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Current situation on neutrino physics

Neutrino e=2Zimation ' Sterile Neutrinos

-) Bcp, mass hierarchy

-) 4th generation ? Dark mauwor ?

; . +M|n|Boo

Ovdouble beta decay Cosmie nautrinos
< majorana | dirac ? vmass meas. O e

— Ultra-ric JIJ ener J / S J)—wu\u,

CaF, crysfls+PMTs)
CANDLES o
7 -\ 1000kg Xe

- D"‘“""u




4. Conclusions

Summary
. s ‘ons .........
Evidence for L oscilati So far both VesVe & Yy =
u,—)un Goy.C.L. — ‘ . .d IL o . A A i N T
» o 0vide 3 qood fit +to AN
= a : B PE BN . PLob o
Sl eyt wesgheric 0eutring anomal, LN
§ . for [ 1%/ < lamls om o
10720 contain e o e'V}, P N
“E Slnze~ | PoE i - =3
containe , 1000 ym
=3
o =r e identified as a proton by dE/dx analysis [26]
-/‘j;f ,"’[‘.3_ o be more conclu sjye
o We need more 12 (2015) PHYSICAL REVIEW LETTERS o

a ) \
% 02 04 06 08 1

Statistics
Or we have to look for
appearance of ).

22 €
sin?260 >

Discovery of 7 Neutrino Appearance in the CNGS Neutrino Beam
with the OPERA Experiment
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Scientific Background on the Nobel Prize in Physics 2015

2015 NOBEL PRIZE IN PHYSICS

Takaaki Kajlta %, e NEUTRINO OSCILLATIONS
Arthur B. McDonald N |
NG BEL e . 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] and
Soudan [56]. by the long-baseline accelerator experiments K2K [57]. MINOS [58] and T2K
[59] and more recently also by the large neutrino telescopes ANTARES [60] and IceCube
[61]. Appearance of tau-neutrinos jn a muon-neutrino beam has been demonstrated on an
event-by-event basis by th&€ OPERA kexperiment in Gran Sasso. with a neutrino beam from

CERN [62]. “%ﬁ” ﬁ)B “ﬁ%mﬁ” ™\




Motivation

* Precise neutrino-nucleus interaction measurement is important
to reduce the systematic uncertainty in future neutrino oscillation
experiments.

« We started a new experiment at J-PARC to study low energy
neutrino interactions by introducing nuclear emulsion technigue.

« The emulsion technigue can measure all the final state particles
with for a variety of targets (H,O, Fe, C,...).

« Furthermore its ultimate position resolution allow to measure
and to explore of
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Nuclear Emulsion Detector

3D reconstruction Scalabilit
Reconstruction of track data | l " y
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Precise measurement of
neutrino-nucleus interactions

« CCQE interaction events are used as signal to reconstruct energy in
T2K/SK. - m? — (m, — V)? =m2 + 2(m, — V)E,
2((m, —V)—E, +p,cosb,)

 Other interaction modes contaminate due to final state interaction in
nucleon and detector inefficiency.

« Energy can’t be reconstructed correctly with these interaction modes.
- Need precise understanding about neutrino interaction.

uncertainties on predicted events at SK 2p-2h interaction in CCOE samples
vysample |vesample ¥,sample |V.sample .
IFHC [RFHC |18, RHC (Mesoen Exchange Current: MEC)
¥ flux w/o ND280 7,6% 8,9% 7.1% 8,0%
v flux with ND280 3,6% 3,6% 3,8% 3,8%

cross-section w/o ND280 7.7%
cross-section with ND280 4,1%

1. Leptonic model
(Dytman model)

v flux+cross-section 2,9% 4,2% 3.4% 4,6%
Final or secondary hadron int. 1,5% 2,5% 2,1% 2.5%
Super-K detector 3,9% 2,4% 3,3% 3,1%
otal w/o ND280 12,0% 11,9% 12,5% 13,
Total with ND280 5,0% 5,4%

2. Hadronic model (
(Nudleon chusler muwl) /

3. FS1 model
y (hA model)




Neutrino Interaction research with

Nuclear emulsion and J-PARC Accelerator

Working group

Detect OPERA _[J-PARC ]
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v exposure status of NINJA
#J-PARC A
id-term plan o

New power projection

FX ——{Detector Run X

e
—&— Beam Power _achieved -
<= Beam Power_Plan 60'(9 lron

A few kg Water 1

A

Afew kg iron  —
\' - Data-MC comparison with

high statistics
- v, CC interaction detection

- Emulsion handling @J-PARC
- Demonstration of v event detection - v— Water interaction detection
- Hybrid analysis with T2K near detector with Emulsion Detector

 We have demonstrated the basic experimental concept at J-PARC site.
» “Detector performance run” was started from last Jan.




