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Rota+on	  Curves	  of	  
Galaxies	  and	  Galaxy	  
Clusters	  

F.	  Zwicky	  (1930+es):	  
Rota+on	  anomaly	  due	  to	  
Dark	  MaVer?	  

Large	  Scale	  
Structure	  
Forma+on	  

-‐>	  Evidence	  for	  Dark	  Ma2er	  on	  all	  
scales	  in	  the	  Universe!	  

Colliding	  Galaxy	  Clusters:	  
„Bullet	  Cluster“	  

baryonic	  maVer	  
(via	  X-‐rays)	  

dark	  maVer	  
(via	  gravita+onal	  
lensing)	  
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Cosmic	  Microwave	  
Background	  (Anisotropies)	  

PLANCK	  2013	  



How	  can	  we	  learn	  about	  Dark	  Ma2er?	  

Ar+ficial	  produc+on:	  accelerators	  
observa+on	  of	  missing	  energy	  

Gravita+on:	  
observable	  but	  does	  not	  reveal	  
par+cle	  nature	  of	  DM	  

Indirect	  search:	  
observa+on	  of	  annihila+on	  	  
products	  of	  DM	  par+cles	  

Direct	  Search:	  
Via	  elas+c	  WIMP-‐nucleon	  
scaVering	  (subject	  of	  this	  talk)	  
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Dark	  Ma2er	  ParAcle	  Candidates	  

 	  WIMP	  (Weakly	  InteracAng	  
Massive	  ParAcle)	  is	  focused	  on	  by	  
various	  detec+on	  experiments	  

The	  universe	  could	  plausibly	  consist	  
of	  par+cles	  ranging	  from	  10−6	  eV	  
axions	  to	  1015	  GeV	  WIMPzillas	  

• 	  WIMP	  could	  be	  the	  lightest	  
supersymmetric	  par+cle	  (LSP)	  	  
-‐>	  must	  be	  stable	  on	  cosmological	  
+mescales	  (R-‐parity	  conserva+on)	  	  	  

• 	  The	  lightest	  neutralino,	  is	  a	  very	  
aVrac+ve	  and	  thoroughly	  studied	  
candidate	  for	  Dark	  MaVer	  



Direct	  DetecAon	  Approach	  

Standard	  assump+ons:	  

• 	  WIMP	  density	  (ρD)	  at	  the	  Earth:	  ~0.3	  GeV/c²/cm³	  

• 	  	  Spectral	  shape:	  exponen+al	  towards	  lower	  energies	  
• 	  Wide	  range	  of	  WIMP	  masses:	  1	  –	  1000	  GeV/c²	  	  

• 	  Expected	  signature:	  nuclear	  recoil	  (of	  a	  few	  keV)	  

• 	  Expected	  scaVering	  behaviour	  (if	  spin	  independent):	  coherent,	  i.e.	  ~	  A2	  

• 	  Single	  scaVers	  distributed	  uniformly	  in	  target	  volume	  

• 	  Extremely	  rare	  interac+on	  rate	  with	  baryonic	  maVer	  (<	  0.01	  evts/kg/d)	  

→ 	  suppress	  natural	  radioacAvity	  and	  cosmic	  radiaAon	  by	  orders	  of	  magnitude:	  

 	  Deep	  underground	  faciliAes	  
 	  AddiAonal	  shielding	  with	  selected	  materials	  

 	  Detectors	  with	  very	  low	  energy	  threshold	  and	  excellent	  background	  	  	  
	  	  discriminaAon	  capability!	  

Goal:	  Detect	  WIMP-‐induced	  nuclear	  recoil	  in	  an	  earth	  based	  target	  material	  

R	  	  	  	  measured	  rate	  in	  detector	   	  ER	  	  	  recoil	  energy	  of	  target	  nucleus	  
MD	  	  mass	  of	  WIMP 	   	  σχ	  	  WIMP	  nucleus	  cross	  sec+on	   	  	  
N	  	  	  	  number	  of	  target	  nuclei 	  F2	  	  nuclear	  Form	  factor	  
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Direct	  Dark	  Ma2er	  (WIMP)	  DetecAon	  Approach	  

XENON	  

Phonons	  

Scin+lla+on	  Ioniza+on	  

SuperCDMS	  
EDELWEISS	   CRESST	  
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Expected	  WIMP	  „signature“	  -‐>	  nuclear	  recoil	  of	  only	  a	  few	  keV	  

Background	  is	  a	  big	  issue!	  



