
Dark	Ma'er	Searches	at	SNOLAB:	
looking	for	WIMPs,	
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Outline	

•  The	case	for	dark	ma'er	

•  SNOLAB:		
The	canadian	deep	underground	science	laboratory	

•  2	extremes	WIMPs	detectors:		
– DEAP3600	
– NEWS-G	
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Dark	ma'er:	
Converging	evidences		
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Dark	ma'er:	
Converging	evidences		

Expected profile from visible disk 

V.	Rubin,	K.	Ford	and	N.	Thonnard,	The	Astrophysical	Journal,	238	(1980):	471-487	

1
9
8
0
A
p
J
.
.
.
2
3
8
.
.
4
7
1
R

Galaxy	rota\on	curves	

4	



Dark	ma'er:	
Converging	evidences		

Contour:	Mass	distribu\on	
(gravita\onal	lensing)	

Color:	Hot	gases	
(X-rays)	

Clowe	et	al,	The	Astrophysical	Journal,	648	(2006),	106-113	
Bullet	cluster	

Expected profile from visible disk 

V.	Rubin,	K.	Ford	and	N.	Thonnard,	The	Astrophysical	Journal,	238	(1980):	471-487	
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Dark	ma'er:	
Converging	evidences		

CMB: image ESA/Planck 

Cosmic	Microwave	Background	

Contour:	Mass	distribu\on	
(gravita\onal	lensing)	

Color:	Hot	gases	
(X-rays)	

Clowe	et	al,	The	Astrophysical	Journal,	648	(2006),	106-113	
Bullet	cluster	

Expected profile from visible disk 

V.	Rubin,	K.	Ford	and	N.	Thonnard,	The	Astrophysical	Journal,	238	(1980):	471-487	
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Dark	ma'er:	
Converging	evidences		

CMB: image ESA/Planck 

Cosmic	Microwave	Background	

Dark	Energy	
68.3%	

Dark	Matter	
26.8%	 Baryonic	Matter	

4.9%	

Universe	composition	(Mass-Energy	density)	

Contour:	Mass	distribu\on	
(gravita\onal	lensing)	

Color:	Hot	gases	
(X-rays)	

Clowe	et	al,	The	Astrophysical	Journal,	648	(2006),	106-113	
Bullet	cluster	

Expected profile from visible disk 

V.	Rubin,	K.	Ford	and	N.	Thonnard,	The	Astrophysical	Journal,	238	(1980):	471-487	
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Many	candidates…	
•  Massive	Astrophysical	Compact	Halo	Objects	
(MACHOS):	<16%	(surveys)	

•  Sterile	neutrinos	

•  Axions	

•  Weakly	Interac\ng	Massive	Par\cles	(WIMPs)	
	

•  …	
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The	mul\ple	paths	to	dark	ma'er	
Annihila\on/decay	

Dark	ma'er	

Dark	ma'er	 Standard	Model	

Standard	Model	

γ, ν, cosmic rays 
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The	mul\ple	paths	to	dark	ma'er	
Produc\on	

Dark	ma'er	

Dark	ma'er	 Standard	Model	

Standard	Model	

Missing 
transverse energy 
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The	mul\ple	paths	to	dark	ma'er	
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	 Dark	ma'er	

Dark	ma'er	 Standard	Model	

Standard	Model	
Nuclear recoil 
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Annihila\on/decay	 γ, ν, cosmic rays 
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Direct	detec\on	techniques	

(Super)CDMS 
EDELWEISS 
Ge, Si 

DEAP 
CLEAN 
XMASS 

DAMA/LIBRA 
ANAIS 

NaI, Xe, Ar, Ne, CF4 

ZEPLIN (II&III) 
XENON 

LUX 
WArP 
ArDM 

DarkSide 
PandaX 
Xe, Ar, Ne 

 

Phonons 

Scintillation Ionisation  

Superheated 
fluids 

SIMPLE 
PICASSO 
COUPP 
PICO 
CF3I, C4F10, C2CIF5 

CRESST II 
CaWO4, BGO, ZNWO4, Al2O3… 

CUORE 
CRESST I 

TeO2, Al2O3, LiF 

CoGeNT 
DRIFT 
DM-TPC 
DAMIC 
MIMAC 
CDEX 
NEWS-G 
Ge, CS2, C3F8 
Ne, He, H 
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Mul\ple	background	suppression	
strategies	

Passive	shielding	(external	Background)	

