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Energy of photon
from Neutrino decay

𝐸 = (CM system)

Experimental Data

𝑚 −𝑚 = 2.43 × 10 eV
𝑚 −𝑚 = 7.59 × 10 eV
Σ𝑚 < 0.59eV
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Assume the neutrino mass

signal

The number of the electrons pass through 
insulator by the tunnel effect ∝  𝐸

superconductor
（Nb, Al, Hf ）
100～200 nm thick

~100µμm × ~100µμm

~300nm

𝐸 ≈ 6~25meV (𝜆 ≈ 50~200µμm)

insulator
（AlOx, HfOx ）
1～5 nm thick

Electrons multiply

 STJ detector

apply 200Hz
pulsed laser
I − V curve

Pulse width of STJ amplifier 
output signal ~μs

Improve optical system!

200µμm square
Nb/Al − STJ

f=20cm convex lens
Al pipe

STJ detector

LHe

STJ detector evaluate experiment

Far-Infrared laser
(30～50mW)

Hollow THz fibre

λ= 57.2µμm, 5nW@STJ 
(1.4 × 10 photons/µμs)

µμ

 Light source to evaluate STJ

Cooper pairs

Laser OFF

ON

Far-Infrared molecular laser

2.5m resonator

Optical chopper
（Max 100 rot/s, 200Hz）

CO2 laser
Spectrum analyzer

（CW）

CO + N + He mixed gas in

High voltage 〜～5000V

Alcohol in

(oscillate  40~∼700µm)



to Freezer

𝜃
𝜃

Plane mirror
FIR laser

30°

𝜃

Polarizercrystal

Off-axis parabolic mirror

Convex mirror

Rotating mirror

600mm

200mm 330mm

1313mm

1084mm

Transmit pipe

𝑥

𝑧 𝑦

Pinhole
(0.1mmφ~4𝜎)

 How to make pulsed laser ?

Optical chopper Rotating mirror

or

Optimized optical system

Requirements for shorter pulse width︓：
・Smaller beam spot size
・Longer distance from Rot. Mirror to detector

4𝜎

With  1mmφ  
Pyro.det.
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Pulse width from measured spot size (4𝜎)
2.35
4 × 2.47mm+(0.1～2.47 )mm

1084mm×cos7°×2×377rad/s = 1.9～3.6 µμs [FWHM]

⇔  Simulation 1.5～2.9 µμs (4𝜎 = 2.05mm)





Yutaro SONODA
Univ. of Tokyo, ICRR, Kamioka obs.

Neutrino Frontier @ Kanazawa Nov. 28-30

About me

quickfire talk

• Master course student (2nd year) 

• Hobby：DIY computers, Overclock

HD5870 
2009~

Pentium4 
2004~About study

• Hyper-Kamiokande project is in progress. 

• detector concept is very similar to Super-K, but it is difficult 
to use the data transfer system same as Super-K due to 
huge tank size especially from photosensor to computer. 

• I suggest 3 candidate models of data transfer system.

Test Board (FPGA Kintex-7)

• right figure is one of the design plan. 
• place front-end board in water 
and make the mesh network. 

• I am developing a test board to use in 
this plan.

mesh model

favorite parts

Hyper-K





�

Misaki&Murase&&
(Nagoya&Univ,&ISEE) �



! �uper8Kamiokande&
Water&cherenkov&detector&filled&with&
50,000&ton&pure&water&in&Kamioka&
�

To&improve&
νμ&/&νμ&separaIon&
in&oscillaIon&analysis&

&
�

μ+/μ8&&separaIon&using&decay&electron&
informaIon&(decay&Ime,&N50)�

Cosmic&ray&μ�

Decay8e�

SK&tank�

Expected&&
&μ&stop&posiIon�

Reconstructed&&&&&
&&decay8e&vertex�

Check&special&&
correlaIon&between&
&μ&stop&point&and&

reconstructed&decay8e&
&vertex&&&�

MC
Entries  1151
Mean     23.6
Std Dev     33.49

500− 400− 300− 200− 100− 0 100 200 300 400 5000

100

200

300

400

500

600

MC
Entries  1151
Mean     23.6
Std Dev     33.49

data
Entries  4036
Mean    28.23
Std Dev     33.36

data&:&&
σ&=&33.36&
[cm]&
MC&:&&
σ&=33.49&
[cm]�

#&
of
&e
ve
nt
s �

! μ+/μ8&&separaIon&&

!  Cosmic&ray&stop8μ&and&decay8e&&&&&&&

[cm]�

��

(separate&using&likelihood&event8by8event)&&
16/11/29�

Distance�

Distance�
_�



nu
Entries  27547
Mean    2.396
Std Dev      1.79

 / ndf 2χ  35.49 / 22
p0        2.285e+02± 1.085e+04 
p1        0.016± 1.784 

[microsec]
0 5 10 15 20 25 30

# 
of

 e
ve

nt
s

1

10

210

310

410
nu

Entries  27547
Mean    2.396
Std Dev      1.79

 / ndf 2χ  35.49 / 22
p0        2.285e+02± 1.085e+04 
p1        0.016± 1.784 

t
nu

Entries  19759
Mean      207
Std Dev     76.08

n50[# of hits]
0 50 100 150 200 250 300 350 400 450 500

# o
f e

ve
nts

0

100

200

300

400

500

600
nu

Entries  19759
Mean      207
Std Dev     76.08

n50

nubar
Entries  11129
Mean    219.1
Std Dev     63.04

n50[# of hits]
0 50 100 150 200 250 300 350 400 450 500

# o
f e

ve
nts

0

50

100

150

200

250

300

350

nubar
Entries  11129
Mean    219.1
Std Dev     63.04

n50
nubar

Entries  14538
Mean    2.815
Std Dev     2.203

 / ndf 2χ  17.87 / 22
p0        111.9±  4438 
p1        0.026± 2.182 

[microsec]
0 5 10 15 20 25 30

# 
of

 e
ve

nt
s

1

10

210

310

nubar
Entries  14538
Mean    2.815
Std Dev     2.203

 / ndf 2χ  17.87 / 22
p0        111.9±  4438 
p1        0.026± 2.182 

t

νμ�

νμ�

&&&&&&&t&=&1.7�6±0.013μs�

&&&&&&&t&=&2.210±0.022μs&�

�� ��

��

Gamma&from&&
μ8capture� νμ�

νμ�
_� _�

! Result�
#&
of
&e
ve
nt
s �

#&
of
&e
ve
nt
s �

#&
of
&e
ve
nt
s �

#&
of
&e
ve
nt
s �

#&of&hits� microsec�

&&&&&&&&&� &&&&&&&&&�N50� Decay&Ime�

Apply&atmospheric&ν&MC&and&check&likelihood&input&parameter&distribuIons�

16/11/29� ��





AXEL次期試作機における
信号読み出しの研究
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AXELとは？
lニュートリノを伴わない二重ベータ崩壊探索を目指し
た検出器

l100L級次期大型試作機開発に向けて奮闘中

読
み
出
し
回
路

M
PPCs

100L級チェンバー

フラットケーブル 約1 m

MPPCs

l伝わる信号の確認を行っている
lこれから開発予定のキャリブレーションシステムにつ
いても述べる





超新星ニュートリノ観測
のためのDAQの開発

森 正光
京都⼤大学 ⾼高エネルギー物理学研究室



DAQの概要
現在超新星爆発が数百光年以内で起こった場合スーパーカミオカンデのDAQの処理能⼒力を⼤大きく超える
イベントレートが予測される。
• スーパーカミオカンデの既存のDAQの処理能⼒力：6 × 10 event/10s
• 予測される超新星爆発時のイベント数（ベテルギウス）：3 × 10 event/10s

イベントの取りこぼし and DAQのクラッシュが考え
られる。

新しいDAQの仕様
• FPGAで開発
• 120MHzで動作をして、60MHzのイベントレートに対応
• 12個の⼊入⼒力端⼦子を持ちイベントの⼊入⼒力（HITSUM）に応じて動作を変える
• ⾼高レートの時は既存のDAQにVETO信号を送りイベント間引くことでクラッシュを回避

SKで予測されるSNニュートリノ
イベントの時間変化



DAQのシミュレーション

VETO
INPUT

動作CLOCK

⼊入⼒力数:0 ⼊入⼒力数:11 ⼊入⼒力数:5
OLD DAQ:ON OLD DAQ:OFF

• ⼊入⼒力数が５以上でVETO信号を出す
• ⼊入⼒力が増えるとVETO信号が⻑⾧長くなる
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ARA Slim Detector R&D
Simon Archambault

Neutrino Frontier Workshop 28/11/2016
1



Quick Background

2

• Measuring whole-dish reflectivity of the 
telescopes

• Previously worked on the VERITAS experiment

• Looking for VHE emissions from the final evaporation of primordial 
black holes

Preliminary



Current Work

3

• Joined the ARA Experiment

• Uses Askaryan effect to look for cosmogenic UHE neutrinos from GZK 
process



Current Work

4

• Currently developing new, slim antennas
• Loss of sensitivity
• Saves on cost, manpower and time

• Can drill more holes to compensate

• Gain measurement done at Chiba U

• More details in Poster Session!