CRESST	  (Cryogenic	  Rare	  Event	  Search	  with	  SuperconducAng	  
Thermometers)	  The CRESST Setup

Jens Schmaler Latest Results of the CRESST Dark Matter Search 10
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CRESST	  experimental	  setup	  in	  Hall	  A	  at	  LNGS	  

Collabora+ng	  ins+tutes	  

Spokesperson:	  F.	  Petricca,	  MPI	  



CRESST	  at	  Gran	  Sasso	  Underground	  Laboratory	  

INFN	  /	  Laboratori	  Nazionali	  del	  Gran	  Sasso	  	  

~	  1,3km	  of	  rock	  
~	  3500m.w.e.	  
µ-‐flux:	  ~1m-‐2h-‐1	  
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CaWO4	  MulA-‐Element	  WIMP	  Target	  

40Ca	  
16O	  184W	  
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•  low	  WIMP	  masses	  
≤20GeV:	  only	  O,	  Ca	  
recoils	  above	  
detec+on	  threshold	  

•  high	  WIMP	  masses	  
≥30GeV:	  dominated	  
by	  W	  recoils	  

•  neutron	  
background	  mainly	  
O	  recoils	  above	  
detec+on	  threshold	  

Assump+on:	  coherent,	  spin-‐independent	  scaVering	  



CRESST	  II	  Detector	  Modules	  

W-‐TES:	  	  
Light	  detector 

Silicon	  or	  
SOS	  	  

absorber 

CaWO4	  

absorber	  
~300g	  

W-‐TES:	  
Phonon	  detector 

ScinAllaAng	  
and	  reflecAve	  	  
cavity	  

Transi+on	  Edge	  Sensor	  (TES)	  
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LIGHT	  

PHONON	  

phonon	  
light	  



~300g	  CaWO4	  target	  crystal	  

Silicon	  on	  sapphire	  	  
light	  detector	  

Reflec+ve	  and	  scin+lla+ng	  foil	  

TESs	  

Reflec+ve	  bronze	  clamps	  
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LIGHT	  

PHONON	  



• 	  CharacterisAc	  light	  yield	  (LY)	  for	  each	  type	  of	  event:	  

e-‐recoil: 	  	   	  1	   	  (by	  def.)	  
α:	   	   	   	  ~	  0.22	  
O-‐recoil: 	   	  ~0.10	  
Ca-‐recoil: 	  ~0.06	  
W-‐recoil:	   	  ~0.04	  

(„Quenching	  factors“)	  

• 	  Excellent	  discriminaAon:	  electron	  recoils	  (induced	  by	  γ	  and	  β)	  and	  nuclear	  recoils	  
• 	  Iden+fica+on	  of	  recoiling	  nucleus	  possible	  (depends	  on	  achievable	  separa+on	  of	  Ca,	  W	  and	  O	  	  	  
	  	  nuclear	  recoil	  bands)	  
• 	  Possibility	  to	  probe	  different	  WIMP	  mass	  scenarios	  in	  same	  target	  (unique	  for	  CRESST)	  

IdenAficaAon	  of	  Event	  Type	  
Discrimination of Event Type

each type of event has a
characteristic light yield L/E

e recoil : 1 (by def.)

