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The	
  CRESST	
  Experiment	
  
Cryogenic	
  Rare	
  Event	
  Search	
  with	
  SuperconducMng	
  Thermometers	
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•  Underground	
  installaMon	
  

•  Ultra-­‐low	
  background	
  environment	
  

•  Cryogenic	
  detectors	
  

LNGS,	
  Italy,	
  shielding:	
  3500	
  m.w.e.	
  
	
  



The	
  CRESST	
  Detector	
  Module	
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The	
  CRESST	
  Detector	
  Module	
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16O	
  40Ca	
  184W	
  

CaWO4	
  Target	
  Crystal	
  

•  scinMllaMng	
  
•  mulM-­‐element	
  

target	
  
•  mass:	
  200	
  –	
  300	
  g	
  

In-­‐house	
  producMon	
  and	
  processing	
  
at	
  our	
  insMtutes	
  	
  

40mm	
  



The	
  CRESST	
  Detector	
  Module	
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Light	
  Absorber	
  
for	
  scinMllaMon-­‐light	
  detecMon	
  

	
  

•  silicon-­‐on-­‐sapphire	
  disc	
  
•  	
  diameter:	
  40mm	
  
•  	
  thickness:	
  500µm	
  



The	
  CRESST	
  Detector	
  Module	
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TransiMon-­‐Edge-­‐Sensors	
  
à	
  2	
  independent	
  calorimeters	
  

	
  

Phonon	
  detector	
  (CaWO4)	
  
•  Threshold:	
  	
  Eth≲	
  1keV	
  
•  ResoluMon:	
  𝜎	
  ≈100-­‐200	
  eV	
  

Light	
  detector	
  (SOS)	
  
•  Threshold	
  Eth	
  ≈	
  5eV	
  

	
  	
  

	
  
phonon	
  
light	
  



The	
  CRESST	
  Detector	
  Module	
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Polymeric	
  Foil	
  
	
  

①  Highly	
  reflecMve	
  

Ø  light	
  collecMon	
  

②  ScinMllaMng	
  

Ø  rejecMon	
  of	
  surface	
  events	
  	
  	
  



The	
  CRESST	
  Detector	
  Module	
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Polymeric	
  Foil	
  
	
  

①  Highly	
  reflecMve	
  

Ø  light	
  collecMon	
  

②  ScinMllaMng	
  

Ø  rejecMon	
  of	
  surface	
  events	
  	
  	
  

fo
il	
  

addiMonal	
  
light	
  



The	
  CRESST	
  Detector	
  Module	
  

9	
  

Support	
  Structure	
  
	
  

	
  
•  radio-­‐pure	
  copper	
  
•  flexible	
  bronze	
  clamps	
  

clamps	
  do	
  not	
  scinMllate	
  	
  



The	
  CRESST	
  Detector	
  Module	
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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-­‐scinMllaMng	
  materials!	
  	
  



Signal	
  and	
  Backgrounds	
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Region-­‐of-­‐interest	
  for	
  Dark	
  Maner	
  Search	
  

	
  	
   light	
  quenching	
  
R.Strauss	
  et	
  al.,	
  
arXiv:1401.3332	
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Last	
  Run	
  of	
  CRESST-­‐II	
  	
  G.	
  Angloher	
  et	
  al.,	
  Eur.	
  Phys.	
  J.	
  C,	
  72,	
  4	
  (2012)	
  
•  Strong	
  surface	
  backgrounds	
  (degraded	
  alphas,	
  206Pb)	
  
•  Observed	
  signal	
  excess	
  (room	
  for	
  WIMP	
  interpretaMon)	
  



New	
  Run	
  –	
  CRESST-­‐II	
  Upgrade	
  

•  Data-­‐taking	
  since	
  July	
  2013	
  
•  18	
  modules	
  mounted	
  (~	
  5kg)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
à	
  17	
  of	
  18	
  are	
  fully	
  operaMonal	
  

	
  
ü  11	
  x	
  convenJonal	
  design	
  (improved)	
  

•  Use	
  of	
  radiopure	
  clamps	
  
•  Radon	
  prevenMon	
  

ü  6	
  x	
  fully-­‐scinJllaJng	
  new	
  designs	
  
	
  
