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NEOS-III
@	Yonggwang

IBS-CUP
Future

n program

n Telescope
@	Yemilab

NEON
@	Yonggwang

Need	external	funding
O(~$10M)

for	~3	kton detector

These	two	can	be	covered	by	IBS-CUP	funding.
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CEvNS-NaI
2020	?	–

Coherent	elastic
n-nucleus	scattering

using	NaI
at	-50	OC

CEvNS-CaF2
2021	?	–

Coherent	elastic
n-nucleus	scattering

using	CaF2
or	other	targets

at	cryogenic	temp.	(~10mK)	

“Reactor	n Lab”
@Hanbit

NEOS-II:
2018	-- 2022
Sterile	n,

reactor n anomaly	studies

Future	Exp.
Current	Exp.

NEOS-III:
2021	--

4pi	photo	coverage
w/	SiPM at	-50	OC

Precise	measurement	of
Reactor	neutrino	spectrum 3a.k.a.	NEON



RENO FD

RENO ND

NEOS Site

NEOS
20	m.w.e.

Total	16.8	GWth

(	2x1020 ne/GWth)
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Similar	to	JUNO-TAONEOS-III	Concept:

We	have	more	
overburden.

à Less	background

Image	credit:	J.	Cao

Precise	measurement
of	reactor	n spectrum



CEvNS
Coherent	Elastic	veutrino-Nucleus	Scattering

CsI detector

Freedman
1974

Observed	in	2017
by	COHERENT	@OAK	RIDGE	NL
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Efremenko @IAEA	2019

q NEON:	CEvNS-NaI@Hanbità see	HSLee’s talk	at	DM	session
q CEvNS-CaF2 cryogenic	temp.	@Hanbit:	R&D	by	CUP	Low-temp	group



WbLS R&D
2020	–

WbLS stability,
Purification,
LAPPD,	etc.

Prototype	construction

LS	Telescope
2022	?	–

Precise	measurement	of
Solar	neutrino	fluxes,

Solar	upturn,
Nucleon	decay,
New	physics

“n Telescope”
@Yemilab

Future	Exp.

WbLS Telescope:
2022	?	--

Precise	measurement	of
Solar	neutrino	fluxes,

Solar	upturn,
Nucleon	decay,
New	physics

1st Korean	neutrino	telescope	at	a	few	kton scale.
Good	demonstrator	for	KNO	
w/	successful	WbLS R&D.	

$~30	M	project

or

w/	50~100	kton detector,
very	interesting	physics	

can	be	achieved.

arXiv:1903.05368
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Yemilab @Handuk iron mine

9

~1	km	depth

To	be	completed	
at	the	end	of	2020
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LSC @Yemilab
LSC	=	Liquid	Scintillator	Counter

~3	kton

22m(f)	x	28m(H)

LSC	Hall
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Pit:	22	m	(D)	x	20	m	(H)
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17m

19m

22m

22m 19m 17m

2000(3000,4000)	x	20	inch	PMTs	=	20%	(30,	40)%	coverage

Target:	3.29 kton
Buffer:	1.44	kton
Veto:	2.96 kton

3000	x	5백만원 = 150억
4000	x	5백만원 = 200억

1.5m

1m

Neutrino	Telescope	
@Yemilab

Sunny	Seo	@	IBS 11

T

B

V

Detector Concept (I)



Detector Concept (II)

Credit:	K.S.	Park
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Liquid Scintillator (LS) 
or

Water-based LS (WbLS) Detector
for the n telescope at Yemilab.