Discrimina9on	
(Internal	background)	
•  Ac\ve	veto	
•  Energy	
•  Posi\on	
•  Pulse	shape	
•  …	

Ac\ve	
volume	

μ	

α	β	
γ	n	
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Mul\ple	background	suppression	
strategies	

Ac\ve	
volume	

μ	

α	β	
γ	n	

Neutrons	mimicking	WIMP	signal		
=>	All	sources	need	to	be	removed	or	shielded		 16	

Passive	shielding	(external	Background)	

Discrimina9on	
(Internal	background)	
•  Ac\ve	veto	
•  Energy	
•  Posi\on	
•  Pulse	shape	
•  …	



The	cosmic	rays	problem	

Source:	CERN	

•  High	energy	muons	travel	deep	

•  Produc\on	of	unstable	isotopes	

•  Muon-induced	spalla\on=>	neutrons	
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The	cosmic	rays	problem	

Source:	CERN	

•  High	energy	muons	travel	deep	

•  Produc\on	of	unstable	isotopes	

•  Muon-induced	spalla\on=>	neutrons	

Measurement	of	Cosmic	Ray	Flux	in	China	JinPing	underground	Laboratory		Arxiv:1305.0899	
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èGoing	deep	!	
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èGoing	deep	!	



0.27 muon/m2/day 

Sham	headframe	
SNOLAB	Surface	facility	
-  Offices	
-  Clean	laboratory	
-  Warehouse	
-  Machine		shop	

SNOLAB	
Underground	facility	

Greater	Sudbury	(Ontario)	

Credit:	Google		map	

6800	m	
2000	m	
6060	m.w.e	

Credit:		Inconsiderate	Hat	blog	

Lab	entrance:	boot	wash	
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Mine	(ac\ve)	
Airlock	
Clean	room	(Class	2000)	

Mine	dust	is	(one	of)	the	enemy(ies)..	

<2000	par\cles	>=	0.5μm/m3	
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…	everything/everyone	must	be	clean	!	

Car	wash:	dirty	side	

Car	wash:	Clean	side	

Showers	

Credit:	Randy	Risling/Toronto	Star	
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Experiment	
Support	
Logis\c/u\li\es	
Available	
Access	

Refuge/lunch	room	
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Showers	

Toilets	!	



Experiment	
Support	
Logis\c/u\li\es	
Available	
Access	

Clean	Machine	shop	

Low	background	coun\ng	

•  3	Ge	counter	
•  Well	detector	
•  Emana\on	chamber	
•  XR	fluorescence	
•  Alpha	counter	
•  Low	Rn	lab	

Chemistry	lab	

24	

Offices	in	construc\on	



The	Nobel	Prize	 in	Physics	2015	was	awarded	
jointly	 to	 Takaaki	 Kajita	 and	 Arthur	 B.	
McDonald	 "for	 the	 discovery	 of	 neutrino	
oscilla9ons,	which	shows	that	neutrinos	have	
mass"	

The	SNO	detector	

Ø12m	Acrylic	vessel	
(heavy	water)	
	
~9500	Photomul\pliers	
	
Light	water	(ultra-pure)	

h'p://www.nobelprize.org/nobel_prizes/physics/laureates/2015/	
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New	neutrinos	detectors	

HALO:		
Supernova	detector	

SNO+:		
Neutrino-less	double	β	

Next	genera\on	0νββ	
Experiment	
Support	
Logis\c/u\li\es	
Available	
Access	
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FLAME:	
Effect	of	stress	(higher	air	pressure)	
on	fruits	flies	

Experiment	
Support	
Logis\c/u\li\es	
Available	
Access	

REPAIR:	
Effect	of	low	radioac\vity	
on	fish	egg	development	

Newcomers:	biology	 27	



WIMPs:	an	extensive	search	

PICO	50	

PICO	2L	

DAMIC	

SuperCDMS	

Experiment	
Support	
Logis\c/u\li\es	
Available	
Access	

MiniCLEAN	

DMTPC	(Proj)	
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Experiment	
Support	
Logis\c/u\li\es	
Available	
Access	

WIMPs:	my	extensive	search	

DEAP-3600	
(in	opera9on)	

NEWS-G	
(in	construc9on)	
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Experiment	
Support	
Logis\c/u\li\es	
Available	
Access	

WIMPs:	my	extensive	search	

DEAP-3600	
(in	opera9on)	
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WIMP	search	(SI),	state	of	the	art	

