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NB 
  Xenon @ Gran Sasso not covered here, being “US led” 

project, covered by C Galbiati 



Outline 

  Introduction 
  Overview 
  Status and prospects of currently running experiments 

  DAMA & low mass WIMP 
  CRESST, ZeplinIII, Simple, Edelweiss, Edelweiss-CDMS  

  Other detectors 
  DRIFT, MiMac, Cygnus 
  ArDM, (Warp) 

  Future large scale -1 t, multi t- projects  
  EURECA 
  Darwin, Cygnus 
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Which dark matter for ΛCDM ? 
  New field(s) of « gravitationnal » nature = 
modified gravity (MOND etc) 
-  justified by obs. galactic dynamics + Λ + … 
-  no convincing theory yet 
 
  New « particle-like » field(s), many 
possibilities among which: 
 
  « SuperWIMPs » eg. gravitino, axino (SUSY) 
  Supermassive relics (MPl) 
  Axions : Peccei-Quinn axions (QCD) or ALPs 
 
  The « WIMP miracle » : thermal relic 
hypothesis : 
     ΩDM~ 0.3 ⇒ <σannv> ~ 3x10-26 cm3/s  weak 
interactions, M~100 GeV (Weakly Interacting 
Massive Particles) 

  neutralino [SUSY models] 
  LKP [UED models] 
  … 
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Principle of  WIMP direct detection 

Interaction in a  
terrestrial detector 

Galactic WIMP 
 
velocity v ~ 200 km/s 
local density ρ0 

WIMP 

Energy deposition 
Nuclear recoil Er 

•  Relevant parameters: 
-  mass mχ ~ 10 GeV to 10 TeV for usual 
extensions of the Standard Model 
-  WIMP-nucleon cross-section σ, weakly 
contrained but of the order of EW scale 

θr 

•  Non-relativistic diffusion: 

~ 1 - 100 keV 
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1 evt / ton / yr 



6 

Principle of  WIMP direct detection 

Interaction in a  
terrestrial detector 

Galactic WIMP 
 
velocity v ~ 200 km/s 
local density ρ0 

WIMP 

Energy deposition 
Nuclear recoil Er 

•  Relevant parameters: 
-  mass mχ ~ 10 GeV to 10 TeV for usual 
extensions of the Standard Model 
-  WIMP-nucleon cross-section σ, weakly 
contrained but of the order of EW scale 

θr 

•  Non-relativistic diffusion: 

~ 1 - 100 keV 

 

R ~ 0 v
m mN

~ 0.04 100
A

100GeV
m

0

10 8 pb
0

0.3GeV cm 3

v0
230 km s 1

kg 1day 1

•  Interaction rate: 

1 evt / kg / yr 

1 evt / ton / yr 

 
•  Low-threshold detectors 
•  Ultra-low-background detectors : 
 
- « Passive » bckgd reduction (shields, 
radiopurity, external vetos..) 
- « Active » bckgd reduction 
(discrimination of electron recoils, 
multiple scatters..) 
 
•  We consider only the « spin-
independent » channel here → single 
WIMP-nucleon cross-section ∀ target 
 



LHC constraints on CMSSM m1/2 vs m0 

Ellis arXiv:1106.2923v1 

Ellis arXiv:1106.2923v1 

  Xenon 100 + 
LHC2010 65 pb-1 
 

  PreLHC 

  Atlas 2011 125 pb-1 



CMSSM models in σ vs Mwimp 

  PreLHC 

  LHC2010 65 pb-1 
 



DAMA, 250 kg NaI(Tl) @ Gran Sasso 
  Last paper : arXiv:1106.4667v1  “Observations of annual modulation in 

direct detection of relic particles and light neutralinos” 

SUSY 



DAMA 
  Last paper : arXiv:1106.4667v1  “Observations of annual modulation in 

direct detection of relic particles and light neutralinos” 

DAMA 
CoGeNT 

SUSY 

Chan Chan+QF 
NoChan 



But if Na recoils, unanswered question : 
“unnatural” background shape  arXiv:0808.0704v2 