Construction of new water module 
for the WAGASCI experiment
Fuminao Hosomi, The University of Tokyo — WAGASCI collaboration

WAGASCI experiment
Aim to measure cross section ratio 
between H2O/CH at J-PARC
Constructing new water module with 
3D grid-like scintillators

Scintillator + WLS fiber

3D grid-like structure
x  +  grid  +  y  +  grid  +  …

water tank

1280 ch 
scintillators

32 fibers 
bundled

Construction work at J-PARC
• Gluing fibers on scintillators
• Painting reflector on fiber

• Black painting on scintillator

• Light yield measurement

Working on 
T2K and 
J-PARC T59 
(WAGASCI)

Quickfire

Come to see my poster!

Neutrino Frontier Workshop —ニュートリノフロンティア研究会 2016.11.28–30 @山代温泉ゆのくに天祥 細見郁直（東京大学）





ニュートリノ崩壊光探索に向けた
極低温増幅器の開発と現状

Rena Wakasa (Univ. of tsukuba)



Search for Neutrino Decay
Neutrino Decay
 Energy of photon from decay is formulated

𝐸 =
𝑚 −𝑚
2𝑚 .

If we measure the decay photon energy, the neutrino mass is 
decided.

 Since neutrinos have a very long lifetime (>10 year), we 
need a lot of neutrino sources.

Cosmic Background Neutrino

The Expected Decay Photon Energy
 𝐸 =25meV (𝜆=50µμm)

Superconducting Tunnel Junction Detector

𝜈 𝜈

𝛾

𝑊

𝜏, 𝜇

Measured by 
neutrino oscillation 
experiments



Development of cold amplifier

We should be careful of thermal noise and load capacitance.

Place amplifier close to STJ detector.

 Requirement for cold amplifier

 Operation at low temperature

 Low power consumption

 Fast response speed

Develop cold amplifier using FD-SOI MOSFET.

I’ll  present  the  current  R&D  status  of  cold  amplifier  using.
※Please see slide by Yagi, if you want to know practical amplification

of signal by cold amplifier.





   Development of High Spatial Resolution  
  Cold/ Ultra-cold Neutron Detector Using  
  Fine-grained Nuclear Emulsion 
 
 
 
 
 
                                            N. Naganawa (Nagoya Univ.) 
 
Collaborators: S. Awano, M. Hino, M. Hirose, K. Hirota, H. Kawahara,  
M. Kitaguchi,  K. Mishima, T. Nagae, H. M. Shimizu, S. Tada, S. Tasaki,  
A. Umemoto 
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Once upon a time, … 
 
            (It’s a legend.) 

2 



3 



An apple fell . 
4 
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               350 years later,  
           gravitation is still not understood. 
 
 
  ・ 1687  (1665?) I. Newton         Universal law of gravitation  
 
  ・ 1915                  E. Einstein          General relativity  
 
 
 
 

                  Still one of the biggest dream. 
 

With nuclear emulsion, we can add some information to 
accumulated knowledge of gravitation. 
 

t (a very much simplified timeline) 
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With nuclear emulsion,   
resolution will be better by 1~2 orders → ≦ 100 nm 
 
  Also useful for other neutron experiment using interference pattern of neutrons. 8 

Nesvizhevsky et al. Nature 415, 297 (2002) 

Gravitation experiment with Ultra-Cold Neutron 

     V(r) = G                ( 1 + G e- r/ )  m1m2 
    r 

Ultra-Cold  
Neutrons 
~ 100 neV 
~ 5 m/s 

Previous work  
2002  V. V. Nesvizhevsky et al. 

