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WAter Grid	And	SCIntillator detector
(WAGASCI,	J-PARC	T59)

An	optimized	detector	for	measurements	on	water



J-PARC	T59	collaboration
• 13	institutes,	69	collaborators

• University	of	Glasgow: S.-P.	Hallsjo, P.	Soler
• Institute	for	Nuclear	Research	of	the	Russian	Academy	of	Science	(INR):M.	Antonova,	

A.lzmaylov,	M.Khabibullin,	A.Khotjantsev,	A.	Kostin,	Y.	Kudenko,	A.	Mefodiev,	O.	Mineev,	T.	Ovsjannikova,	
S.	Suvorov,	N.	Yershov

• KEK: S.	Cao,	T.	Kobayashi
• Kyoto	University:	T.	Hayashino, A.	Hiramoto,	A.K.	Ichikawa,	B.	Quilain,	K.	Nakamura,	T.	Nakaya,	K.	

Yoshida

• Laboratoire Leprince-Ringuet (LLR),	Ecole Polytechnique:	A.	Bonnemaison,	R.	Cornat,	L.	Domine,	
O.	Drapier,	O.	Ferreira,	F.	Gastaldi,	M.	Gonin,	J.	Imber,	M.	Licciardi,	Th.A.	Mueller,	L.	Vignoli,	O.	Volcy

• Osaka	City	University:	Y.	Azuma,	J.	Harada,	T.	Inoue,	K.	Kim,	N.	Kukita,	S.	Tanaka,	Y.	Seiya,	K.	
Wakamatsu,	K.	Yamamoto

• University	of	Geneva:	A.	Blondel,	F.	Cadoux,	K.	Karadzhov,	Y.	Favre,	E.	Noah,	L.	Nicola,	S.	Parsa,	M.	
Rayner

• University	of	Sofia:	M.	Bogomilov,	E.	Mateev,	R.	Tsenov,	G.	Vankova

• University	of	Tokyo:	N.	Chikuma,	F.	Hosomi,	T.	Koga,	R.	Tamura,	M.	Yokoyama

• Institute	of	Cosmic-Ray	Research,	University	of	Tokyo: Y.	Hayato
• University	of	Uppsala:	T.	Ekelof, P.	Simon

• University	of	Valencia:	A.	Cervera
• Yokohama	National	University:	Y.	Asada,	K.	Matsushita,	A.	Minamino,	K.	Okamoto,	D.	Yamaguchi

2



Contents

• WAGASCI/Baby-MIND	concept

• Detector	configuration/location
• Motivation

• Expected	performance

• Staging	approach
• Outcomes	from	the	prototype

• Readiness	for	the	next	step
• Summary

3



WAGASCI	concept
• 3D	grid neutrino	detector	
• x	+	grid	+	y +	grid	+	…	layers
• 4p angular	acceptance
• H2O(signal):CH(BG)	~	8:2
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[本研究の特色]

図 5: 格子状に組んだシンチレータ

•WAGASCI検出器
WAGASCI検出器のシンチレータを格子状に配置する方法は今までに

例がなく、水標的でありながらもニュートリノ反応で生じた二次荷電粒
子がどのような方向に飛んでも飛跡を再構成することができる画期的な
方法である。ミューオン以外の二次粒子を測定することで、ニュートリ
ノ反応モード別の測定も期待できる。
[国内外の関連する研究の中での当該研究の位置づけ、意義]
多くのニュートリノ実験においてニュートリノ反応モデルの不定性は

大きな系統誤差を生んでいる。ニュートリノの反応断面積を測定し、ニュートリノ反応モデルに制限を与えること
は T2Kのみでなく、ニュートリノコミュニティー全体に有益である。
[インパクトと将来の見通し]
• レプトンセクターでの CP対称性の破れは、未解決の問題である”物質優勢宇宙の起源”に迫る非常に重要な
研究である。

• WAGASCI検出器の開発、測定は次世代の計画であるハイパーカミオカンデを用いた長基線ニュートリノ振
動実験の前置検出器をデザインする際に良い材料となる。

（１年目）

• T2K前置検出器のProton Moduleと INGRIDを用いた反ニュートリノの反応断面積の測定の結果をまとめる
• WAGASCI検出器の制作を完了、前置検出器ホールへのインストールをし、ニュートリノのビームデータを
取得する

• WAGASCI検出器で、ビームデータと宇宙線データを収集し、検出効率などの性能を評価する
• WAGASCI検出器のデータから、粒子の単位長さあたりのエネルギー損失、飛程、シンチレータでの光量を
用いた粒子識別の方法を、シミュレーションやビームテストの結果と比較して研究する

