 1 I | >

»

>

T Run1 T Run2 T Run3 Run4 I
Detector install Detector condition check Detector un-install MLF fire trouble = beam stop Beam re-start Detector un-install
- EM development

- Emulsion Module (EM) = EM re-install - development

- Monitoring sample Monitoring sample dev. Detector install (plan)

{only EM)




Data taking by emulsion scanning system

Position distribution

Latest very high speed scanning system
developed in Nagoya univ.

ECC

Darkness of track
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good «— [ inearitv of track — bad



Reconstructed track data

all tracks
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Pilot analysis: Multi-track vertex search

Selection : \ !
Search plate > PL10-PL36 e, !
Minimum hit plates of tracks > 6 1
Position & angle allowance for track connection |

- up to 30 of 500MeV/c

4 track vertex — 1

. 3 track vertex — 2 f"\' \'
x '. /‘/ ~1 p

2 track vertex — 6

Expected v int. ~ 10 events for this selection 13
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Proton identification
p 5 measurement by the MCS method
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Emulsion Shifter

Subsidiary detector Muon ID
(Emulsion Shifter)

/

~
. B
S ~
. Y
~
> ~
.
£
s ~
S ~
“ .
A “
. -
~
% ~
.

~
. -~
S =

— !l—\”_

Emulsion Shifter was placed at between ECC
and INGRID.

Doublet emulsion films are set on moving
stages controlled by stepping motor.
Top stage > 36 hours / step
Middle stage -> 20 min. / step
Bottom stage - 1.25 sec. / step

N\ ,

Iron plate

36hours pitch

Emulsion film - t/
£ 20min. pit

Time stamp is given by coincidence of tracks
on each stage.

- Position difference from reference point

= Timing information

J
1.25sec. pitch
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Time stamp for neutrino events

2 neutrino events are given their time stamp in the pilot analysis !

Other events will also be given their time stamp and if we analyzed middle
and bottom stage, time resolution will be reached second level.

Spot 13 Spot 7
Mar.12 2:23:35 Mar.21 2:25:49
~ Mar.14 14:23:57 B ~ Mar.23 14:26:12

All tracks

350
A0
250
P 1)
150
1043
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?-:m-lmnumum

Neutrino event tracks

# of gount




Future prospects




Water target emulsion chamber
install and Run

We installed a water target emulsion chamber during v exposure in May.

20mm  2.0mm  2.0mm 2.0mm

- *h -

i
i

emulsion tracker Water

=

=

Water Target/~ 1_5kg;”1 0-20 v events SN Detector was stored in a cool box
L = to keep a good environment for
2015 emulsion tracks
End of Apr. End of May |
} —
.

Run5 el ' |
| -
Detector install Detector un-install % < e y
(Water Target Emulsion Chamber) - development &*

Neutrino exposure was done. i S floor @ J-PARG
First results will be reported - End of Sep. down stream of T2 Hear det




Frame type
plastic spacer

Sandwich structure of
Emulsion films and
Frame type spacers

| Mechanical fixing by stainless spring



Large angle scanning

In current high speed scanning system (HTS), angle acceptance
is limited by |tan 8 |< 2.0.

Angle acceptance will be widen by |[tan 6 |[< 4.0
for detected neutrino events

by using Large angle scanning system.
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Conventional
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Possibility of hybrid analysis
with INGRID

« T60 emulsion detector don’ t have a capability of muon
identification.

* Near future, timing information of tracks in emulsion det.
will be reached second level by shifter analysis.

 If track by track - timing matching between T60 and INGRID
could be done, muon id for neutrino event in T60 det. will
become available.

Subsidiary detector Muon ID

(Emulsion Shiftef) IS |t pOSSible .

This is one of discussion
points from T60

.
L) ~
23 -
. 0
.
» ~
\
~
i ~
5 ~
Y ~
“ *
“ *
N
A "
' »



Next run: Detector run 1

INGRID

7
L BAE

new Shifter |

Iron ECC

Test: v- Fe interaction (4k events)
v, CC interaction detection (30 events)

Main detector structure

~70kg

Total 320 films

We plan a neutrino exposure after summer shut down.
Aim is Data — MC comparison at high statistics of more
than 1k events with large scale lron-ECC (20x target mass).
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Consideration of future hadron study
with emulsion detector

We have an experience of the study of 2,4,10 GeV/c
pion — lead int. with emulsion detector.

Hadron beam

30 GeV/c proton
or several GeV/c pion

Event by eventanalysis
Hadron '

i
H
beam i‘
!

i

/N Emulsion film Carbon plate

/ \ - useful information for reduction
/T VNN of uncertainly of neutrino flux ? [°°%




Consideration of future hadron study
with emulsion detector

Event by eventanalysis
Hadron % 0GeV/c 4GeV/e
beam l | - j

Kink angle (1-prong)

/ / \\\\ Kinematical data is also given.



Emulsion Spectrometer
(emulsion in magnetized field)

150

Basj, R&p
Ref.2GeV/c n* (No mag)

- Stack1
-0.5GeV/c 0.5GeV/c rt*
501 \2Gewc | 2Gevic 71”;/

501 1GeV/c n 1 GeV/é .n+
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g N

— Qi —> +— gir —>

Emulsion Neutrino Spectrometer

Emulsion Cloud
Chamber

Emulsion Spectrometer

-+ Stack?2
- Ref.2GeV/c m* (No mag)
18050~ ~700 50 0 50 100 150
S,[um]

-100

Test beam : 15mm gap, B=1T

Electron charge could be measured !
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Schedule

Emulsion scanning optimized based on the pilot analysis
will be started and the emulsion analysis will be improved.

The results will be reported on the end of September.

Larger size iron target emulsion chamber (~20x. target mass)
Is planned to install after summer shut down.

About several thousands of muon neutrino events and
several dozen of electron neutrino event will be detected.

Test experiment can run parasitically with T2K.
(we request no dedicated beam time nor beam condition)

We will expand the scale of detector gradually, step by step.
Then we start to consider a future experiment for hadron -
carbon interaction study with emulsion chamber.

28




Summary

* We proposed an experiment series to investigate low energy
neutrino interactions for the understanding of v int. itself and
sterile neutrino search with Nuclear Emulsion at J-PARC.

 First of all, we performed to expose neutrino to the iron-target
and water-target ECC for the feasibility study.

* We confirmed to proceed an emulsion based experiment in
safety. Then some of neutrino interaction events were detected
and physics analysis was also demonstrated.

« We proposed next step of the test experiment to increase
statistics of neutrino events and hope to verify the neutrino
iInteraction model and detect electron neutrino events.
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Supplements
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Particle ID
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Neutrino interaction in emulsion
microscope view
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Emulsion film (vacuum packed)
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Track reconstruction