	
  

CaWO4	
  sMcks 	
  	
  	
  	
  	
  	
  beaker 	
  	
   	
  	
  	
  	
  	
  	
  K-­‐14 	
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•  Data-­‐taking	
  since	
  July	
  2013	
  
•  18	
  modules	
  mounted	
  (~	
  5kg)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
à	
  17	
  of	
  18	
  are	
  fully	
  operaMonal	
  

	
  
ü  11	
  x	
  convenJonal	
  design	
  (improved)	
  

•  Use	
  of	
  radiopure	
  clamps	
  
•  Radon	
  prevenMon	
  

ü  6	
  x	
  fully-­‐scinJllaJng	
  new	
  designs	
  
	
  
	
  

CaWO4	
  sMcks 	
  	
  	
  	
  	
  	
   	
   	
   	
  	
  

this	
  talk:	
  	
  
focus	
  on	
  one	
  detector	
  
module	
  (TUM-­‐40)	
  	
  
mass:	
  	
  250g	
  
exposure:	
  29	
  kg-­‐days	
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New	
  Run	
  –	
  CRESST-­‐II	
  Upgrade	
  



Fully-­‐ScinMllaMng	
  Design	
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light detector (with TES)

block-shaped target crystal 

reflective and 
scintillating housing

CaWO4  sticks 
(with holding clamps) 



Efficient	
  Veto	
  of	
  Surface	
  Backgrounds	
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TUM-­‐40:	
  Surface	
  Backgrounds	
  
exposure:	
  29	
  kg-­‐days	
  

17	
  acceptance	
  region	
  

O,	
  Ca,	
  W	
  



TUM-­‐40:	
  Surface	
  Backgrounds	
  

vetoed	
  surface	
  events	
  

exposure:	
  29	
  kg-­‐days	
  

foil	
  events	
  tagged	
  
	
  by	
  pulse	
  shape	
  

18	
  acceptance	
  region	
  

O,	
  Ca,	
  W	
  



TUM-­‐40:	
  Surface	
  Backgrounds	
  
exposure:	
  29	
  kg-­‐days	
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O,	
  Ca,	
  W	
  

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

acceptance	
  region	
  



TUM-­‐40:	
  Radiopurity	
  

Average	
  rate:	
  
~3.5	
  counts	
  /	
  	
  	
  	
  
[kg	
  keV	
  day]	
  
	
  
Gamma-­‐lines	
  
from	
  cosmogenic	
  
acJvaJon	
  
	
  
Excellent	
  
resoluMon:	
  
𝜎	
  ≈	
  100eV	
  

•  CaWO4-­‐crystal	
  producJon	
  at	
  TU	
  Munich	
  
•  Unprecedented	
  radiopurity	
  (by	
  factor	
  2-­‐10)	
  	
  
•  Room	
  for	
  further	
  improvements	
  

raw	
  ingot	
  of	
  m≈1kg	
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commercial	
  crystal	
  

TUM-­‐40	
  

179Ta	
  L1(EC)	
  

227Ac	
   210Pb	
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commercial	
  crystal	
  

TUM-­‐40	
  

179Ta	
  L1(EC)	
  

227Ac	
   210Pb	
  

All	
  gamma	
  lines	
  agree	
  within	
  <	
  5eV	
  
with	
  tabulated	
  values	
  !!	
  
(not	
  calibrated	
  with	
  these	
  lines)	
  	
  



TUM-­‐40:	
  Trigger	
  Threshold	
  

-­‐  Extremely	
  low	
  trigger	
  threshold	
  of	
  Eth	
  ≈	
  603eV	
  	
  
-­‐  ResoluMon	
  of	
  	
  𝜎	
  ≈	
  107eV	
  in	
  agreement	
  with	
  resoluMon	
  of	
  gamma	
  lines	
  

-­‐  Nuclear-­‐recoil	
  energy	
  precisely	
  known!	
  

