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Motivation	– why	is	supernova	detection	via	
neutrinos/antineutrinos	important?
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Point	
telescope	
here

Main	advantages

• Advanced	warning	of	a	Supernova,	potentially	a	few	hours.	
Allows	to	inform	astrophysical	community	to	be	on	guard

• Directionality	capabilities	can	
inform	on	exactly	where	to	look

• Neutrino	and	antineutrino	can	
probe	different	period	of	the	
collapse,	tagging	flavors	can	
inform	on	core	collapse	physics

Taken	from	Irene	Tamborra,	Supernova	Neutrinos:
New	Challenges	and	Future	Directions,	Neutrino	2016	



What	is	this	talk	about?	What	is	it	not	about?

This	talk	describes	a	Gedanken experiment
• Are	there	advantages	to	using	water-based	liquid	

scintillator	compared	to	pure	water?
• Can	we	use	supernova-induced	radio-isotopes	to	

better	separate	antineutrino	from	neutrino	
interactions?
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This	talk	is	not,
• An	in-depth	review	of	any	specific	water	 or	

wbls detector
• A	review	of	supernovae	detectors	(liquid	

Argon,	…)



Hyper-Kamiokande

Current	and	future	detector	technology	– Pure	Water	SK-Gd/HK
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Approval from SK and T2K to empty tank in 2018 for 
commissioning

T0 = Start refurbishment of SK detector
T1 = Add first gadolinium sulfate (0.000% → 0.002%→ 0.020%) 
T2 = Full loading of gadolinium sulfate (0.20%) 

Super-Kamiokande	+		Gadolinium

Neutron	capture	on	Gd
(8	MeV	of	γ’s,	~4	MeV	visible)

Table	provided	by	M.	Vagins



Current	and	future	detector	technology	– THEIA	
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images	from	G.D.	Orebi Gann	FroST2016

Can	we	design	with	adequate	absorption	length?

Can	we	separate	Cherenkov/Scintillation	for	directionality?



Current	and	future	detector	technology	- WATCHMAN
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Detect the ON/OFF power cycle of 
a single reactor: 
• at 10-25 km standoff with a  

kiloton-scale Gd-H2O detector

Phase I: Observe reactor antineutrinos 
with Gadolinium-doped water
Phase II: Observe reactor antineutrinos 
with a WbLS fill

Technology Demonstration:Main	Project Objective:

or

HARTLEPOOL	REACTORS	(UK) a PERRY	REACTOR	(US)WATCHMAN	DETECTOR

aaaaaaaaaaaa
aaaaaaaaaaaa

aaaaa

A	1-kton	volume	is	a	good	test	case	for	spatial	background	characterizing	studies	



Note	on	Water-Based	Liquid	Scintillator	(WbLS)	potential	and	
drawbacks	compared	to	pure/Gd-doped	water
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*	Breaks	the	Smy rule,	i.e.:	10	p.e. required	for	any	
Cherenkov	detector	to	work	from	a	reconstruction	point	
of	view

15O	in	WbLS (4%	Scintillator),	a	clear	signal	
At	~40	p.e./MeV,	light	collected:				[41-108]	pe

15O	in	SK	Water,	more	or	less	invisible
At		~6	p.e./MeV,	light	collected:								[0-10*]	pe

15O	also	is	present	in	Neutral	Current	interactions

Drawback:	Pointing	resolution	
degradation	in	WbLS.	Relies	on	
Cherenkov/Scintillation	separation		
effectiveness	

✓✗

water/WbLS

water WbLS

SK	water WbLS

✗

✗
✓

✓

Advantage:	enhanced	positron	detection	(light	from	annihilation	gammas)

Advantage: 16F/15O	detection	(Q-Value	of	1.732	MeV	)	



Neutron	emitting	interaction	dominate	and	will	probe	the	
Supernova	temperature
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Langanke,	Vogel	and	Kolbe	PhysRevLett.76.2629

NC	(~5%)

IBD	(~90%)

Minor	WbLS advantage:	Better	energy	
resolution	to	probe	SN	temperature

Neutral	current	(NC)	events	should	produce	
neutrons	in	~55%	of	the	visible	interactions.	
All	of	the	neutron	emitting	NC	also	produce	
15O	
~30%	of	all	NC	should	produce	a	single	
neutron	with	no	associated	gamma.	Could	
potentially	cause	mis-reconstruction	of	IBDs T	=	8	MeV

T	=	6.3	MeV

T	=	8	MeV

T	=	6.3	MeV



16N 16F	chainn-H2On-H2OGd

Supernova	interactions	and	the	power	of	IBD	tagging
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Water	(~9	pe/MeV	WATCHMAN)

Rat-pac	WATCHMAN	simulations

*Arxiv.1409.5864v3

Electron/positron	kinetic	energy	distribution	and	rates	for	a	
T	=	5	MeV	supernova,	at	10	kpct

(NC not drawn)

NC	or	n-capture	γ’s not	drawn

Spectral	prompt	shape	and	total	rates	for	a	T	= 4	
MeV	SN,	at	10	kpct



Daughter	16N	and	16F	displacement	due	to	diffusion	in	water	
volume
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Diffusion	length

Diffusion	Density	Model • Using	water	diffusion	
properties.	WbLS diffusion	
properties	are	as	of	yet	
unknown,	but	assumptions	are	
that	the	material	will	have	a	
lower	diffusion	coefficient	

• Assumes	no	constantly	running	
recirculation

16F	chain

16N

16N 16F	chainn-H2On-H2OGd

Function	taken	from	SNO-STR-96-013,	SNO	
technical	document	



All	the	ingredients	for	a	multivariate	analysis
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Event	generation

Energy-time	response
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Neutrino	Average	Energy2
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Neutrino	Time	Signature1

Daughter	spatial	drift 5
16N 16F	chainn-H2O
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SN	direction	
reconstruction…

Likelihood	method	models	
are	being	implemented

Plots	from	Irene	Tamborra,	Supernova	Neutrinos:
New	Challenges	and	Future	Directions,	Neutrino	2016	
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Take-home	message
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What	was	this	about?
• Are	there	technical	advantages	to	using	water-based	liquid	scintillator	

compared	to	pure	water	+	Gd?
• WbLS allows	the	observation	of	the	16F	chain,	allowing	to	identify	

that	a	CC	or	NC	interaction	has	occurred.

• Can	we	use	supernova-induced	radio-isotopes	to	better	isolate	neutrino	
from	antineutrino	interactions?

• Yes.	WbLS will	be	more	efficient	at	tagging	antineutrino	originating		
16N	events,	resulting	in	a	cleaner	neutrino	sample

• This	is	a	still	a	fairly	new	technology.	Further	measurements	are	needed,	
such	as	for	mean	absorption,	demonstration	of	Cherenkov/Scintillation	
separation,	diffusion	properties	of	WbLS.

WbLS allows	more	precise	characterization	of	a	Supernova	via	
sensitivity	to	15O	(produced	in	certain	CC	and	NC	interactions)



Backup:	Note	on	cleanliness	targets

Since	this	is	a	new	technology,	there	are	unknowns	on	the	purification	levels	
one	can	achieve	with	WbLS
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UC	Davis	is	showing	promising	preliminary	results	with	nano-filtration	
systems