50 

z [μm] 

Ψn
2 

Calculated probability. 
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UCN 

Absorption 
point 

Si 0.4 mm 
(substrate) 

10B4C  
50 nm 

NiC 60 nm 
C 30 nm 

Fine-grained 
Nuclear emulsion 
10 μm 

Detection principle : neutron absorption by 10B  
                       n + 10B   + 7Li   (ground state)           + 2.79MeV (6%) 
                                            + 7Li  (1st excitation state) + 2.31MeV (94%)                                               

Detect  tracks  of  α or 7Li. 
                  ↓ 
Decide position (X, Z) of  
absorption points 
 
Resolution  should be ≦ 100 nm 

High resolution detection by emulsion coated 10B4C layer 

500nm 

35nm AgBr・I 
crystals 

n 
10B  

Range in emulsion 

σ  =  1.69×106 barn (vn=5m/s) 

 absorption eff. to 10m/s UCN : 46% 
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UCN exposure at J-PARC MLF BL05 Nov. 2016 
              Detection efficiency measurement 

UCN 
 v~10m/s 

VCN 

Emulsion after 
Cd slit □1cm2 

・ Cd slit □1cm2 

Emulsion detector 

←Detected number of tracks in each view. 
UCN 

Detection  efficiency  is  … 

10 μm 

Microscopic view 

An observed track 
by human eyes 
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UCN exposure at J-PARC MLF BL05 Nov. 2016 
              Detection efficiency measurement 

UCN 
 v~10m/s 

VCN 

Emulsion after 
Cd slit □1cm2 

・ Cd slit □1cm2 

Emulsion detector 

←Detected number of tracks in each view. 
UCN 

Detection  efficiency  is  … 

     in the poster !! 

10 μm 

Microscopic view 

An observed track 
by human eyes 





Tatsuya Hayashino
Kyoto UniversityOfficial Profile

Event Rete & Beam Direction
�Until 1st Jun 2015 (not including the last nu-mode in Run63).

6

•Anti-mode beam measurement 
•Plan to update analysis method to reduce 
systematic error 
•Check the stability of event rate

WAGASCI experiment 

• Machining scintillator 
• Checking scintillator quality

INGRID beam measurement

ν̅μ CC0π cross section 
measurement using 

Proton Module

• # of track = 1poster





GRAINE
宇宙線ハドロン反応解析

エマルションγ線望遠鏡

名古屋大学 河原宏晃

神戸大学
JAXA/ISAS

岡山理科大学
愛知教育大学
宇都宮大学

GRAINE
Collaboration

ニュートリノフロンティア研究会
2016年11月29日 石川県山代温泉ゆのくに天祥



エマルションγ線望遠鏡

γ

コンバータ

タイムスタンパ



ガンマ線

電子―陽電子対生成

一次宇宙線陽子、原子核

ハドロニック非弾性散乱



γ線－ハドロン反応マッチング

hadronic
interaction

electron
pair

𝐸 > 130 Mev , tan 𝜃 < 0.5





J-PARC T59: The WAGASCI experiment,
Development of Electronics And 

Data Acquisition System

Naruhiro CHIKUMA
Department of Physics, the University of Tokyo

竹馬匠泰

東京大学理学系研究科物理学専攻

1

Neutrino Frontier Workshop 2016, Ishikawa, Japan, 
28- 30 Nov. 2016



to GDCC

The WAGASCI electronics 2

GDCCto CCC

to DIF

32ch MPPC array

ASU

Interface
&DIF

ASU



Auto
trigger hold

Slow 
shaper

Fast 
shaper

TDC 
ramp

SPIROC2D

ISSUE : It is only possible to set the discriminator threshold at its undershoot.
 Due to wrong position between signal and reference in the comparator.

3

Ideal position 
of thresholdFast shaper

signal

Discri. Signal

This is only 
allowed

Fast shaper
signal

Discri. Signal

In real

+
-

sig
ref

+
-sig

ref
But, still able to trigger on 1pe.





NuPRISM  
detector performance study 

Neutrino frontier workshop 2016 

Tomoyo Yoshida 
Tokyo Institute of technology 
 



NuPRISM detector 
• Proposed water Cherenkov detector in the J-PARC 

neutrino beamline at 1~2m baseline.  
• Detector optimization is ongoing using  

full detector simulation and reconstruction. 
 