NINJA Roadmap

Preliminary measurements RUN i Feasibility study at J-PARC

1 J-PARC T60/T66 experiment

Detector RUN Detector performance check

Target mass: 30- 60kg

-

L Phys|cs RUN I Neutrino-nucleus interaction study

= Target mass: 100- 300kg

O

S

= Phys|cs RUN ]I Search for sterile neutrino l

L:IE Target mass: 1- 3ton
Target mass: 6-10ton

« The aim of T6O/T66 is a and

to make a future plan.
 We will expand the scale of detector gradually, step by step.



Detector Run

We are starting Detector Run to
compare MC with high statistics.

|/

Cooling shelter(<10°C)

Vv exposure : 2016 @SS floor
end of Jan. > beam end
- Iron target (total~60kg : 500 1 m seg.)
* High statistics (3-4k v, events)
- v . detection (20-30 v . CC events)

—> Data — MC comparison with high
statistics to check the performance.

Emulsion Shifter
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Event detection,
Physics analysis  Time stamp

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

INGRID - Muon ID

Emulsion Shifter = give a timing info. to
emulsion tracks.




Side view

<Event time> ‘

D e t e 2015/Mar./22 15:06:35.0
NN

We are starting Detector Run to
compare MC with high statistics.
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. = sec.
Event detection, el min.

Physics analysis  Time stamp

Cooling shelter(<10°C)

Vv exposure : 2016 @SS floor
end of Jan. > beam end

 Iron target (total~60kg : 500 1 m seg.) Emulsion Cloud Chamber = sandwich

* High statistics (3-4k v, events) . : .
. v _ detection (20-30 7, CC events) f&rgi;féesfﬁ?o“risl'g” films and iron plates.

~ Data — MC comparison with high Emulsion Shifter > give a timing info. to
statistics to check the performance. emulsion tracks.




Gel production

Beam exposure
(Data accmulation)

2015/7/15 2015/10/23 2016/1/31

_ Temperature (deg

By Toho Univ. & Nihon Univ. member

gH

@Nagoya Univ.

i

2016/5/10

v beam exposure

Emulsion film Refresh

Noise reduction at 30deg C, 90%humi

—Temperature =
—Humidity

Refresh \
24hours |

2016/8/18

(' Removing surface silver

Scanning
(Data taking)

2016/11/26
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Number of electrons

Compton electron
density(/6000um?)

before

Refreshed

RMS=0.11pm RMS=0.08um RMS=0.0711m

500pum/s 4mm stroak

Repeatability for driving in each
stage is well below 0.5 1 m.




Removing surface silver

Gel production

Pouring

Ingtallation Scanning

Beam exposure (Data taking)
(Data accmulation)

—
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2015/7/15

ith GPU

\ \ .. Computersi | §

Wide FOV
| _optical system,

Data quality check and track reconstruction is under progress.

80 Gel production

Refresh [

2015/10/23

_IJ

Packing

Installation
<

| Removing surface silver

Beam exposure (Data taking)

(Data accmulation)

2016/1/31

v beam exposure
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Detector Run (T60)
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Event analysis is now in progress !

Multiplicity>3 |
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Thin (MIP)
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- ~80% of event have proton

= 0 MIP events are detected.
- neutron interaction ?



Detector Run(T60) vexposure in May 2015. 16

Water target emulsmn detector

Frame type

plastic spacer
= (2mm thickness)

Sandwich structure of Emulsion _ 2 (tan& x, tan & ,-0.074) plc-ton 3
films and Frame type spacers = Pouring water ¥ yinimum distance(C- 2)=2. 4|.|m depth=620um

First detection of v - Water interaction with Emulsion Detector
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Detector Run(T66)  vE&st:Dec. 2016- Apr.2017

- R&D for Water target Emulsion detector

Film, Spacerpiling 4 4. g Detector structure

film Film size: 12.5cm x 20cm

\;/

Support: 2mm PMMA Support:500um Iron  ECC(500um Iron
20 sets 19 sets

~100/v-Water int. expected

Into the'wjhe cellar
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Related activity