(２年目）

• 反応点付近の陽子などの短い軌跡やエネルギー損失から、荷電カレント準弾性散乱 (CCQE)反応のイベント
選択の方法を研究する

• WAGASCI検出器での CCQE反応を選択する手法を確立し、それぞれの反応断面積と反応断面積比を求める

(３年目）(DC２は記入しないこと)

• νe(νe)出現モードと νµ(νµ)消失モードについて、ニュートリノ振動の同時解析を行い、CP非対称パラメー
タ δCP を測定する

• 以上の結果を博士論文にまとめる

林野竜也
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Baby-MIND	concept
• Magnetized	Muon	Spectrometer
• Can	realize	charge	ID	of	muons

• Essential	in	RHC	mode	where	wrong-sign	contamination	is	up-to	30%

• Born	from	prototyping	activities	carried	out	within	AIDA	project
• Proposal	to	the	CERN	SPS	committee:	Design,	build	and	test	the	
detector	at	CERN,	then	ship	it	to	Japan.
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33	magnet	modules:	30mm	Fe
18	scintillator	modules:	31mm	CH

A	half	of	scintillator	module	=
95	horizontal	bars:	3000	mm	x	31	mm	x	7.5	mm
8	vertical	bars:	1950	mm	x	210	mm	x	7.5	mm



Detector	configuration
• 3D-grid	detector	=	WAGASCI
• H2O	in	fiducial	volume:	0.4	ton	x	2	modules	=	0.8	ton

• Side	muon-range	detector	(Side	MRDs)

• Downstream	magnetized	MRD	=	Baby	MIND
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WAGASCI  detector configuration   

H2O/CH Detector 
- 2 Water Modules 
- 2 Plastic Modules 
- 5120 Channels 

Side MRD Detector 
 - 4 Modules 

Downstream MRD Detector 
 - Magnetized Steel / Scintillator Detector Side	MRDs Baby	MIND

WAGASCI



Detector	location

• After	or	at	the	same	time	as	this	project,	the	location	may	be	
used	for	dedicated	cross-section	measurements	with	new	
detector	systems:	prototype	target	detectors	of	ND280	upgrade,	
High	Pressure	TPC,	thin	target	gas	tracker,	...	with	Baby-MIND	
and	Side-MRDs. 7

B2	floor	of	T2K	ND	pit
Detector	location

WAGASCI

T2K	ND280

Neutrino	flux



Motivation
• Detector	performance	test	(as	J-PARC	T59)
• Uniform	reconstruction	efficiency	in	4p dir.
• Muon	charge	ID	in	Baby-MIND
• Particle	direction	ID	using	TOF	for	identifying	backward	
scatterings

• Energy	resolution/migration	using	a	sharp	falling	edge	of	
neutrino	flux	

• Physics	analyses	(as	J-PARC	E##)
• Cross	section	measurements	on	H2O/CH	w/	4p acceptance

• CC-inclusive,	then	exclusive	channels	(CC-0p,	CC-1p,	…)
• ~10%	syst.	errors	(mainly	from	neutrino	flux)
• ~3%	syst.	errors	for	their	ratios	(flux	error	is	canceled)

• Studies	w/	sharp	neutrino	spectra	by	a	liner	combination	
of	WAGASCI/ND280	data	(simple	NuPRISM-like	measure.)
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Expected	performance	(1)

CC
(signal)

NC BG	from
Scintillator

BG	from
outside

All

Event	rate
/1021 POT

24100 865 6190 1640 31900

Fraction 75.5% 2.7% 19.4% 5.1% 100%

High	statistics	&	Low	background	contamination	with	4p acceptance	

Reconst.	efficiencies	in	WAGASCI Reconst.	events	in	WAGASCI

9

0.8	ton	
H2O	target



Expected	performance	(1)
• High	statistics	&	Low	background	contamination	
with	4p acceptance	
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*	Ulrich	Mosel	@	NuINT17,	Jun	28,	2017

WAGASCI	can	test
larger	angles,
cosq <	0.42,	
where	2p2h	has	larger
fraction.
(T2K	4p analyses	too)	



Expected	performance	(2)
• Muon	momentum	measurement
• resolution	~	50	MeV/c	(~10%	@	0.5	GeV/c)
• up	to	~0.5	GeV/c	(Side-MRDs),	~1.2	GeV/c	(Baby-MIND)