 
 
 
 
 
 
 
 11/29/2016 Neutrino frontier workshop 2016 2 

νμ CCQE event νe CCQE event 

50 m
 

10 m 



Detector performance study 
• PID performance for different PMT sizes are shown  

in the poster 
• The performance to be validated by full-scale prototype  

detector on surface 

11/29/2016 Neutrino frontier workshop 2016 3 

e/μ cut  
performance 

e/π0 cut  
performance 





Sensi&vity	studies	for	a	second	
Hyper-K	detector	in	Korea	

Neutrino	fron&er	workshop	2016	
Lukas	Berns	

Tokyo	Ins&tute	of	Technology	

16/11/29	 1	



T2HKK	experiment	
•  Important	oscilla&on	paramters	degenerate	in	
vacuum:	mass-hierarchy,	δCP,	θ23	

•  To	resolve	use	maJer	effect	
→	long	baseline	experiment	

16/11/29	 2	
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T2HKK	experiment	
•  T2K	2.5º	off-axis	beam	is	available	in	Korea	

16/11/29	 3	
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T2HKK	experiment	
•  T2K	2.5º	off-axis	beam	is	available	in	Korea	
•  Longer	baseline	+	larger	density	+	2nd	osc.	max	
→	resolve	mass-hierarchy	
→	improved	δCP	precision	

16/11/29	 4	
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dCP precision for dCP=pi/2
Results	

16/11/29	 5	

“Worst	case”	



T2HKK	experiment	
•  A	T2HKK	sensi&vity	study	was	proposed	this	
month:	arXiv:1611.06118	[hep-ex]	

•  In	the	poster,	an	independent	sensi&vity	study	
for	mass	hierarchy,	δCP,	θ23	octant	is	presented	

16/11/29	 6	
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backup	
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図 5.5: 指数関数型の電極 [59]
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c

)
(5.12)

となる。図 5.6の青線が通常のストリップライン型 BPM、赤線が exponential tapered couplerの周波
数の振幅特性である。また、図 5.7は位相特性で、入力に対してどれだけ位相が遅れるかを示している。
赤線はハイパスフィルタと少し異なり、リンギングが見えている。これは、exponential tapered coupler

が l=ct/2の点で有限な値を持つことであり、a >> 1の極限を取れば

|F (ω)| = Kωl√
a2 + 4ω2l2

c2

(5.13)

とHPFと同じ周波数特性となる (図 5.6、図 5.7の緑線)。

図 5.6: exponential tapered couplerの振幅特性。
青線が通常のストリップライン型 BPM、赤線が
exponential tapered coupler、緑線が aの極限を
とった時 (=HPF)である。

図 5.7: exponential tapered couplerの位相特性。
青線が通常のストリップライン型 BPM、赤線が
exponential tapered coupler、緑線が aの極限を
とった時 (=HPF)である。

上述のように aが大きくなればなるほどリンギングは小さくなるが、工作精度によって aは制限され
てしまう (図 5.8)。また、lが長くなればより低周波領域まで感度が出るため信号への影響が少なくなる
が (図 5.9)、スペースによって制限される。今回はBPM用には 500 mmのスペースが割り当てられてい
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J-PARC T60 Experiment
study of electromagnetic 
component

Yosuke Suzuki（Nagoya Univ. B4）

Neutrino frontier Workshop, 28th-30th Nov. 2016 



T60 experiment

Roadmap

Preliminary measurements RUN

Detector RUN

Physics RUN Ⅰ

Physics RUN Ⅱ

Neutrino-nucleus interaction study

Search for sterile neutrino

J-PARC T60 experiment

Detector performance check

Feasibility study at J-PARC

Target mass: 30- 60kg

Target mass: 100- 300kg

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

2

Motivation
• Precise neutrino-nucleus interaction measurement is important 

to reduce the systematic uncertainty in future neutrino oscillation 
experiments.

• The emulsion technique can measure all the final state particles with low 
energy threshold for a variety of targets (H2O,  Fe,  C,…).

(Precise neutrino-nucleus interactions measurement with Emulsion at J-PARC)

21

z,

y

ν

Re-interaction

Iron 2.0cm

x

y

z ν

x

z,
ν

νint.  in  emulsion

Feasibility study: 2kg Iron target ECC

Emulsion detector
Position resolution :sub-micron 
Angle resolution :2mrad~



Shower event detection
 More than 10 shower events are detected in 

emulsion detector.
 In the future, we will analyze ν_e interactions 

so it is important to understand these 
detected shower events.

 They are probably cosmic ray event because 
of these energy. 

 But they have a possibility to become v_e
interaction background.

3

• I try to analyze the shower 
event.
• Origin
• Energy
• Angle distribution
• Position distribution

• I use many ways to 
analyze them.
• Multiple Coulomb 

Scattering
• Compare the simulation
• Shower development
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interaction background.