α : ∼ 0.22
O recoil : ∼ 0.1
Ca recoil : ∼ 0.06
W recoil : ∼ 0.04

(→”quenching factors“)
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CRESST detectors provide on an event-by-event basis
1 excellent discrimination: dominant radioactive backgrounds (e-recoils)

vs. potential signal events (nuclear recoils)

2 to some extent: discrimination of the recoiling nucleus

→ probes WIMP interactions with different targets simultaneously

Jens Schmaler Latest Results of the CRESST Dark Matter Search 6

PHONON	  

12	  



67	  events	  at	  low	  energy	  observed	  in	  O,	  Ca	  and	  
W-‐bands	  in	  all	  detector	  modules	  (~730kg	  d)	  	  

Results	  of	  Run32	  (2009-‐2011)	  –	  Exposure:	  730kg-‐d	  

Data	  of	  one	  single	  300g	  detector	  module	  in	  Run32:	  

O-‐band:	  neutrons	  

W-‐band:	  expect	  „heavy“-‐WIMP	  interac+on	  
-‐>	  contamina+on	  from	  210Po	  α-‐decays	  in	  clamps	  

Electron	  recoils:	  γ,	  β	


α-events:	  from	  	  surfaces	  

13	  



Results	  of	  Run32	  (2009-‐2011)	  
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<re	  

arXiv	  astro-‐ph.CO,	  arXiv:1304.4279	  (2013)	  

The	  Low	  WIMP	  Mass	  Region	  aker	  CDMS-‐Si	  

DAMA	  

CRESST	  

CDMS-‐Si	  

CoGeNT	  

CDMS-‐Ge	  XENON100	  
EDELWEISS	  

-‐>	  CDMS-‐Si	  best	  fit	  point:	  	  
mχ=	  8.6	  GeV/c2	  

σχ	  =	  1.9	  x	  10-‐41cm2	   15	  



CRESST-‐II	  Phase	  2	  

Data-‐taking	  since	  July	  2013	  
•  18	  modules	  mounted	  (~	  5kg)	  
•  Goal:	  clarify	  nature	  of	  excess	  observed	  

in	  last	  run	  	  

Release	  of	  first	  data	  on	  low-‐mass	  WIMPs	  
in	  July	  2014	  
•  29	  kg-‐days	  of	  exposure	  with	  a	  single	  

detector	  module	  (TUM40)	  
•  Novel	  detector	  design	  employed	  
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CRESST-‐II	  Phase	  2	  
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	  Highly-‐efficient	  rejec+on	  of	  surface-‐alpha	  backgrounds!	  	  

Novel	  fully-‐scinAllaAng	  detector	  design	  



CRESST-‐II	  Phase	  2	  
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CaWO4	  crystal	  growth	  at	  TU	  Munich	  

Goals	  :	  
•  Increase	  radiopurity	  
•  Increase	  light	  output	  
•  Ensure	  supply	  (for	  ton	  scale)	  
Major	  achievements:	  
•  Reproducible	  growth	  of	  CRESST-‐size	  

crystals	  
•  Unprecedented	  intrinsic	  radiopurity	  

Czochralski	  furnace	  

raw	  ingot	  of	  m≈1kg	  

A.	  Erb	  and	  J.-‐C.	  Lanfranchi,	  CrystEngComm,	  
2013,15,	  2301-‐2304	  
M.	  von	  Sivers,	  Opt.	  Mat.	  34,	  11	  (2012)	  
1843-‐1848,	  arXiv:1206.1588	  

TUM-‐40	  
m=250g	  



CRESST-‐II	  Phase	  2	  

Unprecedented	  
background	  rate:	  
~3.5	  counts	  /	  	  	  	  
[kg	  keV	  day]	  

Gamma-‐lines	  
from	  cosmogenic	  
acAvaAon	  

Excellent	  energy	  
resolu+on:	  

≈90	  eV	  
@2.6keV	  

commercial	  crystal	  

TUM-‐40	  

179Ta	  L1(EC)	  

227Ac	   210Pb	  

Total	  event	  rate	  of	  TUM40	  

Threshold:	  0.6	  keV	  
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CRESST-‐II	  Phase	  2	  

TUM40,	  29kg-‐days	  of	  exposure	  

electron	  recoils	  

surface	  events	  

O-‐recoils	  
W-‐recoils	  

Phonon	  and	  Light	  channels	  fully-‐exploitable	  down	  to	  
lowest	  energies!	  

WIMP	  
acceptance	  
region	  
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Results	  from	  29kg-‐days	  of	  CRESST-‐II	  Phase	  2	  

LUX	  

XENON100	  

DAMA	  

SuperCDMS	  

CDMSlite	  

EDELWEISS	  low	  thr.	  