• Muon	charge	ID	efficiency	w/	Baby-MIND
• >76%	(Pµ =	300	- 440	MeV/c),	>94%	(Pµ >	440	MeV/c)
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Reconstructed	events	in	WAGASCI

Baby-MIND

Side-MRD

Muon	charge	ID	efficiency

muon	momentum	(MeV/c)

3	ways
• Quadratic	fit	(Pµ <	~600	MeV)+	

Reconstruction	(Pµ >	~600	MeV)
• Algorism	w/	1 Lever-Arm	track
• Algorism	w/	2	Lever-Arm	tracks



Expected	performance	(3)
• Optional: Proton	track	detection	w/	water-outWAGASCI
• 3mm	thick	scintillators	are	the	CH	active	target
• Proton	momentum	threshold	~	300	MeV/c
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~6	hits	(Pp >	300	MeV/c)

P=250	MeV/c	->	K~30	MeV	->	range	~0.9cm
P=300	MeV/c	->	K~50	MeV	->	range	~2.3cm

Proton	tracks	after	FSI	(CCQE	events)Proton	range	(NIST)
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Neutrino	flux	@	ND280	(OA	=	2.5	deg.)

Proton	momentum	(GeV/c)

Proton	kinematic	E	(MeV)



Expected	performance	(3)
• Optional: Proton	track	detection	w/	water-outWAGASCI
• Pros:	Proton	momentum	threshold	~	300	MeV/c
• Cons:	Low	statistics	~	6000	events/1021 POT
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~6	hits	(Pp >	300	MeV/c)

*	Y.	Hayato @	NuINT17,	Jun	28,	2017

Clear	signature
->	Could	be	tested	w/

low	statistics.



Expected	performance	(3)
• Optional: Proton	track	detection	w/	water-outWAGASCI
• Pros:	Proton	momentum	threshold	~	300	MeV/c
• Cons:	Low	statistics	~	6000	events/1021 POT
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*	Y.	Hayato @	NuINT17,	Jun	28,	2017

Clear	signature
->	Could	be	tested	w/

low	statistics.



Expected	performance	(3)
• Optional: Proton	track	detection	w/	water-outWAGASCI
• Pros:	Proton	momentum	threshold	~	300	MeV/c
• Cons:	Low	statistics	~	6000	events/1021 POT
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*	Ulrich	Mosel	@	NuINT17,	Jun	28,	2017

water-out	WAGASCI
can	measure	proton	
spectra.
(T2K	ND	also	will	do.)

~6	hits	(Pp >	300	MeV/c,
Tp >	0.05	GeV)



Staging	approach
• Step	0:	on-axis	beam*1,	Oct.	2016	– Apr.	2017	(JFY2016)
• WAGASCI	prototype	+	INGRID	mod.

• Step	1:	off-axis	beam*2,	Oct.	2017	- Mar.	2018	(JFY2017)
• WAGASCI	H2O	mod. +	Proton	mod.	+	INGRID	mod.	

• Step	2: off-axis	beam*2,	Arp.	2018	– (JFY2018	-)
• WAGASCI	H2O/prototype	mod.	+	Baby-MIND	+	Side-MRDs

Step	1	(JFY2017) WAGASCI  detector configuration   

H2O/CH Detector 
- 2 Water Modules 
- 2 Plastic Modules 
- 5120 Channels 

Side MRD Detector 
 - 4 Modules 

Downstream MRD Detector 
 - Magnetized Steel / Scintillator Detector 

Step	2	(JFY2018)
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Step	0	(JFY2016)

WAGASCI prototype
• One of the WAGASCI H2O detector installed to J-PARC near detector hall. 

• Check detector response 
• take on-axis beam and measure neutrino cross section 

• Muon identified by INGRID, made of the Fe plates and the scintillator 
trackers

expected neutrino flux and interacted neutrino energy at the candidate site with a positive
focusing mode and negative focusing mode. Mean energy of the flux is 1.5 GeV and 68 %
energy range is around 0.75 – 2.35 GeV.

Fig. 1. The position of the new detector viewed from above (left) and side(right).

Fig. 2. Expected neutrino flux at the candidate site with a positive focusing mode (left) and neg-
ative focusing mode (right). In the left plot, black is νµ. In the right plot, black is νµ and red is
νµ.