~	1event/kg/day	

~	1event/100kg/year	

Bi
gg
er
	

de
te
ct
or
	

Lower	threshold	
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WIMP	search	(SI),	state	of	the	art	

Heavy	WIMP	search	dominated	by	Xenon	TPCs	
What	if	we	used	Argon	instead?	
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Intrinsic	background	

33	

Pros:	
§  Easy	to	purify	
§  Transparent	to	
scin\lla\on	light	

§  40	photons/keV	
§  Rela\vely	high	A	
§  Favorable	form	factor	
(mχ	>1000GeV)	

	



Intrinsic	background	

Cons:	
•  Need	Wavelength	Shimer	

•  Natural	Argon:																					
1Bq/kg	39Ar	(β-,	565keV)	
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Pros:	
§  Easy	to	purify	
§  Transparent	to	
scin\lla\on	light	

§  40	photons/keV	
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§  Favorable	form	factor	
(mχ	>1000GeV)	

	



Pulse	shape	discrimina\on	
Scintillation depends on Linear Energy Transfer 

	

Electron 
(γ/β) 

Nuclear recoil 
(neutron/WIMP) 

Time	(ns)	

Time	(ns)	

Li
gh
t	I
nt
en

sit
y	

Li
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t	I
nt
en

sit
y	

Photo-coun\ng	sta\s\c	cri\cal	!	

β	
γ	

Astropar\cle	Physics	85,	(2016),	Pages	1–23	 

0	

0	

150	

150	
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Single	phase,	spherical	detector	

¡  3600	kg	purified	LAr																				
(1000kg	fiducial)	

	
¡  Wavelength	shimer	

¡  128nm	à	420nm	

	
¡  Maximum	light	detector	

coverage	(75%)	
¡  No	shadowed	area	

¡  0.5m	plas\c	shield		
36	



Acrylic:		
DEAP’s	“secret	weapon”	

•  Part	of	neutron	shield	
•  Light	guides	bonded	for	max	light	transmission	

Light guide bonding 

Vessel cast from 
distilled monomer 
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Polyethylene	
Styrofoam	

Complete	the	shield:	

Maximum	light	detec\on:	
•  Specular	reflectors	
•  Diffuse	reflectors	
•  255x	Hamamatsu	R5912	
HQE	(32%	QE)	

Filler block 38	



Magnetic field 
compensation coils (x4) 

Magnetometers 

Water tank  

Calibration tube 
(22Na, 3.7MBq) 

Calibrations tubes (x3) 
(AmBe, 5000n/s) 

Picture:	M.Ward	

48 VETO PMTS 
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Removing	the	surface	
contamina\on	

Ø Mechanical	sanding	of	the	
AV	inside	surface	(<10	α/
m2/day)	
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Data	taking	\meline	(2016-2017)	

Argon	Gas	 1st	fill	 2nd	fill	 Full	detector	N2	
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2	fills?	Aug	17th	incident	

280kg-year exposure before incident 
(before fiducialization and other cuts) 

•  Seal	failure	at	the							
acrylic	–	steel	interface	
–  Seals	got	too	cold	
–  Rn	scrubbed	N2	leaked	into	
the	liquid	argon	→	100ppm	

•  More	than	the	purifica\on	
system	can	handle	

•  Remedy	
–  Vent	Argon	&	Refill	
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Amermath	of	the	
incident	

DEAP-3600	 DEAP-3260	

Liquid	level	set	at	safe	
distance	from	the	seal	
	
	
	
	
	
Impact	es\mate	on	
opera\ons	on-going	
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PMT	understanding:	cri\cal	

Single Photoelectron 
charge calibration 

Dark rates when getting cold:  
1)  Thermionic emission 
2)  Non-thermionic emission 

1 

2 
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Argon	purity:	excellent	!	

Triplet (long) lifetime comparable to literature 
è Good argon purity 
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DEAP-3600	expected	sensi\vity	
3	ton-year	of	background-free	data,	60keVr	
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Experiment	
Support	
Logis\c/u\li\es	
Available	
Access	

WIMPs:	my	extensive	search	
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NEWS-G	
(in	construc9on)	



Nothing	yet	at	high	mass?	
Let’s	look	for	lighter	WIMPs	

No	probes	here…	yet	
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Detec\on	of	low	mass	par\cle	
•  Kinema\cal	match	
•  To	detect	flying	ping	pong	balls	is	it	be'er	to	have	as	target	:	

–  Curling	stone	?	
–  Ping	pong	balls	?	