—a—KJJI959 7 ADHETE

J
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Asla/Tokyo « English

| A M iCal export || More - Login

Workshop on Hadron Production Measurements with Nuclear Emulsions

3-4 October 2016 =
Nagoya University moving

Asla/Tokyo timezone
Silicon moving lSilicuaniber Detector
[
|
¥

Overview gas cherenkov or DEtﬁEGtD{C_J%

ring imaging cherenkov

Scientific Programme

Timetable

Registration

.. Registration Form

Contribution List |“
Author List __| H III

Accommodation Threshold
Information .
Detector Calorimeter



Summary

We are performing a neutrino experiments at J-PARC
to study low energy neutrino - nucleus interactions with

nuclear emulsion (NINJA 1 ).

We are carrying out a test experiment at J-PARC to
check the feasibility and detector performance.

Beam exposure and film development for the 60kg
iron target ECC was successfully done and the event
analysis IS now In progress.

R&D for Water target ECC is performing.

Now we are discussing about next Physics Run with
a large scale water target emulsion detector.
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Recent technical improvements

Readout technique Detector technigue
High Speed Scanning High Sensitive film
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/' 41087 tracks ,/

[z Automatic
e T i procedure

2 track vertex

/ 40525 tracks / /53? tracks (269 "v"l‘le/ / 25 tracks (7 VIX] /

(BKG: 113.2 VTX) (BKG: < n 1 VTX)

()

MIP & MIP f“ﬂ.ﬁ% er}q Black & MIP

Black & Black

462 tracks (231 VIX) 36 tracks (18 VIX) 40 tracks (20 VTX)
(BKG: 101.9 VTX) (BKG: 0.5 VTX) (BKG: 10.8 VTX)

(a)

(b}
Additional blacks 7 xes Additional blacks 7
Nao
460 tracks (230 VIX) [ 2 tracks (1 VIX) [ 8 tracks (4 VIX) /32 tracks (16 VTX)
(BKG: 1018 VTX) [ (BKG: < 0.1 VTX)/ (BKG: < 0.1 VTX)[ (BKG: 10.8 VTX)
(f) () (d}
@g 3 Parallel (small)
Not parallel
210 tracks (105 VIX) 250 tracks (125 VTX)
(BKG: 1014 VTX) (BKG: 0.5 VIX)

(h) ()



Event 13036 Event 13036
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VTX information

F6 41976 .9 50747 .6 -24525 .9 -505 .9

pl izg ph wph nx ay ® r z ip dz

311 1297671 240051 1.1117 -0.85583  42545.1 S0470.5 -24017.0 &.1 -505.9
311 1474910 3101469 -0 7446 03525 41594 .4 50919 .4 -24017.0 5.1 -503.9
311 1363116 320471 0.4217 -1.0350 42182.2  S0224.1 -24017.0 0.4 -505.9

Range information

itk vt pll izgl pl2 izg2 vange I F

23671 31 311 1297671 241 1343745 93471 1
23T1EE 31 311 1474910 241 1408947 TEIS A 1
266596 31 311 1363116 291 1317375 046,21 3

(S

Dhrection 1: Forward, 2: Backward
Blackness 1: Thin, 2: Gray, 3: Black, 0: Gamma

Momentum information

itk n nx oy pE R marn momlaw  mambd

Y. Morimoto

236971 & 1.121% -0.5317 235 44.0 0,156 0,130 0,133
237185 & -0 7835 03544 305 190.1 0,315 0.2464 0,376
266596 30,3523 -1.015% 32,0 S0%.0 0,097 0.05% 0,125




Status review of T60

Systematic emulsion analysis
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Multiple Coulomb Scattering
- momentum measurement

w
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+3.23cm
(Steel 2.0 cm

- N Time coincidence (T,yeanTemutsion) .
E —_ § :C\earmatch‘mgwasperformed <Event tlme>
- = -’f. f; |_ between Emulsion and INGRID. .
pisid = 10 2015/Mar./22 15:06:35.0
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Feasibility study: 2kg Iron target ECC 25

\ L

.

/

Iron plate

Emulsion film (/

Time stamp for v event with Emulsion Shifter

Emulsion films are set on moving stages controlled by stepping
motor.