 Unphysical 
background shape 



Compatibility with CoGeNT ? 
  1) Within constraint of spectrum, not much to play with M wimp with  

 

  2) Error in the 7 GeV WIMP prediction in 0.5-3 keV bin, blue curve ok 
  No compatibility of observed modulation with WIMP (Schwetz @ PPC2011) 
  Compatibility with DAMA requires QFNa excluded by data 

WIMP is here 

arXiv:1106.0650v1 



CRESST 

Excess in “O band” 

α	

O 
W 



CRESST : prospects 

  CRESST III : 20 kg of CaWO4 in upgraded cryostat, not funded 



Updated picture : june 2011 

CRESST 

CoGeNT 



About Xenon100 sensitivity at M<10 GeV 

  NB : Xe100 2pe/kevr 
  Simulation of sensitivity 
with resolution and 
poissonian fluctuations  

  Low mass sensitivity 



About Xenon100 sensitivity at M<10 GeV  

  NB : Xe100 2pe/kevr 
  “Infinite” resolution 

 => sensitivity below 10 GeV 
due to spillover of lower than 
threshold evts above threshold 
 uncomfortable 

1) 

  At low mass, Xenon sensitive to E<Ethresh 



About Xenon100 sensitivity at M<10 GeV  

2) 

  At low mass, Xenon sensitive to the tail of E distribution 

  Fixed 5 % acceptance 

  Threshold  
@ 0 keV, full  
acceptance 

  Fixed threshold  
@ 8.4 keV 



ZEPLIN III @ Boulby 

  Xe Two phases   
  8 kg fid mass, small 3.5 cm drift length  



ZeplinIII phys runs : 1 published, 1 on going  

  127 kg.d fiducial 
  8 evts in ROI 

2009 

  Improved set up, PMT, n shield … 
  Second science run since spring 2010 
  Stopped in mai 2011, paper by few months ? 
  Set up dismanteled 
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EDELWEISS-II @ LSM: largest progress in 1.5 y 
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EDELWEISS-II infrastructure 

  Cryogenic installation (18 mK) : 
  Reversed geometry cryostat, pulse tubes 
  Remotely controlled 
  Can host up to 40kg of detectors 

  Shieldings :  
  Clean room + deradonized air 
  Active muon veto (>98% coverage) 
  50-cm PE shield, 20-cm lead shield 
  Side detectors : 1 t Gd scintillator for muon induced n , He3 counters,…  
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Ge heat/ionisation detectors with interleaved 
electrodes 

‘a’ electrodes (+4V) 
collecting ‘b’ electrodes (-1.5V) 

field shapping 

‘c’ (-4V) ‘d’ (+1.5V) 
•  Keep the NTD phonon sensor 
•  Modify the E field near the 
surfaces with interleaved 
electrodes  
•  Use ‘b’ and ‘d’ signals as vetos 
against surface events 

- First detector built 2007 
- 1x200g + 3x400g tested in 2008 
- 10x400g  running 1 year 2009-2010 
- 800g detectors tested and running 2010-2011 
(NB : an alternative solution, NbSi films, studied for 10 years was abandoned in 2007) 

the « ID » (InterDigit) detector 

fiducial 
volume 

First 200g ID 
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1 evt 

PLB 681 (2009) 305-309 [arXiv:0905.0753] 

6x104 
210Pb 

6x104 
210Bi 
6x104 
210Po 

Background data 
210Pb calibration (2008) 

Efficient rejection of  surface events (dominant bck) 

  Much better than anticipated ! 
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Five WIMP candidates: 
-  four 20.8 < E < 23.2 keV 
-  one @ 172 keV 

« alpha tail » 

WIMP search : final results  
 •  10 * 400 g detectors : 1.6 kg fid mass 
•  13 months running (april 2009 =>  
•  Threshold fixed by acceptance and known background  
•  => 384 kg.d fiducial exposure 
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Elastic WIMP scattering limit 