Measured	
  with	
  
heater	
  pulses	
  

fit	
  



TUM-­‐40:	
  Performance	
  
•  No	
  surface	
  backgrounds	
  

•  Best	
  radiopurity	
  (≈	
  3.5	
  /	
  [kg	
  keV	
  day])	
  	
  

•  Low	
  trigger	
  threshold	
  (≈	
  0.60	
  keV)	
  

•  High	
  resoluJon	
  (𝜎	
  ≈	
  100	
  eV)	
  

	
  
	
  
à Low-­‐threshold	
  Dark	
  Maner	
  analysis	
  possible	
  

à Use	
  non-­‐blinded	
  dataset	
  of	
  29kg-­‐days	
  	
  
23	
  



TUM-­‐40:	
  Acceptance	
  at	
  Lowest	
  Energies	
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cut	
  efficiency	
  (derived	
  from	
  empty-­‐baseline	
  fits)	
  
	
  
total	
  efficiency	
  

trigger	
  efficiency	
  (measured	
  by	
  heater	
  pulses)	
  



WIMP-­‐Acceptance	
  Region	
  

25	
  acceptance	
  region	
  (Er	
  =	
  0.6	
  -­‐	
  40keV)	
  

50%	
  O	
   O	
  
W	
  

surface	
  
events	
  



Events	
  in	
  Acceptance	
  Region	
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all	
  events	
  
accepted	
  events	
  

179Ta	
  M1	
  shell	
  EC	
  

Cu	
  fluorescence	
  

All	
  79	
  events	
  accepted	
  are	
  conservaMvely	
  considered	
  as	
  WIMP	
  scaners!	
  



Present	
  WIMP	
  Landscape	
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CRESST	
  sim.	
  
(2014)	
  

LUX	
  

XENON100	
  

DAMA	
  

SuperCDMS	
  

CDMSlite	
  

EDELWEISS	
  low	
  thr.	
  

CRESST	
  	
  
(2011)	
  

CRESST-­‐comm.	
  (2009)	
  



Results	
  from	
  29kg-­‐days	
  of	
  TUM-­‐40	
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CRESST	
  sim.	
  
(2014)	
  

LUX	
  

XENON100	
  

DAMA	
  

SuperCDMS	
  

CDMSlite	
  

EDELWEISS	
  low	
  thr.	
  

CRESST	
  	
  
(2011)	
  

CRESST-­‐comm.	
  (2009)	
  

CRESST-­‐TUM40	
  
(2014)	
  29kg-­‐days	
  
Yellin,	
  opMmal	
  interval	
  



Data	
  vs.	
  SimulaMon	
  

29	
  

CRESST	
  sim.	
  
(2014)	
  

LUX	
  

XENON100	
  

DAMA	
  

SuperCDMS	
  

CDMSlite	
  

EDELWEISS	
  low	
  thr.	
  

CRESST	
  	
  
(2011)	
  

CRESST-­‐comm.	
  (2009)	
  

CRESST-­‐TUM40	
  
(2014)	
  29kg-­‐days	
  
Yellin,	
  opMmal	
  interval	
  
+	
  SimulaJon:	
  1-­‐sigma	
  (e-­‐/ɣ	
  
leakage	
  only)	
  
	
  



Data	
  vs.	
  SimulaMon	
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CRESST	
  sim.	
  
(2014)	
  

LUX	
  

XENON100	
  

DAMA	
  

SuperCDMS	
  

CDMSlite	
  

EDELWEISS	
  low	
  thr.	
  

CRESST	
  	
  
(2011)	
  

CRESST-­‐comm.	
  (2009)	
  

CRESST-­‐TUM40	
  
(2014)	
  29kg-­‐days	
  
Yellin,	
  opMmal	
  interval	
  
+	
  SimulaJon:	
  1-­‐sigma	
  (e-­‐/ɣ	
  
leakage	
  only)	
  
	
  

Events	
  in	
  acceptance	
  region	
  can	
  be	
  
explained	
  with	
  e-­‐/ɣ	
  	
  background	
  
only.	
  No	
  indicaMons	
  for	
  addiMonal	
  
background	
  contribuMons!	
  