CRESST-‐comm.	  (2009)	  

CRESST-‐II	  Phase	  2	  
(2014)	  29kg-‐days	  
arXiv:1407.3146	   CRESST	  	  

(2011)	  
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ProjecAon	  for	  Final	  Exposure	  of	  	  CRESST-‐II	  Phase	  2	  

LUX	  

XENON100	  

DAMA	  

CRESST	  	  
(2011)	  

SuperCDMS	  

CDMSlite	  

EDELWEISS	  low	  thr.	  

CRESST-‐29kgd	  
Simula+on	  1-‐sigma	  	  

CRESST	  500kgd	  (mid	  2015)	  

CRESST-‐comm.	  (2009)	  
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Current	  Status	  of	  Direct	  Dark	  Ma2er	  Searches	  

LUX	   XENON100	  

SuperCDMS	  

CDMSlite	  

CRESST-‐II	  
Phase	  2	  

CRESST	  	  
(2011)	  

DAMA	  

EDELWEISS-‐CDMS-‐II	  

Currently	  
best	  
sensiAvity	  

cryogenic	  
detectors	  

liquid	  Xe	  
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ProjecAon	  for	  Final	  Exposure	  of	  	  CRESST-‐II	  Phase	  2	  

LUX	  

XENON100	  

DAMA	  

CRESST	  	  
(2011)	  

SuperCDMS	  

CDMSlite	  

EDELWEISS	  low	  thr.	  

CRESST-‐29kgd	  
Simula+on	  1-‐sigma	  	  
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CRESST-‐comm.	  (2009)	  

M
A
SS	  
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CRESST-‐III:	  Low-‐Mass	  WIMP	  Search	  

Straight-‐forward	  approach	  for	  near	  future:	  CRESST-‐III	  Phase	  1	  

Status	  quo	  (TUM40)	  

m	  =	  250g	  
V	  =	  32x32x40	  mm3	  	  

Phonon	  threshold:	   	  	   	  Eth	  ≈	  0.4	  keV	  	  	  
	  	   	  	  	   	   	   	  	  
Light-‐detector	  res.:	   	  !	  ≈	  5	  eV	   	   	   	   	   	  	  
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Straight-‐forward	  approach	  for	  near	  future:	  CRESST-‐III	  Phase	  1	  

Scale	  down	  size	  by	  factor	  10	  

Status	  quo	  (TUM40)	  

m	  =	  250g	  
V	  =	  32x32x40	  mm3	  	  

NO	  improvements	  assumed	  concerning	  radiopurity	  and	  opAcal	  quality	  of	  
crystals!	  

m=24g	  

+	  use	  2	  light	  
detectors	  

Phonon	  threshold:	   	  	   	  Eth	  ≈	  0.4	  keV	  	  	  	  	  	  	   	   	  	  improvement	  by	  a	  factor	  of	  5	  

Light-‐detector	  res.:	   	  !	  ≈	  5	  eV	   	   	   	   	   	  improvement	  by	  a	  factor	  of	  2	  	  
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CRESST-‐III:	  Low-‐Mass	  WIMP	  Search	  



CRESST-‐III	  Phase	  1	  	  

LUX	  

XENON100	  

SuperCDMS	  

CRESST-‐II	  
Phase	  2	  

CRESST	  	  
(2011)	  

CRESST-‐III	  	  
Phase	  1	  	  projecAon	  

Assump+ons:	  

•  24g	  CaWO4	  crystal	  

•  Eth	  =	  0.10	  keV	  

•  Light	  detector	  
improved	  by	  factor	  
2	  (due	  to	  smaller	  
volume)	  

•  3x	  more	  detected	  	  
light:	  due	  to	  thin	  
crystal	  +	  2nd	  light	  
detector 	  	  

10	  x	  24g	  detectors	  operated	  for	  one	  year	  ≈	  50	  kg-‐days	  (net)	  	  
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CRESST-‐III	  Phase	  2	  

