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The	CRESST-II	Detector	Module	

16O	40Ca	184W	

CaWO4	Target	Crystal	

•  scinLllaLng	
•  mulL-element	

target	
•  mass:	250	–	350	g	

In-house	producLon	and	processing	
at	our	insLtutes		
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The	CRESST-II	Detector	Module	
Light	Absorber	

for	scinLllaLon-light	detecLon	
	

•  silicon-on-sapphire	disc	
•  	diameter:	40mm	
•  	thickness:	500µm	
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The	CRESST-II	Detector	Module	
TransiLon-Edge-Sensors	
à	2	independent	calorimeters	

	

•  mK	temperatures	
•  calorimetric	/	bolometric	

operaLon	
•  read-out	with	SQUIDs	
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The	CRESST-II	Detector	Module	
TransiLon-Edge-Sensors	
à	2	independent	calorimeters	

	

CRESST	is	leading		the	field	of	low-
mass	Dark	MaCer	search!	
World-best	thresholds	
•  for	300g	CaWO4:	Eth	=	307	eV	

		

	
phonon	
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Phonon-Light	Technique	

Reduced	light	output	for	highly-ionizing	parLcles																	Quenching 	
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Outline	
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Background	sources	
	

1.  External	radiaLon	

2.  Surface	backgrounds	

3.  Thermal	stress/artefacts??	

4.  Intrinsic	contaminaLon	

Physics	case		



Outline	
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Background	sources	
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2.  Surface	backgrounds	
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The	CRESST	Experiment	
Cryogenic	Rare	Event	Search	with	SuperconducLng	Thermometers	

LNGS	

CRESST	
sala	A	

CRESST-Testcryostat	
truck	tunnel	
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The	CRESST	Experiment	
Cryogenic	Rare	Event	Search	with	SuperconducLng	Thermometers	
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The	CRESST	Experiment	
Cryogenic	Rare	Event	Search	with	SuperconducLng	Thermometers	

LNGS	

CRESST	
sala	A	

CRESST-Testcryostat	
truck	tunnel	

Detector	
“Carousel”	
	
Currently	36	
SQUID	readout	
channels	
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Outline	
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Background	sources	
	

1.  External	radiaLon	

2.  Surface	backgrounds	

3.  Thermal	stress/artefacts??	

4.  Intrinsic	contaminaLon	

Physics	case		
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The	CRESST-II	Detector	Module	
Polymeric	Foil	

	
①  Highly	reflecLve	

Ø  light	collecLon	

②  ScinLllaLng	

Ø  rejecLon	of	surface	events			
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The	CRESST-II	Detector	Module	
Polymeric	Foil	

	
①  Highly	reflecLve	

Ø  light	collecLon	

②  ScinLllaLng	

Ø  rejecLon	of	surface	events			

fo
il	

addiLonal	
light	
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The	CRESST-II	Detector	Module	

	

CaWO4	
	

Edep	≤	103keV	

210Po		→		206Pb	(103keV)	+	α	(5.3MeV)	

α	
Edep	=	0–5.3MeV	

Dangerous	Surface	Backgrounds	
	

clamp	

à  Lead/alpha	recoils	can	mimic	WIMPs	

à Avoid	non-scinLllaLng	materials!		
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Efficient	Veto	of	Surface-Alpha		Backgrounds	



Fully-ScinLllaLng	Design	

light detector (with TES)

block-shaped target crystal 

reflective and 
scintillating housing

CaWO4  sticks 
(with holding clamps) 
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Efficient	Veto	of	Surface-Alpha		Backgrounds	
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TUM-40:	Surface-Alpha	Backgrounds	
exposure:	29	kg-days	

nuclear	recoils	

206Pb	recoils:	
Run32:	8.1	events	 	 	Run33:	0	events	
Degraded	alphas:	
Run32:	6.9	events	 	 	Run33:	0	events	

ROI	
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RS et al., EPJ C75 (2015) no.8, 352 