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

—> Position difference from reference point

= Timing information

Spot 13
Mar.12 2:23:35
~ Mar.14 I14:23:57

Spot 7
Mar.21 2:25:49
~ Mar.zr’.% 14:26:12

Information from

Top stage

All tracks

36hours pitch -

L 21.5min. pitch

|

4 1 m/sec.

# of count
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|
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1
G800 A Rl pLi=in] 10300
. dx

Neutrino event tracks
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Feasibility study: 2kg Iron target ECC

Emulsion-INGRID Hybrid analysis

<Event time>
2015/Mar./13 1:42:23.9  TopView Moo | SideView

—> < > lron 6.5x9=58.5cm |
14412 _omin ron@ 7 | Ifon 6.5x9=58.50m |
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b

Event topology is clearly matched.
Expected range for each tracks is consistent with INGRID hits.

.‘4

‘ 40*28 . cmin lron@ y

27+27 . cm in lron@

<Event time> Time resolution for emulsion tracks

2015/Mar./22 15:06:35.0 11—

Time coincidence (T,ysain-Temutsion)
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Detector preparation

We carried out “Refresh” process to delete noise tracks like OPERA experiment.

Emulsion film Refresh 2015. Dec @Toho Univ.

1 cycle=

o —Temperature

N
o

drying
24hours

; ~ Refresh
" 24hours

2015/12/12 8:23 2015/12/12 20:23 2015/12/13 8:23 2015/12/13 20:23 2015/12/14 8:23 2015/12/14 20:23

time

Film storing for fefresh
in dark room

Temperature (deg

[}
[y

Ags+2H:0 + 0z > 4Ag” +40H

Gl 5 refresh process were carried out
S8 Compton electron 400
Brf density(/6000um3) 2 s 00 &
§14? l ‘-l_: 300 —l %0
o f ©
5" before 2 250
grop B 200 60
8- Refreshed E 45
of A L 40
: w 100
af f+ + N o ] 20
of + Jr # %0 All 346 films were refreshed.
I R I B B B 0 0
*o 1 2 8 4 5 6 12/4 12/9 12/14 12/19 12/24  (date)

Place ID



Detector Run: 60kg Iron target ECC 28

Installation @J-PARC (Jan. 11-20)

Test operatlon of the emulsion shifter @NA Detector compon ‘were moved down:t

e e with crane operation.
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Detector Run: 60kg Iron target ECC 29

Installation @J-PARC (Jan. 11-20)

Detector was constructed @SS floor.
T60 emuIS|on detector is mounted in coollng box to keep good quality (no refresh).
' compressor

Emulsion

peratlon
Drain hose monitoring

B e S




Operation status (Jan. - Jun)

The temperature in the cooling chamber Emulsion Shifter operation status

S
= start
E *H 2016/01/29 : : Bottom stage 201?;?35/25
= 3H 17:02:33 *Middle stage 8:02:39
=2 2 T
=
1= o 1
C T o
2= .- 1ECC unit extraction =3
E to check film condition P =
12— S
B ‘ ‘ 2 sk
= ; } i 1he o
= J 0 -afb—
o ” . % ) z 60
= ;~._ _ Network disconnection . ;

v 1 " a
~~ 01/30 02/29 "~ 03/30 04/29 05/29
09:00 S 09:00 09:00

Bomom sage | | 0=0.54
c=0.56 B1m Hm

B!

e H 2

Position repeatability from reference point ( ;£ m)

b Bssmsll [N this time, the detector is placed

z I wssealll in the cooling chamber.
2 _ _ - S i The emulsion quality (sensitivity
: Sttt (G (N B Wl and noise density) is found to
2 38 BEEE= keep at safety level from end of
© . N 27 Monitoring sample & = Jan. to gnd_of May by checking

A R A N \m @ e the monitoring sample.

’ 0 30 60 90 120 150 1800 B foEccAPse

The length of time between beam exposure and development (days)



Detector Run: 60kg Iron target ECC 31

Hardware treatment of the emulsion films

Dark room r Developlng
(Nihon Univ.) |

25 min. 10 min. 60 min. 60 min.

2. Surface silver cleaning EmuIS|on swelllng
- ; N TR Recov_er_lng of emulsion thickness emuls{ion

thisena (muasured aher

Beam exposure wdevelopmenw After swelling

~ Before wiping . After wiping

More than 300 films were completed. gTycerdﬁmter