Present	
  Run	
  -­‐	
  Analysis	
  Strategy 	
  	
  

31	
  

Non-­‐blinded	
  data	
  set	
  (115	
  live	
  days)	
  defines:	
  
	
  
•  all	
  data	
  quality	
  cuts	
  
•  trigger	
  efficiencies	
  
•  selecMon	
  of	
  detectors	
  
	
  
Since	
  Jan	
  2014	
  –	
  blinded	
  data	
  
	
  

	
  



ProjecMon	
  for	
  Current	
  Run	
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LUX	
  

XENON100	
  

DAMA	
  

CRESST	
  	
  
(2011)	
  

SuperCDMS	
  

CDMSlite	
  

EDELWEISS	
  low	
  thr.	
  

CRESST-­‐29kgd	
  
SimulaMon	
  1-­‐sigma	
  	
  
	
  
	
  
	
  
CRESST	
  500kgd	
  (end	
  2014)	
  

32	
  

CRESST-­‐comm.	
  (2009)	
  



Summary	
  

33	
  

•  Significant	
  improvement	
  in	
  radiopurity	
  of	
  
CaWO4	
  crystals	
  	
  (3.5	
  counts/[keV	
  kg	
  day])	
  

•  Efficient	
  rejecMon	
  of	
  surface	
  backgrounds	
  
with	
  fully-­‐scinMllaMng	
  detector	
  design	
  

•  CRESST	
  low-­‐mass	
  WIMP	
  soluMon	
  (M2)	
  
completely	
  ruled	
  out	
  	
  

•  New	
  WIMP	
  parameter	
  space	
  explored	
  
(<3GeV/c2)	
  with	
  one	
  single	
  CaWO4	
  detector	
  

CRESST	
  (2011)	
  



Summary	
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•  Significant	
  improvement	
  in	
  radiopurity	
  of	
  
CaWO4	
  crystals	
  	
  (3.5	
  counts/[keV	
  kg	
  day])	
  

•  Efficient	
  rejecMon	
  of	
  surface	
  backgrounds	
  
with	
  fully-­‐scinMllaMng	
  detector	
  design	
  

•  CRESST	
  low-­‐mass	
  WIMP	
  soluMon	
  (M2)	
  
completely	
  ruled	
  out	
  	
  

•  New	
  WIMP	
  parameter	
  space	
  explored	
  
(<3GeV/c2)	
  with	
  one	
  single	
  CaWO4	
  detector	
  

CRESST	
  (2011)	
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CaWO4	
  
detectors	
  

low	
  thresholds	
  
phonon:	
  O(500eV)	
  
light:	
  O(5eV)	
  	
  	
  	
  

Outlook:	
  Future	
  PotenMal	
  

mulJ-­‐element	
  target	
  (O,	
  Ca,	
  W)	
  
mulJ-­‐target	
  feasible	
  	
  
(different	
  crystals)	
  	
  
	
  

rejecJon	
  of	
  surface	
  
events	
  

high	
  resoluJon	
  O(100eV)	
  

in-­‐house	
  crystal	
  growth	
  
•  producMon	
  steps	
  under	
  control	
  
•  high	
  potenMal	
  for	
  improvements	
  

	
  	
  	
  	
  

high	
  intrinsic	
  radiopurity	
  	
  	
  	
  

nuclear-­‐recoil	
  energy	
  
precisely	
  known	
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CaWO4	
  
detectors	
  

low	
  thresholds	
  
phonon:	
  O(500eV)	
  
light:	
  O(5eV)	
  	
  	
  	
  

Outlook:	
  Future	
  PotenMal	
  

mulJ-­‐element	
  target	
  (O,	
  Ca,	
  W)	
  
mulJ-­‐target	
  feasible	
  	
  
(different	
  crystals)	
  	
  
	
  

rejecJon	
  of	
  surface	
  
events	
  

high	
  resoluJon	
  O(100eV)	
  

in-­‐house	
  crystal	
  growth	
  
•  producMon	
  steps	
  under	
  control	
  
•  high	
  potenMal	
  for	
  improvements	
  

	
  	
  	
  	
  

high	
  intrinsic	
  radiopurity	
  	
  	
  	
  

nuclear-­‐recoil	
  energy	
  
precisely	
  known	
  

High	
  sensiJvity,	
  in	
  parJcular,	
  for	
  low-­‐mass	
  WIMPs	
  



Future	
  PotenMal	
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CaWO4	
  projected	
  
improved	
  performance	
  
(50	
  kg-­‐years)	
  