Outline	
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Background	sources	
	

1.  External	radiaLon	

2.  Surface	backgrounds	

3.  Thermal	stress/artefacts??	

4.  Intrinsic	contaminaLon	

Physics	case		

1	

2	

3	



Instrumented	Holder	-	iSLcks	
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TES	

•  ParLcle	events	in	sLcks	
•  Surface	backgrounds	
•  Stress	relaxaLons	
•  …	



Instrumented	Holder	-	iSLcks	
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TES	

•  ParLcle	events	in	sLcks	
•  Surface	backgrounds	
•  Stress	relaxaLons	
•  …	

TES	

raLo	
	

powerful	tool	to	
reject	all	kind	of	
backgrounds	
related	to	holder!	

sMck	
absorber	

full	
signal	



Instrumented	Holder	-	iSLcks	
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•  Surface	backgrounds	
•  Stress	relaxaLons	
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Instrumented	Holder	-	iSLcks	
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TES	

•  ParLcle	events	in	sLcks	
•  Surface	backgrounds	
•  Stress	relaxaLons	
•  …	

TES	

sMck	
absorber	

SLck	signal	

Absor
ber	si

gnal	

Gamma	event	of	≈40keV	in	sLck	

(light	signal)	

Preliminary	

ImplementaLon	for	CRESST-III		
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Background	sources	
	

1.  External	radiaLon	

2.  Surface	backgrounds	

3.  Thermal	stress/artefacts??	

4.  Intrinsic	contaminaLon	

Physics	case		
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CaWO4	Crystal	ProducLon	at	TU	Munich	
	Furnace	for	Czochralski	process	 Dedicated	machine	for	CRESST:	

•  All	producLon	steps	under	control	
•  Machining	of	crystals	in-house	

Goals	:	
•  Increase	radiopurity	
•  Increase	light	output	
•  Ensure	supply	

Major	achievements:	
•  Reproducible	growth	process	
•  Crystals	of	CRESST	size	
•  Unprecedented	intrinsic	radiopurity	

A.	Erb,	TU	Munich	
raw	ingot	of	m≈1kg	A.	Erb	et	al.,	CrystEngComm,	2013,15,	2301-2304	

M.	von	Sivers	et	al.,	Opt.	Mat.	34,	11	(2012)	1843-1848	
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TUM-40:	Radiopurity	
Average	rate:	
~3.5	counts	/				
[kg	keV	day]	
	
Gamma-lines	
from	cosmogenic	
acMvaMon	
	
Excellent	
resoluLon:	
𝜎	≈	100eV	

commercial	crystal	

TUM-40	

179Ta	L1(EC)	

227Ac	 210Pb	

Raimund	Strauss,	MPI	Munich	 30	

All	gamma	lines	agree	within	<	5eV	with	tabulated	values	!!	
	



Alpha	analysis	to	understand	low-
energy	backgrounds	

High	dynamic	range	of	CRESST	detectors	(300eV	–	20	MeV)!	

RS, et al. JCAP 1506 (2015) no.06, 030    



Derive	individual	
alpha	acLviLes		

(a)=in	equilibrium	

Full	understanding	of	natural	
decay	chains	by	detailed	in-situ	
alpha	measurement!	
	
	
	



Derive	individual	
alpha	acLviLes		

(a)=in	equilibrium	

Full	understanding	of	natural	
decay	chains	by	detailed	in-situ	
alpha	measurement!	
	
	
	

	
	
	

Impact	on	low	energies?	
•  CalculaLon	of	beta/gamma	

spectra		
•  Dedicated	MC	simulaLon!	



Low-energy	backgrounds	

Data	
	
Model	(total)	
Beta/gamma	
External	beta	
External	gamma	

Beta/gammas	from	nat.	decay	chains	dominate	low-energy	backgrounds!	

RS, et al. JCAP 1506 (2015) no.06, 030    



Next	Steps	

Reduce	intrinsic	background	level	of	
crystals!	
	