•  =>	use	light	nuclei	to	detect	light	WIMPs	
•  H,	He,	Ne	lightest	among	noble	gas	
	

Recoil	distribu\ons		with	various	targets	

He	
He	

Ge	SuperCDMS	

NEWS	
Ge		

49	



New	Experiments	With	Spheres	(Gas)	
•  Spherical	detector	
•  Single	electrode	
•  Spherical	propor\onal	counter/

TPC	
•  Flexible	(P,	gaz)	

Ø Low	threshold		~50	eVee						
independent	on	sphere	radius	

Ø Large	mass	/	large	volume	
(~30	kg)	with	single	channel	

HV	(~2500	V)	

Signal	

r1	

r2	

r1 >> r2

⇒ E(r) ≈ V0
r2
× r2

⇒C ≈ 4πεr2 ~ 0.1pF

!
E(r)
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New	Experiments	With	Spheres	(Gas)	

•  2	old	LEP	RF	cavity	Ø130	cm	used	for	
test	(prototypes)	

•  1		low	ac9vity		Ø60	cm	in	opera9on			
@	Laboratoire	Souterrain	de	Modane	

Saclay:	I.	Giomataris	&	G.	Charpack	 Thessaloniki	U.	
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Amplitude (AU) 

α  210Po 
5.3 MeV 

n capt on 3He  
764 keV 

α  210Po 
5.3 MeV 

from 210Pb  
@ Cu surface  

Range = 15 cm  

n capt on 3He  
=>   p + T 

222Rn 218Po 214Po  

1 2 
3 

Recoils from fast neutron/dark matter expected here 

Rate 400 capt/d 

« Volume » alpha 

Illustra9on	of	par9cle	iden9fica9on	at	MeV	energy	

PL	

Point	like	

Tracks	Ar/CH4	+	3g	3He	@	200	mb	SPC	130cm	Ø		@	LSM	
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Implementa\on	at	SNOLAB:	fall	2017	

Lead	shield	

35	t	shields	

Copper	vessel	

Glove	box	for	rod	change	
•  140 cm Ø, 12mm thick!
•  10 bars!
•  Ne, He, CH4!

25 cm lead shield:!
•  3cm inner: archeological!
•  22cm outer: very low activity!

40 cm Polytethylene !
+ Boron sheet!
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S\ll	R&D	underway	
•  Sphere	fabrica\on	
•  Lower	ac\vity	copper.	
•  Cleaning	with	high	pressure	water	

Copper	spinning	test		

New	“achinos”	sensors	

•  Single	channels	“achinos”	for	be'er	
amplifica\on	

•  Mul\	channels	sensors	
54	



NEWS-G	expected	sensi\vity	
100	kg-day,	1	electron	threshold	
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Don’t let the bright lights  
fool you ! 

 
The DARK SIDE  

controls the Universe 
 

Dark Matter holds it together 
Dark Energy determines its 

destiny 

Inspired	from:	h'p://grimbeorn.blogspot.ca/2012_04_08_archive.html	

JOIN THE EMPIRE  56	



BACKUP	SLIDES	
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Laserball:	only	calibra\on	light	source	
inserted	in	the	AV	

•  Fast	laser	(typ.	58ps):	
–  λ:	378	nm,	405	nm	or	444	nm	

•  Before	(444nm)	and	amer	TPB	(378nm)	

•  PMT+LGs	efficiency	measurements	
–  Known	light	emission	map	

•  Channel-to-channel	\ming	correc\on	
–  LB	at	the	center,	fast	laser	driver	=>	sub-ns	precision	
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Light	injec\on	

•  20	light	guides	equipped	with	
op\cal	fibers	
–  Pulses	(laser-LED):	typ.	1ns	
–  λ:	425nm	

•  Single	photon-electron	calibra\on	
•  Amer	pulsing	measurement	

PMT receiving 
the light  

20%	
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New	Experiments	With	Spheres	(Gas)	

•  Spherical	detector	
•  Single	electrode	

Ø Low	threshold		~50	eVee						
independent	on	sphere	radius	

HV	(~2500	V)	

Signal	

r1	

r2	

1
ρ =

1
r1
− 1r2

r1 >> r2 ⇒ ρ ≈ r2

E(r) ≈ V0
r2
× r2

C ≈ 4πεr2 ~ 0.1pF

!
E(r)
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SNOLAB	extension	
Future big double beta  
decay experiment 

Project of core drilling: 
Survey for future extension 

Offices 
Machine shop 
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