CRESST	
  TUM40	
  	
  
(2014)	
  29kg-­‐days	
  

LUX	
  

XENON100	
  

DAMA	
  

CRESST	
  	
  
(2011)	
  

Ge	
  experiments	
  

CRESST-­‐comm.	
  (2009)	
  



Future	
  PotenMal	
  	
  

38	
  

CaWO4	
  projected	
  
improved	
  performance	
  
(50	
  kg-­‐years)	
  

CRESST	
  TUM40	
  	
  
(2014)	
  29kg-­‐days	
  

LUX	
  

XENON100	
  

DAMA	
  

CRESST	
  	
  
(2011)	
  

Ge	
  experiments	
  

CRESST-­‐comm.	
  (2009)	
  

à	
  Outstanding	
  potenJal	
  for	
  
low-­‐mass	
  WIMP	
  detecJon!	
  



Future	
  PotenMal	
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CaWO4	
  projected	
  
improved	
  performance	
  
(50	
  kg-­‐years)	
  

CRESST	
  TUM40	
  	
  
(2014)	
  29kg-­‐days	
  

LUX	
  

XENON100	
  

DAMA	
  

CRESST	
  	
  
(2011)	
  

Ge	
  experiments	
  

CRESST-­‐comm.	
  (2009)	
  

Beyond	
  that:	
  
•  Neutrino	
  detec,on	
  feasible	
  with	
  

exposures	
  >300kg-­‐years	
  	
  
•  Probe	
  higher	
  WIMP	
  masses	
  

(>10GeV/c2)	
  -­‐	
  e.g.	
  in	
  case	
  of	
  a	
  
posiMve	
  detecMon	
  by	
  other	
  
experiments	
  -­‐	
  with	
  a	
  mul,-­‐element	
  
target.	
  



BACKUP	
  SLIDES	
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MulM-­‐Element	
  Target	
  

41	
  

Kink	
  in	
  limit	
  at	
  5	
  GeV/c2:	
  
	
  

•  Below:	
  O	
  dominates	
  
•  Above:	
  W	
  dominates	
  

Expected	
  fracJon	
  of	
  WIMP	
  scaiers	
  
on	
  O,	
  Ca	
  and	
  W	
  for	
  TUM-­‐40:	
  



Results	
  of	
  the	
  Last	
  Run	
  of	
  CRESST-­‐II	
  

degraded	
  alphas	
  

Pb	
  recoils	
  

ROI	
  10-­‐40keV	
  
42	
  

G.	
  Angloher	
  et	
  al.,	
  Eur.	
  Phys.	
  J.	
  C,	
  72,	
  4	
  (2012)	
  	
  	
  



Exclusion	
  of	
  CRESST	
  (M2)	
  SoluMon	
  

43	
  

CRESST-­‐II	
  (2011)	
  
Low-­‐mass	
  WIMP	
  soluMon	
  
at	
  11GeV	
  (M2)	
  mainly	
  due	
  
to	
  O	
  (52%)	
  and	
  Ca	
  (48%)	
  
scaners	
  

TUM-­‐40	
  (2014)	
  

CRESST-­‐II	
  upgrade	
  (2014)	
  
At	
   ~11GeV/c2	
  dominated	
  
by	
  W	
  (>90%)	
  scaners!	
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179Ta	
  +	
  e-­‐	
  →	
  179Hf	
  +	
  νe	
  	
  
M1-­‐shell	
  	
  L2	
  /	
  L1-­‐shell 	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  K-­‐shell	
  
2.6keV	
  	
  	
  	
  	
  10.7	
  /	
  11.3keV 	
   	
   	
   	
   	
   	
   	
   	
  65.4keV	
  	
  	
  	
  

Cosmogenic	
  
acMvaMon	
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External	
  
RadiaMon	
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Cu	
  fluorescence 	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pb-­‐210	
   	
   	
  	
  



Carrier-­‐Event	
  DiscriminaMon	
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CaWO4	
  target	
  crystal	
  

CaWO4	
  carrier	
  	
  glue	
  
Large	
  pulse-­‐shape	
  difference	
  

Event	
  in	
  target	
  crystal	
  
	
  
Event	
  in	
  carrier	
  