•  Improvement	by	factor	10	already	achieved	
•  PurificaLon	by	crystal	growth,	e.g.	mulLple-

crystalizaLon	
•  PurificaLon	of	raw	materials,	e.g.	during	

producLon	via	precipitaLon	

OUR	GOAL	FOR	CRESST	(within	2	years):		
	 	ReducLon	of	background	level	to		10-2	counts	/[kg	keV	day]	
	 	(2	orders	of	magnitude	compared	to	present	CaWO4	crystals)	

Raimund	Strauss,	MPI	Munich	 35	



Raw	Material	PreparaLon	
State-of-the-art:		
	
Solid	state	reacLon:					CaCO3	+	WO3			à			CaWO4	+	CO2				
	
Problems:		
	
•  Grinding	of	powders		
•  HeaLng	of	materials	to	1200°C	

à  Involved	materials	and	machinery	have	to	be	extremly	radiopure!	

à No	possibility	for	purificaLon	

	
	
	



PrecipitaLon	Method	
Raw	materials	from	commercial	suppliers:	WO3		and		CaCO3		(powders)	

Dissolve	powders	à	aqueous	soluLons	
	
CaCO3	+	2	HNO3			à	Ca(NO3)2	+	H2O	+	CO2	
	
	
WO3	+	2NH3	+	H2O		à	(NH4)2WO4			 		

Courtesy	of		
A.	Münter	
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PrecipitaLon	Method	
Raw	materials	from	commercial	suppliers:	WO3		and		CaCO3		(powders)	

Dissolve	powders	à	aqueous	soluLons	
	
CaCO3	+	2	HNO3			à	Ca(NO3)2	+	H2O	+	CO2	
	
	
WO3	+	2NH3	+	H2O		à	(NH4)2WO4			 		

Mix	soluLons	
	
Ca(NO3)2	+	(NH4)2WO4		à	CaWO4				+	2	NH4NO3	
	
	
	 		

PrecipiLon	
Courtesy	of		
A.	Münter	

AddiMonal	
purificaMon	
methods	for	
aqueous	
soluLons	

Very	clean	
method	
compared	to	
solid-state	
reacLon	



Method	1:	Liquid-liquid	extracLon	

ExtracLon	of	U	and	Th	by	organic	trioctylphosphineoxide	(TOPO)	from	aqueous	
soluLon	
	
		

Courtesy	of		A.	Münter	

Ca(NO3)2	
(aqueous)	

TOPO	(organic)	



Method	2:	Co-PrecipitaLon	

„Co-precipitaMon“	
with	small	amounts	of	
CaWO4!	

Courtesy	of		A.	Münter	

Ca(NO3)2	+	2%	of	(NH4)2WO4		

CaWO4	



PrecipitaLon	Method	

Ager	precipitaMon	reacMon:		
several	cleaning	steps	(rinsing	with	water,	
decantanLon,	filtraLon,	calcinaLon)		
	
à Major	effort	for	purifacLon	of	raw	

materials	

à 1.5	kg	CaWO4	powder	ready	for	crystal	
growth	

Courtesy	of		A.	Münter	

Ca(NO3)2	+	(NH4)2WO4		à	CaWO4				+	2	NH4NO3	
		



First	Promising	Results	(HPGe	@LSC)	

from	A.	Münter,	H.	Trinh	Thi,	et	al.	
(to	be	published)	



CRESST-III		
atom	

Dark	MaKer	
ParLcle	

CRESST-III	Detector	(24g	CaWO4)	

CRESST-II																	
(2015)	

	

CRESST-III	projecMons	

	

Phase	1:	Currently	taking	data	at	Gran	Sasso	à	First	data	at	LTD												
									and	TAUP	2017	