Reduce	  intrinsic	  background	  level	  of	  
crystals!	  
•  Growth	  of	  CaWO4	  crystals	  in-‐house	  (TUM)	  
•  All	  produc+on	  steps	  under	  control	  
•  Improvement	  by	  factor	  10	  already	  achieved	  
•  Cleaning	  procedure	  e.g.	  by	  re-‐crystalliza+on	  	  

REALISTIC	  GOAL	  (in	  2	  years):	  	  
	   	  Reduc+on	  of	  background	  level	  to	  	  10-‐2	  counts	  /[kg	  keV	  day]	  
	   	  (2	  orders	  of	  magnitude	  compared	  to	  present	  CaWO4	  crystals)	  
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CRESST-‐III	  Phase	  2	  

LUX	  

SuperCDMS	  CRESST-‐II	  
Phase	  2	  

CRESST	  	  
(2011)	  

CRESST-‐III	  Phase	  1	  	  
projecAon	  

CRESST-‐III	  Phase	  2	  	  
projecAon	  

100	  x	  24g	  detectors	  of	  improved	  quality	  operated	  for	  2	  years	  ≈	  1000	  kg-‐days	  (net)	  	  
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Future	  European	  Cryogenic	  Dark	  Ma2er	  Experiment	  -‐	  	  
EURECA	  

EDELWEISS-‐
FID800,	  Ge	  

CRESST-‐II	  
Phase	  2,	  
CaWO4	  	  

Project	  based	  on	  CRESST	  &	  
EDELWEISS	  technologies	  

•  Conceptual	  design	  report	  2014	  

•  modular	  towers	  in	  cryostat	  
•  Water	  shield	  around	  cryostat	  
  Phase	  1:	  	  

•  six	  800g	  Ge	  or	  twelve	  300g	  
CaWO4	  per	  tower	  level	  	  	  

•  Op+on:	  1.6kg	  Ge	  and	  1kg	  
CaWO4	  detectors	  

  Phase	  2:	  up	  to	  1ton	  of	  target	  mass	  

G.	  Angloher	  et	  al.,	  Physics	  of	  the	  Dark	  Universe	  3	  
(2014)	  41–74	  
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EURECA	  &	  SuperCDMS	  

Based	  on	  earlier	  collabora+ve	  work	  between	  
EDELWEISS	  and	  CDMS-‐II	  
  Common	  analysis	  of	  Ge	  detectors	  Phys.	  Rev.	  D	  84,	  

011102(R)	  (2011)	  

Status	  SuperCDMS:	  
Supported	  experiment	  a�er	  G2-‐downselec+on	  	  
•  Funding	  for	  large	  cryostat	  (up	  to	  400kg	  of	  

target	  mass)	  
•  Funding	  of	  50kg	  Ge	  detectors	  

Expected	  EURECA	  contribuAon:	  
•  Detectors	  (Ge	  +	  CaWO4)	  
•  Cryogenics	  
•  towers	  &	  readout	  
•  op+misa+on	  of	  shielding	  

Close	  contact	  between	  EDELWEISS,	  
CRESST	  and	  SuperCDMS	  collabora+ons!	  
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Conclusions	  

32	  

• 	  Tensions	  in	  the	  WIMP	  parameter	  space	  (direct	  detec+on)	  

• 	  Present	  CRESST	  limit	  from	  29kg-‐days	  of	  exposure	  collected	  with	  	  
only	  one	  new	  detector	  (~250g)	  

• 	  Best	  direct	  detecAon	  limit	  on	  low	  WIMP	  masses	  (below	  3GeV/
c^2)	  

• 	  Signal	  excess	  seen	  in	  run32	  (2012)	  not	  confirmed	  

• 	  Present	  run	  ongoing	  un+l	  mid	  2015	  (~500kg-‐d)	  

• 	  Future: 	  -‐	  explore	  low-‐mass	  WIMP	  parameter	  space	  with	  CRESST	  
	   	   	  	  	  un+l	  solar	  neutrino	  background	  is	  reached	  

	   	  	  	  	   	  -‐	  EURECA-‐SCDMS	  as	  low-‐temperature	  ton-‐scale	  	   	   	  	  
	   	   	  	  	  	  experiment	  for	  high	  and	  low	  WIMP	  masses	  


