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LNGS	

3	

•  ~3600 m.w.e. deep
•  μs: ~3x10-8/(s cm2)
•  γs: ~0.73/(s cm2)
•  neutrons: 4x10-6 n/(s cm2) ©A.	Eckert/MPP	
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CRESST	detectors	
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Scin9lla9ng	CaWO4	crystals	as	target	
	
Target	crystals	operated	as		
cryogenic	calorimeters	(~15mK)	
	
Separate	cryogenic	light	detector	to	detect	the	
scin5lla5on	light	signal	 ©R.	Lang/MPP	
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CRESST	detectors	
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Scin9lla9ng	CaWO4	crystals	as	target	
	
Target	crystals	operated	as		
cryogenic	calorimeters	(~15mK)	
	
Separate	cryogenic	light	detector	to	detect	the	
scin5lla5on	light	signal	

Light	Yield	=	Light	signal/Phonon	signal	
	
Characteris5c	of	the	event	type	

Discrimina9on	between	poten5al	signal	
events	(nuclear	recoils)		
and	dominant	radioac5ve	background	
(electron	recoils)	

©R.	Lang/MPP	
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CRESST-II	results	(TAUP	2015)	
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Crystal:	Lise	-	background	level	≈8.5	counts/(keV	kg	day)	
Threshold:	307eV	
Resolu5on:	62eV	at	zero	energy	

Un5l	today	world-leading	below	
1.7GeV/c2	
Exploring	new	parameter	space	
down	to	0.5GeV/c2	
	
	

©CRESST/MPP	

Hun9ng	light	dark	maGer	
requires	a	low	threshold!	

June	15th		
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CRESST-III	low	threshold	detectors	
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Detector	layout	op9mized	for	low	mass	dark	maGer	
Radical	reduc5on	of	dimension	

•  Cuboid	crystals	of	(20⨯20⨯10)mm3	(≈24g)	
•  Self	grown	crystals	≈3	counts/(keV	kg	day)	
•  100	eV	threshold		
•  Fully	scin5lla5ng	housing	
•  Instrumented	s5cks	

Veto	surface	
related	background	

©T.	De;laff/MPP	 ©A.	Eckert/MPP	©A.	Eckert/MPP	
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CRESST-III		Phase	1	
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©R.	Strauss/MPP	

©R.	Strauss/MPP	

Data	taking	started	July	2016	
	
•  High	sta5s5cs	gamma	calibra5on	
•  High	sta5s5cs	neutron	calibra5on	
•  20%	of	DM	data	as	training	set	

©A.	Eckert/MPP	
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Op5mum	filter	
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The	GaV-Manfredi	filter	is	an	
op5mum	filter	which	maximize	
the	ra5o	between	the	
amplitude	of	the	treated	pulse	
and	the	noise	RMS	

Template	pulse	

Baselines	

Pulse-height	evalua9on	with	op9mum	filter	

	Typical	improvement	in	resolu5on	by	using	the	op5mum	filter:	factor	2-3	
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Op5mum	trigger	–	Detector	A	
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Op5mum	filter	for	threshold	analysis	
	

•  Con5nuous	sampling	of	raw	
data	(new	DAQ	for	CRESST-III)		

•  Study	the	noise	distribu5on	
ajer	op5mum	filter	in	order	to	
set	the	threshold	

Analy9cal	descrip9on	of	amplitude	
distribu9on	in	empty	baselines	

26.1eV	
22.6eV	

Typical	base	line	trace	 Histogram
	of	a	typical	

baseline	trace	
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New	fron5er	in	direct	dark	ma;er	detec5on	
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Op5mum	thresholds	
	

5	detectors	reach/exceed	CRESST-III	design	goal		
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Detector	A	
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Analysis	started	(of	course)	from	detector	A	