Phase	2:	Upgrade	to	300	channels	+	crystals	of	improved	quality	

phase	1	
	
phase	2	

RS et al., NIM A845 (2017) 414-417 
G. Angloher et al. , arXiv:1503.08065



Coherent	neutrino-nucleus	scaKering	
(CNNS)	with	CaWO4	detectors	

IniLal	funding	

(5mm)3	detector	prototype	

Gram-scale	cryogenic	calorimeters	

RS,	J.	Rothe	et	al.	arXiv:	1704.04317	

Best	treshold	for	
macroscopic	devices:	
	
Eth	=	(19.7±0.1)	eV	

RS,	J.	Rothe	et	al.	arXiv:	1704.04320	

ER	

R&D	for	an	experiment	
based	on	gram-scale	
CaWO4	calorimeters		

15-100m	from	a	
nuclear	power	plant	

Ø  10g	detector	sufficient	
Ø  5-sigma	discovery	

within	2	weeks	
Ø  Future:	exciLng	BSM	

physics	



Conclusion	
•  CRESST	experiment	achieves	lowest	thresholds	in	the	field	

and	leads	low-mass	DM	search	

•  Detailed	in-situ	alpha	screening	
•  ImplementaLon	of	passive	and	acLve	systems	for	

background	reducLon	

•  CaWO4	crystal	growth	at	our	insLtutes	
•  Chemical	purificaLon	of	raw	materials	established	

•  CaWO4	is	a	promising	target	for	future	searches	for	DM	
and	coherent	neutrino	scaKering	

	

light detector (with TES)

block-shaped target crystal 

reflective and 
scintillating housing

CaWO4  sticks 
(with holding clamps) 



BACKUP	



TUM-40	
Self-grown	crystal	WILHELM	I	(TUM-40)	 •  equipped	with	a	W	TES	

•  roughened	at	5	surfaces	
		maximum	light	output	

	
•  polished	at	areas	where	the	sLcks	

touch		

48	Raimund	Strauss,	MPI	Munich	



“Lise”:	Trigger	Threshold	
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threshold	measured	
with	injected	heater	
pulses	in	TES	

Direct	measurement	of	nuclear-recoil	energy	with	calorimetric	detector!	

Lowest	trigger	threshold	for	nuclear	recoils	among	all	Dark	MaCer	searches!	

See:	CRESST	collab.	G.	Angloher	et	al.	
arXiv1509.01515	



CRESST-III	Detector	Prototype	
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block-shaped target crystal
(with TES) 

reflective and 
scintillating housing

CaWO4 sticks
(with holding clamps)

light detector (with TES)



First	Results	of	CRESST-III	Detector		
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Preliminary	
CRESST-III	prototype	
E=5.9keV	
Cryostat	1	Munich	

CRESST-II	“Lise”	
E=5.9keV	
Cryostat	Gran	Sasso	

Promising	results:	
	
Improvement	by	factor	
6.2	(S/N)	compared	to	
best	CRESST-II	detector								
(Eth	=	307eV)		
	
à Baseline	noise	@GS	

1.8-3.0mV	RMS	
à Threshold:																

Eth=	45-60eV			

Design	goal	(Eth=100eV)	for	CRESST-III	Phase	1	probably	exceeded!		



First	Results	of	CRESST-III	Phase	1	
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Design	goal	(Eth=100eV)	for	CRESST-III	Phase	1	probably	exceeded!		

First	preliminary	data	from	CRESST-III	@Gran	Sasso	

500eV	pulse	



New	approaches	in	rare-event	search	

40m	to	4GW	reactor	

CaWO4	

Measured	
background	levels	
above	ground	

CaWO4	intrinsic	

R.	Strauss,	L.	Oberauer,	S.	Schönert	et	al.			 53	



0.5g	Sapphire	Prototype	
TransiLon-edge-sensor	

Sapphire	crystal	0.5g	

5mm	

Picture:	M.	Mancuso	



Result	on	Threshold	

Energy	threshold:	Eth	=	(19.7	+-	0.1)	eV	
	

„First	try“	