4

• I try to analyze the shower 
event.
• Origin
• Energy
• Angle distribution
• Position distribution

• I use many ways to 
analyze them.
• Multiple Coulomb 

Scattering
• Compare the simulation
• Shower development
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Sensitivity of CP violation and mass order
by joint analysis of neutrino oscillation 
on Hyper-Kamiokande

•Beam neutrinos:

•precise energy and direction

•fixed beamline

Neutrino source

• Atmospheric neutrinos: 
• high statistics
• various beamline length
• sensitive to matter effects
• not  as  precise  as  beam  ν

Mass Hierarchy Sensitivity CP Violation Sensitivity

Beam  ν,  Atmospheric  ν,  Joint Analysis

10 years
2 tank staging

Bandwidth represents δCP uncertainty.

Miao Jiang (Kyoto. U)





• CANDLES is a project to search for neutrinoless double beta 
decay of 48Ca with CaF2 scintillators. 

• Current energy resolution is σ~2% @ Q-value (4.27MeV) 

• Explore inverted hierarchy →  normal hierarchy region,  

       Required two improvements 

Much better energy resolution                                             
(to avoid 2νββ background events)                                      
→　Developing “CaF2 bolometer” 

Realizing highly enriched 48Ca, and ton-scale detector              
→　Developing “48Ca enrichment technique” 

• We are aiming to excellent energy resolution by        
developing bolometer technique (σ~0.3%).

PMT CaF2 crystal

Pure water 

Liquid 
scintillator 

4m

3m

Study of low background bolometer for CANDLES 
Konosuke Tetsuno 

Osaka University/CANDLES collaboration

Neutrino Frontier Workshop 2016

CANDLES detector



• New BG candidate in CaF2 bolometer.                                                                         
48Ca Qββ: 4267keV / 238U Qα: 4270 keV                                                          
required particle ID  →　Scintillating bolometer  

• Simultaneous measurement of heat and scintillation enables to identify the 
particle types (α/β particle ID) 

• Now we are developing a small bolometer with a few hundred grams of CaF2 
crystals in the surface laboratory. 

• In my poster, the current status of development and future strategy will be 
reported.

Neutrino Frontier Workshop 2016

Study of low background bolometer for CANDLES 
Konosuke Tetsuno 

Osaka University/CANDLES collaboration

2cm





Double Chooz検出器のエネルギー応答の研究  
とステライルニュートリノ探索
2016/11/29 ニュートリノフロンティア研究会 

首都大学東京大学院 理工学研究科  
町田 篤志



2016/11/29 　　　　　　　　ニュートリノフロンティア研究会

研究概要

2

Outer veto

7 m

7 mガンマキャチャー層(GC) :  
液体シンチレータ(22m3)

 バッファー層 : ミネラルオイル(110m3)と390本のPMT(10 inch) 

内部検出器 (ID)

前置検出器 後置検出器
ベースライン ～400m ～1km
測定開始 2015.1～ 2011.4～

本研究の目的 
1. θ13精密測定にはエネルギー応答の理解が重要 
→エネルギー応答の詳細な理解にもとづいた位置依存性の補正による分解能の向上 

2. 優れたエネルギー応答を用いたステライルニュートリノ探索感度の見積もり

ニュートリノターゲット層(NT) :  
Gdを含む液体シンチレータ(10m3) 



2016/11/29 　　　　　　　　ニュートリノフロンティア研究会

ポスター発表ではエネルギー位置依存性の原因・線源データの検証・分解能の評価の詳細
また、エネルギー分解能を向上させたスペクトル解析によるステライルニュートリノ探索
の感度見積もりについて紹介する

バッファー層に設置された全PMTの光量の総和からエネルギーを再構成 
→ 立体角・減衰長・光子の入射角度などによって再構成エネルギーが事象発生位置に依存 
→ エネルギー位置依存性を見積もり補正する

3

エネルギー応答の研究
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マップ補正後 

252Cf線源(検出器中心)

エネルギー分解能エネルギー補正マップ

エネルギー分解能： 
補正前10.57%/√E  
→ 補正後9.62%/√E

マップ補正により分解能が向上ρ(mm)

ρ(mm)

前置検出器 
DATA

前置検出器 
MC

評価・補正に使用した事象サンプル 
DATAは宇宙線による核破砕反応で 
生成される中性子の水素での捕獲事象 
(2.2 MeV peak) を使用

z(
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Energy calibration by means of 
(n,γ) reaction for CANDLESⅢ+ project

