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Structure of the Presentation

§  Introduction/Motivation/Design Strategy  - Jung 

§  Overall Layout of a Hybrid ND w/ 3DST  - Jung 

§  3DST Options and Performances   - Minamino 

§  A List of Potential Collaborators on 3DST  - Jung 

§  Summary       - Jung  
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Introduction/Motivation/Design Strategy

§  ND design should try to incorporate broad knowledge we 
have gained from the past and current experiments including 
their shortcomings  

¬ Take advantage of T2K ND280 upgrade work which shares 
largely overlapping design goals with the DUNE ND 

⁃  3rd Workshop on "Near Detectors based on gas TPCs for 
neutrino long baseline experiments” – An open workshop 

https://indico.cern.ch/event/633840 

 (Minamino’s slides are based on the materials from this 
workshop.) 
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Introduction/Motivation/Design Strategy

§  Prepare to adopt the advance in the neutrino physics 
¬ Projecting to the status of our knowledge in 10 years  

⁃  Utilize the knowledge to be gained from both the LAr TPC 
experiments (ProtoDUNE, CAPTAIN and SBN detectors) and 
Scintillator detectors (MINERvA, T2K and NOvA)   

⁃  Prepare to deal with new sources of systematic errors that 
are unknown today   e.g.) 2p2h 

⁃  Include complementary subdetectors that can better address 
physics requirements and syst. errors in a robust way 
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Introduction/Motivation/Design Strategy

§  Design Strategy 
¬ The design should satisfy essential physics requirements 

including: 

⁃  νe and νe-bar interaction measurement capability 

à Charge separation w/ magnetic field, e/γ separation 

à Control of systematic errors on νe / νµ and ν / ν-bar  cross-
section ratios 

⁃  ν e scattering measurement capability 

à Fully active and fine-grained detector w/ sufficient angular 
and energy resolutions, and large fiducial mass 

à Highly desirable for flux constraint 
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Introduction/Motivation/Design Strategy

⁃  Capability for full investigation of neutrino interaction models 
including 2p-2h models 

à Full 4π coverage 

à Common shortcomings of the current experiments  

¬  The ND should be able to provide meaningful constraints in 
the early running period of the experiment  

¬  The design elements (sub-detectors) should attract a broad 
group (consortium) of interested institutions  

¬  The design elements (sub-detectors) should have plausible 
funding scenario/path 
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Not shown: Possible TOF 
counters around GTPCs 

A Hybrid-Detector Configuration w/ 3DST 
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Not shown: Possible TOF 
counters around GTPCs 

A Hybrid-Detector Configuration w/ 3DST 

Top View 
to scale 
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3D scin(llator tracker 
op(ons/performance 

A.	Minamino	(YNU)	
DUNE	ND	workshop	

June	9,	2017	
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This is a summary of what we have discussed 
at a T2K near detector upgrade workshop,  
“3rd Workshop on Near Detectors based on gas 
TPCs for neutrino long baseline experiments”. 
Details are found in the indico page of the 

workshop, 
hHps://indico.cern.ch/event/633840/ . 
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Personal thoughts 
• Current	criteria	for	the	T2K	ND	upgrade	design	

•  Cover	the	full	muon	polar	angle	
•  3D	scinKllator	tracker	+	Top/BoOom/Downstream	TPCs	

• With	carbon	targets	
•  3D	scinKllator	tracker	can	be	used	as	a	full	acKve	neutrino	
target	detector.	

•  Increase	the	efficiency	for	low	momentum	protons	
•  Granularity	of	3D	scinKllator	tracker	will	be	opKmized.	

•  Improve	the	purity	of	the	nue	sample	in	the	low	
momentum	region	

•  Gamma-rays	induced	by	neutrino	interacKons	are	the	main	
backgrounds.	

•  Granularity	of	3D	scinKllator	tracker	is	important	to	idenKfy	the	
electron/positron	pair	tracks	created	by	the	gamma-ray	BGs.	

•  We	are	studying	the	possibility	to	idenKfy	gamma-ray	BGs	by	
counKng	the	light	yield.	In	order	to	do	that	energy	resoluKon	
should	be	high	enough	to	disKnguish	a	single	electron	from	a	
electron/posiKon	pair. 
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Personal thoughts 
• Discussion	points	

•  Importance	of	the	full	muon	polar	angle	coverage	for	
DUNE	is	not	clear.	

•  Muons	in	DUNE	go	more	forward	than	T2K	because	DUNE’s	
neutrino	energy	is	higher	than	T2K.	

•  Phase	space	of	the	muons	in	the	DUNE	ND	should	be	checked.	
•  Neutrino	energy	reconstrucKon	ways	are	different.		

•  T2K:	muon	kinemaKcs	+	CCQE	assumpKon	
•  DUNE:	Calorimetric	

•  The	target	nucleus	of	the	DUNE	near(main)/far	
detectors	is	argon,	and	that	of	the	3DST	is	carbon.	

•  Chang	Kee’s	idea	is	to	use	the	3D	scinKllator	tracker	data	as	a	
bridge	between	MINOS/MINERVA/NOVA/T2K	and	DUNE.	

•  It	is	important	to	make	clear	what	systemaKcs	of	the	neutrino	
interacKons	for	DUNE	oscillaKon	analyses	can	be	constrained	
by	the	3DST	measurements.	