1.3 Detector design
The new detector mainly consists of a water tank and plastic scintillators, as shown in

Fig. 3. The size of the water target is 125 × 125 × 46 cm3 and its mass is 0.7 ton. Inside
the water target, plastic scintillator bars are arranged in a 3D grid like structure with a
5 cm interval. The spaces between scintillators are filled with water and the fraction of the
water mass is 79 %. The scintillation light from the scintillator is collected by a wave length
shifting fiber and measured by a low noise MPPC developed by Hamamatsu Photonics. The
total number of readout channels is 1280. The electric signal is processed by Trip-t board,
same as the INGRID. TFB and BEB of the INGRID shoulder modules are replaced for the
new detector. To identify muons, the INGRID at the downstream of the new detector is
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Proton Module
WAGASCI H2O detector

INGRID

νμ

INGRID	mod.

WAGASCI	prototype

WAGASCI	H2O WAGASCI	H2O
+	prototype

Baby-MIND

Side-MRD

INGRID	mod.

Proton	mod.

Done!

*1	on-axis	beam:	0	deg.,				Peak	En ~	1.2	GeV
*2	off-axis	beam:	1.5	deg.,	Peak	En ~	0.7	GeV



Outcomes	from	the	prototype	(1)
• Prototype	started	beam	measurement	on	SS	floor	
of	the	T2K	ND	pit	in	Oct.	2016.
• More	than	3x1020 POT	data	has	been	collected.
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Observed	candidate	n events



Outcomes	from	the	prototype	(2)
• Light	yield
• Mean	~	15	p.e.

• Hit	efficiency
• >	97%	for	all	the	angles
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Light	yield/3mm	for	MIP Hit	efficiency
12ch:	broken	MPPCs
16ch:	damaged	fibers

Data/MC agree	within	1%	level



Outcomes	from	the	prototype	(3)
• Track	reconstruction	efficiency
• >	97%	for	q <	60	deg.

• Cross	section	measurements (coming	soon)
• CC-inclusive,	CC-0p,	CC-1p on	H2O,	CH,	Fe	and	their	ratios

19
Track	angle	q (deg.)

Data/MC agree	within	1%	level

Track	reconstruction	efficiency



Readiness	for	the	next	step	(1)
• WAGASCI
• One	WAGASCI	module	was	constructed	as	a	prototype.	
• The	prototype	started	on-axis	beam	measurement	from	
Oct.	2016	as	T2K	INGRID	water	module.

• Construction	of	another	H2O	module	is	just	completed.
• Commissioning	is	on-going,	then	will	be	installed	in	the	NM	pit	
in	the	Summer	of	2017.
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Glue	WLS	fibers	to	grooves	of		scintillators Assembly	of	H2O	module
OCU	team

Done!Done!



Readiness	for	the	next	step	(2)
• Side	MRD
• 330	scintillators	(200x7x1800mm)	were	produced.
• Milling	of	the	scintillators,	fiber	gluing	and	polishing	of	
optical	connector	were	completed	in	Russia.
• The	mechanical	structure	is	being	designed	by	LLR	team.
• Detector	construction	will	be	completed	in	JFY2017.

21

LLR	teamINR	team

Done!



Readiness	for	the	next	step	(3)
• Baby	MIND
• Construction	of	the	33	magnet	modules	and	18	
scintillator	modules	is	completed.
• 1st beam	test	at	CERN	was	held	in	May	2017.
• 2nd beam	tests	at	CERN	in	June/July	2017,	then	transport	
to	J-PARC.
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Geneva	+	INR	+	CERN	team
Beam	test	@	CERN



Readiness	for	the	next	step	(4)
• Electronics/DAQ

• WAGASCI,	side	MRD:	FEB	w/	SPIROC2D(ASIC)	+	BEBs
• Mass	production	of	FEBs	is	completed.

• Baby	MIND:																		FEB	w/	CTIROC(ASIC)

Different	DAQs

Geneva	team

23

LLR	+	Univ.	Tokyo	team

Electronics	for	WAGASCI	and	side	MRD: FEB	for	BabyMIND:	
fully	tested	w/	CERN	beam	test



Summary
• We	are	developing	a	new	neutrino	detector	aiming	to	
increase	T2K	sensitivities.

• Staging	approach
• Step	0:	on-axis	beam*1 w/	Prototype	+	INGRID	(Done!)
• Step	1:	off-axis	beam*2 w/	WAGASCI	+	INGRIDs	(JFY2017)
• Step	2:	off-axis	beam*2 w/	baseline	configuration	(JFY2018- )

• We	can’t	wait	to	show	first	physics	results	at	the	next	
NuINT.
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*1	on-axis	beam:	0	deg.,				Peak	En ~	1.2	GeV
*2	off-axis	beam:	1.5	deg.,	Peak	En ~	0.7	GeV