Takaki Ohata Osaka Univ.
• CANDLES実験

• 48Caを⽤用いた⼆二重ベータ崩壊実験
• ⾮非常に稀な現象(T1/2： > 1026年)
⾼高エネルギー分解能と線形性を要求

• 中性⼦子捕獲反応を⽤用いた線源開発
• ⼈人⼯工的に(n,γ)反応を起こすキャリブレー
ション線源開発を⾏行った

- Si : 3.5, 5.0MeV Q値前後エネルギー
- Ni : 9.0 MeV 最⾼高エネルギー
- Fe : 7.6 MeV 検出器に含まれる

検出器上部設置しエネルギー較正を⾏行う 3m

300mm

300mm

純⽔水
PMT

4mLS CaF2



エネルギー線形性の確認

88Y Q値

28Si 57Fe 59Ni

直
線
か
ら
の
ズ
レ

28Si

57Fe

59Ni
28Si

57Fe

59Ni

データとシミュレーションの⽐比
較を⾏行った。

Q値での分解能は~2.3%である。
また、線形性は分解能より⼩小さ
い1%以下で保たれている。





ニュートリノ中性カレント反応精密測定のための
核子・酸素原子核反応に関する研究

Study on Nucleon-16O Reaction for the Precise Estimation of 
Neutrino’s Neutral Current Interaction Cross Section

新学術 ニュートリノフロンティア研究会 2016

Neutrino Frontier Workshop 2016

芦田 洋輔 (Yosuke ASHIDA)
京都大学大学院理学研究科
高エネルギー物理学研究室

(Kyoto University)

Quickfire Session



Neutral Current Quasielastic Interaction
ν ν

γ
primary-γde-excitation16O

15O* or 15N*
NCQE

@Super-K

Z0

At Super-K (and also future SK-Gd and Hyper-K), NCQE events with 
16O of atmospheric neutrinos are one of the main background in …

• Supernova Relic Neutrino search  (← my largest interest)

• Proton Decay and GUT Monopole search
• Light Dark Matter Search
• Sterile Neutrino search

Precise Measurement is Very Important!!!



Secondary-γ Problem
ν ν

・・・

16O

γ

γ

primary-γ

n or p

de-excitation16O

NCQE
15O* or 15N*

15O* or 15N*n or p

de-excitation

secondary process

secondary-γ

Z0

Secondary processes mainly by neutrons are the obstacle in NCQE estimation.

To pick out and measure just secondary process is our idea!!!



My Poster is on …

• More detailed descriptions on NCQE interaction and secondary process
• The results from our first pilot experiment (E465) at RCNP 
• Some plans and discussions for the future

Please come to my site and let’s have discussions!!





Quickfire
84. 「J-PARC T60 – Study of neutrino-nucleus interactions

with nuclear emulsion at J-PARC」

Toho University
Hitoshi Oshima2016.5.30 @ J-PARC



J-PARC T60 experiment 

・There are large systematic error in neutrino
oscillation measurements. Our understanding
of neutrino interaction including nucleus
effects are not sufficient at Sub-GeV to
Multi-GeV energy region.

A.A.Aguilar-Arevalo et al., Phys. Rev. D 81 (2010) 092005.

・We T60 group are studying neutrino – nucleus
interactions by using nuclear emulsion @ J-PARC.
One of our purpose is precise measurement of
neutrino cross-section and is to get a precise data of
interactions at Sub-GeV to Multi-GeV energy region
to reduce the systematic error of neutrino oscillation
measurement.

→ 11/28 S.Ogawa B01 talk



Poster contents 
T60 Detector Run - 60kg Iron target run -
・ Hardware treatment

- preparation of nuclear emulsion
- development, swelling

・ Data taking ( Scanning )
- dead pixel noise rejection
- adjustment of scanning parameter
- status

・penetrating (muon) track analysis
(very preliminary)

Emulsion film

After Before
dead pixel noise rejection Scanning parameter

Swelling result

Data taking

Muon analysis
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Neutrinoless double beta decay search 
using nuclear emulsion detector

Neutrino frontier workshop 2016
Dai Hamabe
Tokyo Institute of technology



  2

Nuclear emulsion detector

Nuclear emulsion  ： Photographic film to observe the trajectory of charged particles

Use of emulsion technology for 0ν2β search

Emulsion layer + 82Se layer 

Search for events with two electrons  emitted from same vertex

Distinction between Signal and background
 Use difference in total energy distribution of two electrons 