•  It	is	also	important	to	make	the	decision	if	nue	measurement	
will	be	done	with	the	3DST	or	not	based	on	the	impact	for	the	
DUNE	oscillaKon	analyses.	
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WAter Grid And SCIn(llator detector 
(WAGASCI) 

The design is op(mized for water target 
measurements. 
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WAGASCI design 
•  3D	grid	neutrino	detector		

•  x	+	grid	+	y	+	grid	+	…	layers	
•  4π	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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3mm	thin	scinKllator	bar		
made	@	Fermi-lab	is	used. 
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WAGASCI	+	new	TPCs 

Current	ND 

New	4π	ND 

Target	1:	WAGASCI	w/	water	
Target	2:	WAGASCI	empty	



R&D with prototype 
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R&D with prototype 
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Observed	candidate	
	ν	events 



R&D with prototype 
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ScoH Oser’s slide 
at ND upgrade TF mee(ng (Jan. 4, 2016) 



Super FGD 

20 

hOps://indico.cern.ch/event/633840/Kmetable/	
Please	check	the	secKon	“Super-FGD” 



•  Extruded plastic scintillator
•  Light collected by 3 fibers --> Tot # of p.e. ~x3 than (needs teste)

•  Each cube coated with TiO2 to keep light entrapped inside the cube --> may 
expect better light yield than long plastic bar (needs test) 

•   1 particle interaction (energy released) would produce light collected in the 3 
fibers at the same time --> 1 track interaction = 1 hit!!!

1cm
1cm

SuperFGD

Idea of Davide 
Sgalaberna and 
Andrea Longhin
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Scin(lla(on fiber detector 
(my personal preference, 

but it may be difficult for T2K ND-
upgrade, considering the cost 

issues.) 
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Advantages of Scin(lla(on fiber detector 

• Could	disKnguish	νe	from	γ	BGs	using	track	paOerns	
•  νe	events:	1	electron	track	in	the	target	detector	
•  γ	BGs:								2	electron	tracks	

• Can	operate	as	a	full	acKve	CH	target	
•  Vertex	acKvity	can	be	used	to	disKnguish	νe	from	γ	BGs	

• Can	reconstruct	large	angle	tracks	with	high	
efficiency	

•  even	with	the	convenKonal	XY-layer	configuraKon	because	
of	high	granularity	

•  Higher	efficiency	could	be	achieved	by	adopKng	the	
FGD-3D	idea	proposed	by	ScoO	Oser	

• OpKonal:	Can	reconstruct	short	proton	tracks	
•  ~1cm-long	track	w/	1mm	fiber	=	250	MeV/c	proton	 24 
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νµ events in 0.8 ton target for 1021 POT 

Proton	tracks	aper	FSI 

1mm	fiber		
(P	>	250	MeV/c)	
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Challenges 
•  Large	number	of	channels	in	the	limited	space	

•  Assuming	1mm(2mm)	fiber	w/		YZ	readout	
•  Y	layer	x	300(150),	Z	layer	x	300(150)	
•  Y	layer	=	1300(650)	fiber,	Z	layer	=	1864(932)	fibers	
•  Total:	1300	x	300	+	1864	x	300	~	1,000,000	fibers	
•  											(650	x	150	+	932	x	150	~	240,000	fibers)	

26 

~1.5	tons 
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Summary (personal thoughts) 
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Carbon	
target 

Full	
angle	
(muon) 

Low	thre.	
for	

protons 

nue	
measur

. 
R&D Cost 

WAGASC
I	

(w/o	H2O) 
 ○ ○ ✕ ○ ○ 

Super-	
FGD ○   (*1) (*2) ○ 

ScinR.	
fiber ○ ○   Not	yet ✕ 

(*1)	If	we	can	idenKfy	gamma-ray	BGs	by	counKng	the	light	yield,	 	->	○ 
(*2)	We	plan	to	start	R&D	of	Super-FGD	soon,	probably	next	month. 
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A list of Potential Collaborators on 3DST

§  Expressed Initial Interests  
¬ Yuri Kudenko (INR, Russia)  

§  Under discussion 

¬ CERN 

¬ Chung-Ang University, S. Korea 

¬ Various U.S. members and institutions 

¬ … 
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Summary

§  A hybrid detector design w/ a 3DST:  
¬ will be a robust system that is less subject to specific 

deficiencies of a particular detector technology 

¬ can be optimized to meet all critical physics/FOM requirements 

¬ will bring a broad participation of collaborators  

¬ presents detector elements for which plausible funding scenario/
path can be envisioned (excluding the magnet)  
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Spplements
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The 3-axis structure 
(FGD3D) 
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J-PARC T59: R&D of WAGASCI 
•  3D-grid	detector	=	WAGASCI	
•  Side	muon-range	detector	(Side	MRDs)	
• Downstream	magneKzed	MRD	=	Baby	MIND	

34 

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 

J-PARC	NM	B2	floor 
Detector	locaKon 



J-PARC T59: R&D of WAGASCI 
• MoKvaKon	

•  Test	performance	of	3D	grid	neutrino	detector.	
•  Test	parKcle	direcKon	ID	capability	using	TOF	between	
WAGASCI	and	MRDs.	

•  OpKonal:	Test	performance	of	WAGASCI	w/o	H2O.	
•  Higher	efficiency	for	low	momentum	protons	

•  Neutrino	flux	is	different	from	ND280.	
•  The	flux	difference/their	sharp	falling	edge	can	be	used	to	test	the	
energy	reconstrucKon	resoluKon	and	migraKons.	
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Candidate	
site 



Physics mo(va(on 
• DetecKon	of	νe	interacKon	at	low	energy	with	higher	
purity/efficiency.	

• DetecKon	of	large	angle	tracks	with	higher	efficiency	
• OpKonal:	DetecKon	of	proton	tracks	with	lower	
threshold	

36 

A	scinKllaKon	fiber	detector	could	provide	the	soluKon. 
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The End