Data	taking	period:	 	 	 	 	31.10.16	-	05.07.17	
Non	blind	data	(dynamically	growing): 	 	 	20%	randomly	selected	
Detector	mass:	 	 	 	 	 	24g	
Total	exposure: 	 	 	 	 	2.39	kg	days	
Net	exposureajer	rate/stability	cut		
(control	of	opera5ng	point		and	noise	condi5ons): 	2.21	kg	days	
Analysis	threshold: 	 	 	 	 	100	eV	

©A.	Eckert/MPP	
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Detector	A	–	100eV	threshold	analysis	
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Selec5on	criteria	and	efficiencies	

Selec9on	criteria	to	remove	pulses	
where	a	correct	determina5on	of	the	
amplitude	is	not	guaranteed	
Designed	on	non	blind	data	(20%	of	
dark	ma;er	randomly	selected)	not	
included	in	the	final	exposure	
	

79.5%	at	threshold	

Direct	dark	ma;er	search	with	the	CRESST-III	experiment		

•		Data	quality	
events	which	cannot	properly	be	analyzed	

•		Pulse	shape		
e.g	events	in	iS5cks,	pileup	

•		Coincidences	
for	the	5me	being	only	with	muon	veto	and	
iS5cks	

24	July	2017	
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Detector	A	–	neutron	calibra5on	
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Detector	A	–	100eV	threshold	analysis	
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The	blind	data	-	LY	vs.	Energy	

Unblinding	for	energies	>100eV	on	July	10th		

e/γ

O
W	
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Detector	A	–	100eV	threshold	analysis	
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The	blind	data	–	Energy	spectrum	

Background	in	energy	range	1-40keV	≈3.5	counts	per	(kg	keV	day)		
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Detector	A	–	100eV	threshold	analysis	
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The	blind	data	–	Energy	spectrum	zoom	

179Ta	+	e-→179Hf	+	νe		(1.8y)	

M-shell	
2.6	keV	

L-shell	
11.3	keV	
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Detector	A	–	100eV	threshold	analysis	
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The	blind	data	–	Acceptance	region	

99.5	%	W	recoils	above	

50	%	O	recoils	below	

Acceptance	region	chosen	before	unblinding	
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Detector	A	–	100eV	threshold	analysis	
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The	blind	data	–	Energy	spectrum	accepted	events	
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Detector	A	–	100eV	threshold	analysis	
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The	blind	data	–	Energy	spectrum	accepted	events	
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Detector	A	–	100eV	threshold	analysis	
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The	exclusion	limit	
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Detector	A	–	100eV	threshold	analysis	
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The	exclusion	limit	-	improvements	

Direct	dark	ma;er	search	with	the	CRESST-III	experiment		

One	order	of	magnitude	
improvement	at	0.5	GeV/c2	

24	July	2017	
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Detector	A	–	100eV	threshold	analysis	
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The	exclusion	limit	-	improvements	

Direct	dark	ma;er	search	with	the	CRESST-III	experiment		

Reach	of	direct	dark	ma;er	
experiments	extended	to	0.35	GeV/c2		
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Detector	A	–	100eV	threshold	analysis	
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The	exclusion	limit	-	limita5ons	

Direct	dark	ma;er	search	with	the	CRESST-III	experiment		

2.21	kg	days	

50	kg	days	
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Detector	A	–	100eV	threshold	analysis	
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The	exclusion	limit	-	limita5ons	

Direct	dark	ma;er	search	with	the	CRESST-III	experiment		

Non	flat	background	
at	threshold	
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Detector	A	–	100eV	threshold	analysis	
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The	exclusion	limit	-	limita5ons	
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This	is	just	the	beginning	

3		5mes	lower	op5mum	threshold	(than	100eV	analysis	threshold)	
for	detector	A	

3		other	detectors	with	thresholds	<<	100eV	

3		5mes	more	sta5s5cs	à	deeper	understanding	of	backgrounds	

	

In	the	meanwhile	we	con5nue	to	take	data	
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New	fron5ers…	
...	new	poten5als...	
...	new	challenges!	
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