Nuclear emulsion Detector

Emulsion Layer
～1mm

Source Layer
～1mm

e-

e-

Decay
vertex

e- trajectory

0ν2β
Signal 

2ν2β
Background

resolution 3%
resolution 7%

Total energy distribution of two electrons 
by Monte Calro Simulation



  3

Backgrounds

Double beta decay (2ν2β)
→ Energy resolution : energy reconstruction using trajctries 

Radioactive series ( 238U , 235U , 232Th )
→ Tracking and e/αidentification

In the poster, I estimate energy resolution and evaluate the sensitivity 
to effective Majorana mass by Monte Carlo simulation

α

Double beta
decay

Radioactive 
series





Web applications of the online DAQ system  
for the Double Chooz experiment�

Michiru Kaneda�
Tokyo Institute of Technology

29/Nov/2016
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On behalf of the Double Chooz Collaboration �



Double Chooz�

��

They are the most powerful reactor type in operation in the world. One unusual characteristic of
the N4 reactors is their ability to vary their output from 30% to 95% of full power in less than
30 minutes, using the so-called gray control rods in the reactor core. These rods are referred to as
gray because they absorb fewer free neutrons than conventional (“black”) rods. One advantage is
greater thermal homogeneity. A total of 205 fuel assemblies are contained within each reactor core.
The entire reactor vessel is a cylinder 4.27 m tall and 3.47 m diameter. The first reactor started
full-power operation in May 1997, and the second one in September of the same year.

The Double Chooz experiment will employ two almost identical detectors of medium size, each
containing 10.3 cubic meters of liquid scintillator target doped with 0.1% of gadolinium (see Sec-
tion 4). The neutrino laboratory of the first CHOOZ experiment,1 located 1.05 km from the two
cores of the Chooz nuclear plant, will be used again (see Figure 3). This is the main advantage of
this site compared with other locations. We label this site the far detector site or Double Chooz-

Figure 1: Overview of the experiment site.

far. A sketch of the Double Chooz-far detector is shown in Figure 5. The Double Chooz-far site
is shielded by about 300 m.w.e. of 2.8 g/cm3 rock. It is intended to start taking data at Double
Chooz-far at the beginning of 2008.

1For clarity, the first reactor neutrino experiment conducted at the Chooz reactor is herein referred to in uppercase.

4

•  The reactor neutrino experiment at Chooz, France.
•  The main purpose is to measure mixing angle θ13.
•  Detectors placed in the power plant, not a scientific laboratory.
→ Normally no physicist is on site.
→ A remote control system is important.

Far detector
L~1050m�Near detector

L~400m�

Reactors (EDF)
2x4.25GWth: ~1021νe/s

-�

-�



Web Based Application�
• No special tools are needed, only browser.
• Easy to provide applications for smart phones/tablet.
• Based on Open Source Software.

��PC View� Smart Phone View�



WebSocket�
• New generation protocol of full-duplex communication, 

especially for web server/browser.
→ Real-time communication.
→ Small resources, faster communication.
• Most of recent browsers, including browsers for smart 

phones, support it.

��http://caniuse.com/#feat=websockets



Double Chooz Applications�

��

ProcessControl� RunControl�

Monitor�
Gaibu (Messenger)�





ニュートリノ物理のための 

中性子・酸素原子核反応からの 

ガンマ線測定 

新学術領域研究 
「ニュートリノフロンティアの融合と進化」研究会2016 

@ 山代温泉 

岡山大学・自然科学研究科 
博士課程前期２年 

 
永田　寛貴 



•  住処：晴れの国おかやま（Okayama） 

•  所属：岡山大学自然科学研究科 
　　　博士課程前期２年 
 

•  趣味：ツーリング・バリスタ・マジック… 
　　　ほかにも色々と 

•  研究テーマ： 
中性子・酸素原子核反応からの 
脱励起ガンマ線の測定 

Self-introduction 1 



Research theme 2 

✓ 今回のポスターでは… 
2016/11/17~ 東北大学 CYRICで実験 

とれたてピチピチのデータを 
紹介します！ 

Date 

✓ 研究テーマ T2K実験では 
ニュートリノと酸素原子核との 
NCQE反応断面積が測定された 
しかし、未だ不定性が大きい… 

「二次ガンマ線」が不定性の大きな原因 
この「二次ガンマ線」を測定することで 

不定性を削減する 



Find more on the poster! 

Thank you your watching ! 