We	can	build
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n Target Options



WbLS Detector	at	Yemilab

arXiv:1903.05368
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Water-based	LS	R&D
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Water LS WbLS

New	Tech X X O

Light	Yield X O ∆
Absorption
length O X ∆

Scalability O X
(Max.	20kton)

∆

Directionality O X ∆
Budget $ $$$ $$

Comparison



Water-based	LS	R&D

50	kton
WbLS

WbLS Future	Neutrino	Detector	@Yemilab



Solar n Studies

18Sunny	Seo @	IBS



Geo & Supernova Burst/Relic n
50	kton WbLS



Sterile n Search

~170	kton



0n2bb Search



t1/2 ~	1026 yr

t1/2 ~	1027 yr

t1/2 ~	1029 yr

nEXO,	NEXT-2.0,	PandaX-III	1t,	Kamland2-ZEN,	SNO+-II,	LEGEND-1000,	CUPID

~	1	ton	next	generation	experiments:

Dream	detector



Nucleon Decay

nà 3n p	à e+p0 p	à nK+



Reactor n Studies

24

§ Closest	reactor	complex:	Hanul (~65	km)
§ ~2,000	neutrinos/year	with	n oscillation

(100%	detection	efficiency,	5	kton WbLS)

5	kton WbLS
@	Yemilab

Sunny	Seo	@	IBS HEP	Roadmap	Meeting	2019.09.20



Dark Photon Search (I)
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See	H.	Park’s	talk	
at	Dark	Matter	session



Dark Photon Search (II)
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See	H.	Park’s	talk	
at	Dark	Matter	session
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Time profile of PMT hits from 
Cherenkov and scintillation light

1%	PC
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Large Area Picosecond PhotoDetector
LAPPD
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R&D



Conclusion for WbLS n Telescope
qWater-based	Liquid	Scintillator	(WbLS)	combines	the	advantages	
of	both	water and	liquid	scintillator:	directionality,	lower	absorption,	
good	energy	resolution,	low	energy	threshold

qWbLS is	not	a	proven	technology	yet:	R&D	on-going	(USA,	Germany)

q Fast	timing	and	high	efficient	photo	detector	R&D	is	also	needed.

q If	successful	then	it	covers	broad	physics	programs:	
solar	n,	nucleon	decay,	0nDBD,	Supernova	(relic)	n,	Geo,	dark	g,	etc

qWbLS:	environment	friendly,	cost	effective,	large	detector

q If	WbLS R&D	successful,	can	be	applied	to	KNO.
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Why Important ?

q Developing	new	technologies

q The	first	neutrino	telescope	in	Korea

q Good	demonstrator	for	KNO

WbLS,	LAPPDs,	water+oil purification	system,	etc

~3	kton vs.	260	kton

~3	kton
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OR

@Jinping
China

1~4	kton LS	or	
water-based	LS

arXiv:1602.01733
J.	F.	Beacom et	al.
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Benefits

q To	build	up	more	experts	on	n physics.
Good	preparation	for	KNO

qMulti-messenger	neutrino	astronomy
for	more	than	10	years

q Precise	measurements	of	solar	n fluxes

q Developing	new	technologies
WbLS,	LAPPDs,	water+oil purification	system,	etc
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qProof of concept (POC): 50~100 kg WbLS @ surface

qPrototype: ~3 ton WbLS (D: 2.2m, H: 2.2m cylinder)
@ surface or J-PARC for beam test

qFull detector: ~3 kton (D: 17 m, H: 17 m cylinder) WbLS
@Yemilab

Plan
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Rough Timeline & Budget (I)

qPhase 1 (2020 -- 2022)
• POC: 50~100 kg WbLS
• Budget: ~$0.2M
• 2020 – 2021: WbLS R&D and construction
• 2021 – 2022: PMT test using POC at surface

qPhase 2 (2022 -- 2024)
• Prototype: ~3 ton WbLS
• Budget: ~$2M
• 2022–2023: construction of the prototype detector
• 2023–2024: fine-tuning, taking data at surface
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Rough Timeline & Budget (II)

q Phase 3 (2024 -- )
• Full 3 kton WbLS
• Budget: $20 ~ $40M, 2k~4k PMTs
• 2024 – 2024: arcylic/STS vessel production
• 2025 – 2025: PMT installation
• 2026: Fill liquid, Electronics installation

and start data-taking @Yemilab

q Phase 4 (2023 -- )
• KNO 260 kton WbLS Detector ??
(** beyond scope of this proposal.)
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