  4.4 x 10-8 pb at Mχ=85 GeV 
  (x2.7 better than 2009 result, 

35 x better than 2003) 
  Sensitivity limited at low mass 

by background 
 
  Backgrounds 

arXiv:1103.4070 

Edelweiss I 



Combining Germanium data 



CDMS+EDELWEISS : the limits 

1 TeV: 
x2 behind Xe100  

100 GeV: 
x3 behind Xe100  

Below 70 GeV: 
>x5 behind Xe100  
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Prospects : 5x10-9 pb with EDELWEISS III 
 
   Infrastructure : Upgrades of cabling, 
cryogenics, acquisition and shielding 
within the current EDW-II setup 

  Special care with neutrons : 
additionnal inner PE shield 
 

  Detectors : ~ 40 FID800 bolometers 
installed beginning 2012 : 26 kg 
fiducial  

⇒  3000 kg.d by end 2012  

  Program funded (ANR 60%), under 
way 

  Low threshold detectors investigated 
see G Gerbier@ PPC2011  

Fiducial 
mass 
~640g 
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Simple @ Rustrel (France) 
Portugal, France, US   

   Superheated droplet detectors 
   0.2 kg active mass 
   20 kg.d, reanalysis of first run 
   Background subtraction 
   Doubt : stability, established for 3 months ? 

  

1106.3014v1 



MiMac (MIcro-tpc MAtrix of Chambers ) 
D Santos : LPSC Grenoble, IRFU Saclay, IRSN Cadarache 

  Directional detector for WIMP galactic origin identification 
  Demonstration of proof of principle  



MiMac (MIcro-tpc MAtrix of Chambers ) 
 

  Complementary to scalar detection, p-SD 
  Goal :  30 kg of CF4=> 50 m3 

  2011 : Prototype @ LSM  
  2012 : 1 m3 chamber  
  20xx : 50 m3 ,55 mb, 3 y 
 



DRIFT @ Boulby  
Occidental, UNM, USC, Sheffield, Edinburgh 

  CS2 gaz, 40 torr 
  Radon background partially solved 
  Goal : 24 m3, 4kg target 

  Data from 
DRIFT II 

 1 m3 



Cylindrical volume,  
drift length ≈ 120 cm 

850 kg target 
Drift field ≈ 4 kV/cm 
Charge readout at top:  

LEM gain ~700 
Light readout collection 

efficiency ≈ 1% 
Single photon detection 

Assumed baseline parameters:"

Charge extraction from 
LAr to Gar, amplification 
and readout"

ArDM 1 T prototype!

  Issue : 39Ar 1Bq/kg 
  Not low activity 
  Installation @ Canfranc  
this september 



  Search for WIMP SI interactions 
down to σ~10-10pb   

  (~1 event/tonne/year)   

EURECA : goal σ =10-10 pb   

  CRESST, EDELWEISS, ROSEBUD 
& additional groups 

  Cryogenic (<100mK) calorimeters 
  Multiple target materials: Ge, 

CaWO4, ZnWO4….  
  2 phases 

Phase 1  :150 kg : 2015 
Phase 2 : 1 t        : 2018 

  Preferred site : ULISSE extension 
deepest in Europe 



EURECA status & time line 
  Progress on set up definition 
  Collaborative work with SuperCDMS teams for shields, 

infrastructure, background & common “tower” and front end 
electronics design 

  DS in progress -partial ASPERA funding-  
  CDR ready by end 2011 
  Funding expected to be available by 2013 to start construction  
  Application to EQUIPEX call in France in coming month 
  Application to BMBF/ Helholtz in Germany 







Cygnus consortium 

  White paper 2009 
  Gathers all players in the field (DMTPC, Newage,…) 
  No clear strategy so far 



Summary 
  Important progress in EU cryogenic experiments 
(Edelweiss, CRESST, Rosebud-R&D) & effective US 
collaboration  
  Important progress in R&D (not yet competitive) gaz 

detectors 
  Alternative techniques interesting, should prove reliability 
  Liquid argon ArDM starting 
  Some DM candidates spark interest, DAMA check 

possible by ongoing ANAIS  
  Large scale projects need depth & space 
 


