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We are in the dark … 

From:	http://news.fnal.gov/2017/08/dark-energy-survey-reveals-accurate-measurement-dark-matter-structure-universe/	

We	know	it	exists:	
	
1.  CMB		

2.  Galactic	rotation	curves	

3.  Clusters	of	galaxies	

4.  Bullet	cluster	
	
	

BUT	yet	we	do	not	know	what	it	is.		



Direct detection of WIMPs 
 
Looking for collision of dark matter particle with atomic nuclei 

Rates	for	10	and	1	GeV	Wimp	for	different	targets	





Direct detection of WIMPs 

EXPOSURE	

THRESHOLD	

Towards	low	mass	dark	matter	
(low	A	targets:	Si	,	Ge,	Ne,	He,	H)		
Solid,	gaseous,	liquid	detectors	

Towards	high	sensitivity,	large	liquid	detectors	

Great	progress	towards	high	sensitivity	
DM	detectors	with	background	free	
large	mass	noble	liquids	



Review of the current DM experiments 

•  6th	Symposium	on	Neutrinos	and	Dark	Matter	,	NDM	2018	
(Daejoen,	June/July	2018)		
https://indico.ibs.re.kr/event/212/timetable/?ttLyt=room#20180630.detailed	
	
•  ICHEP	2018		
(Seoul,	4-11	July	2018)	
https://indico.cern.ch/event/686555/sessions/276020/#20180707	
	
	
	
	
Two	next	talks	are	on	LUX-ZEPLIN	and	SYGNUS	



XENON1T and XENONnT 

165	scientists	
27	Institutions	
11	Countries	

S1	-	Light	signal:	
Prompt	scintillation	photons	
	
S2	-	Charge	signal:		
Secondary	scintillation	photons	from	GXe	due	to		
drifted	ionization	charge	
	
3D	position	reconstruction:	
XY	from	S2	hit	pattern	
Z:	drift	time	TS2-TS1	



XENON1T and XENONnT 



XENON1T and XENONnT 



XENON1T and XENONnT   (backgrounds) 

Cryogenic	
distillation	

Surface	events		
+	
Fake	interactions	
(Single	S1	+	single	S2)	



XENON1T and XENONnT  



DEAP-3600  
Single phase LAr experiment at SNOLAB  

1.  Located	at	SNOLAB	
						Cube	Hall	2000	m	UG	

2.  Filled	with	3300	kgs	LAr	in	acrylic	
vessel	

3.  Single	phase	:	detects	scintillation	
light	

4.  Target	background	1<evenet	in				
3	tonnes	x	years	

5.  Uses	255	low	radioactivity	PMTs	
from	Hamamatsu	

6.  3	µm	TPB	is	used	for	converting	
UV	from	LAr	to	visible	spectrum	

7.  Water	Cherenkov	muon	veto	
with	48	PMTs		



DEAP-3600 (excellent pulse shape discrimination) 

Energy	response	to	LAr	intrinsic	background	
	~	1	Bq/kg	of	39Ar	

Leakage	probability		10-8	with	90%	NR	acceptance	
																				10-10	with	50%	NR	acceptance		

Singlet	:	6	ns		Triplet:	1.3	µs;		Fprompt=	Prompt[1,150]	ns/	Total	[0,10]	µs		



DEAP-3600 
Timeline and 
latest results 
 



DARK-SIDE 50kg and future prospects 
Double phase LAr experiment at Gran Sasso  

•  LAr	TPC	
•  30	T	liquid		
							scintillator	veto	
•  1000	T	of	water	

Cerenkov	veto	
•  PSD	based	in	f90:			

•  150	kg	LAr:	total	mass		
•  49	kg	LAr:	inner	volume	
•  19	+19	Hamamatsu	PMTs	

Leading	to	rejection	power	better	107	



DARK-SIDE (50kg) results  

With	S2	signal	only,	exclusion	limit	from	1.8	GeV/c2	

From	blind	analysis	:	no	events	found	in	the	RoR	



DARK-SIDE 20k 

Global		
Argon	
Dark	
Matter		
Collaboration	
	



XMASS  
Single phase LXe experiment in Kamioka mine   

•  1000	m	underground	

•  Collaboration	:	40	physicists	,		
•  11	institutes	

•  Large	mass	:	823	kg,	642	hexagonal	
PMTs,	photocathode	coverage	62	%	

•  High	LY	,	low	threshold	0.5	keVee	

•  Water	Cherenkov	veto	with	72	PMTs	

Traces	of	gammas	from	PMTs	
R<20	cm	fiducial	volume		



XMASS 



XMASS (calibration, vertex reconstruction) 
Data																													MC	

Source	rod	with	Co57	at	the	tip	of	the	needle		

Calibration	
Mechanism		



XMASS (annual modulation searches) 

Event	rate	as	a	function	of	time	for	two	years	
Dama/Libra	allowed	region	has	been	excluded	by	
annual	modulation		search	to	the	level	of		
1.9	x	1041		cm2	for	8	GeV/c2	



PANDAX (Chinese  LXe DM programme) 

Deepest	laboratory	in	the	world	
Horizontal	access	

PandaX-I	120	kg	 PandaX-I	580	kg	

Near	future:	
	
Panda-XT	
	
4	tonnes	
	
Commissioning	
	
2019-2020			



CRESST-III 
Cryogenic Rare Event Search with Superconducting Thermometers 

6	Institutions	
46	Members	
Location	:	Gran	Sasso	
Target:	CaWO4	
Readout	channels:	phonons	and	
scintillation	light	
	
CRESST-III	phase	1	-	10	modules	

CRESST-III	detector	

Target	mass	:	25	g	
Temp.	readout:	Tungsten	transition	edge	sensor	
Phonon	threshold	:	Eth<	100	eV	
Light	detector	resolution:	~		5	eV	

Parameter	space	explored	down	to	0.5	Gev/c2	



CRESST-III 

February	2018	-	end	of	run	
Total	exposure	30	kg	*	day	
Unblinded	1	module	above	100	eV:	2.39	kg	*	day	
New	data	release	and	results	will	come	soon	

Oxygen	nuclear	recoils	

Tungsten	nuclear	recoils	

γ/β	events
Neutron	Calibrations	



Summary 

• Major	large	LXE	projects	constructions	or	upgrades	very	advanced.	 		

•  2019-2020	:	LZ,	XENONnT,	PANDA-XT	

• Constant	progress	in	low	mass	WIMPs	searches	by	cryogenic	detectors	

•  Future:	few	large	experiments	BUT	even	small	step	takes	very	long	time			


