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Plan	  
	  
<>	  Past:	  from	  1988,	  1g	  of	  Al2O3	  to	  2010	  
	  	  	  	  	  3*	  320g	  ultrapure	  Ge	  	  EdelweissI	  
	  10*400g	  ID	  beginning	  of	  EdelweissII	  

	  
<>	  Present	  10*	  800g	  ultrapure	  Ge	  EdelweissII	  
	  
<>	  Future	  	  40*	  800g	  ultrapure	  Ge	  EdelweissIII+	  
	  	  EURECA	  
	  
	  
	  



Mo#va#ons	  	  for	  a	  low	  temperature	  physicist	  	  to	  do	  Astrophysics?	  
	  
	  
	  
	  
	  
As	  a	  Sco[sh	  lord	  said	  	  about	  love:	  	  	  	   	   	  What	  could	  be	  said	  of	  Astrophysics	  
	  
The	  pleasure	  is	  momentary	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  idem	  
	  
The	  posi@on	  is	  ridiculous 	   	  	  	  	  	  	  	  	  	  	   	  the	  posi@on	  is	  dangerous	  (scarce	   	   	  

	   	   	  	  	  	  	  	  	   	   	   	   	   	   	  	  really	  new	  publica@ons)	  
The	  expense	  is	  damnable 	   	  	  	  	  	  	  	  	  	  	   	  idem	  
	  
(G.K.Chesterton) 	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  (M.P.	  HaGer)	  
	  
	  

	   	   	   	   	  Nevertheless…..	  You	  love	  it!!	  
	  



LSM	  office	  
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The	  team,	  the	  site	  
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Status of the EDELWEISS 
Dark Matter search 



	   	   	  The	  Past	  
	  from	  1g	  of	  Al2O3	  	  (1988)	  to	  3*	  320g	  ultrapure	  
Ge	  (2003)	  	  Edelweiss	  I	  with	  a	  small	  home	  made	  	  
low	  radioac@vity	  cryostat	  (the	  blue	  cryostat)	  
with	  	  a	  cold	  space	  of	  one	  liter	  
	  
What	  were	  the	  problems?	  
*Small	  mass	  and	  no	  more	  space	  
*No	  muon	  veto	  
*Neutron	  induce	  (one	  clear	  n-‐n	  coincidence)	  
*Surface	  electron	  events	  
*	  Radon	  
	  
	  
	  
	  



Heat and ionisation detectors 

Wimp	  

NTD	  sensor	  

electrons	  

holes	  

heat	  channel	  

«	  Centre	  »	  Ionisa@on	  channel	  

•  Ionisation: some thousands pairs 
over some 100ns  
•  2 Al sputtered electrodes (Centre
+Guard) 

• 	  Heat: some µK over ms 
•  Neutron Transmutation 
Doped thermistor 

320g high purity Ge detectors 

Ge	  

«	  Guard	  »	  
Ionisa@on	  channel	  

E	  



The	  way	  to	  Edelweiss	  II	  
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Challenges to  
overcome:

 
 Neutrons; 

 -induced events; 

Way to go: 

low radioactivity; 
powerful rejection  
background 
knowledge; 

Count rate: 

< 1 evt/kg/year! 

!"#$%% &'())*%!"#$%

+,'-./.01%%
02'/,23% %ER ~10 keV 

DM challenges & experimental setup 

Side monitoring detectors: 
 Rn detector  

  down to few mBq/m3 
 He3 neutron detector  

  (thermal neutron monitoring  
   inside shields)  
  sensitivity ~10-9 n/cm2/s 
 Gd-loaded liquid scintillator  

  neutron counter  
  (study of µ-induced neutrons) 

Polyethylene 
shield 

EDELWEISS 



Inside	  the	  LSM,	  Edelweiss	  II	  
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EDELWEISS-II experimental setup 



EDW	  II	  technology	  
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EDELWEISS-II   detector technology 

Germanium bolometers 
 Ionization measurement @ few V/cm 
 Heat measurement (NTD sensor) 
 discriminating between ER and NR 

    Q  = ionization/recoil energy 

1st generation 
GeNTD 

320g 
all planar 

electrodes 
 

2nd generation ID400 
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EDW	  II	  technology	  
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EDELWEISS-II   detector technology 

Germanium bolometers 
 Ionization measurement @ few V/cm 
 Heat measurement (NTD sensor) 
 discriminating between ER and NR 

    Q  = ionization/recoil energy 
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neutron calibration (AmBe) 

-equivalent 
to 3x104 kgd 
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Before rejection 

After rejection 

Phys Lett B 681 (2009) 305 

rejection of surface events  
due to veto electrodes 



Edelweiss	  II	  final	  results	  
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EDW-II final result (2008+2009+2010) 

 
 no indication  for a WIMP signal          PLB702,5 (2011) 329 

standard halo  SI < 4.4 x 10-8 pb at 90%C.L. for MWIMP = 85 GeV/c2 

 
 
 

total exposure  
of 427kg.d  

384kg.d  
in 90% NR band 
(WIMP RoI) 
fiducial mass 1.6kg 
 
5 events observed 
(4 with E<22.5keV; 
 1 with E=172keV) 
 
3 evts bg expected 
20<E<100 keV 

, 0.3 ß, 1.8 n) 

Klaus Eitel | EDELWEISS DM search 
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results in parameter space  vs. m

XENON100 PRL 107 (2011) 

ZEPLIN III, arXiv: 1110.4769  

CDMS Low E, PRL 106 (2011) 

CRESST II 1 sigma arXiv: 1109.0702  

CRESST II 2 sigma arXiv: 1109.0702 

XENON10 Low E, PRL 107 (2011) 

CoGeNT PRL 106 (2011) 

DAMA/LIBRA EPJ C56 (2008) 

CMSSM with LHC and XENON 100  
Buchmüller et al, arXiv: 1110.3568 

CMSSM Trotta et al, (2008) 

EDW (384kgd; [20-200keV], 5evts  SI < 4.4 x 10-8 pb; MWIMP = 85 GeV/c2)  
CDMS (~379kgd; [~10-100keV], 4 evts; SI <3.8 x 10-8 pb; MWIMP = 70 GeV/c2) 

EDW  + CDMS,  
combined analysis 
Phys Rev D 84 (2011) 



Edelweiss	  III	  2011	  
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EDELWEISS 
PLB 681 (2009) 

300K 
100K 

1K 

Klaus Eitel | EDELWEISS DM search 

Edelweiss-III (2012) 
increase target mass    modify electronics & DAQ 

 40 detectors à 800g     240 channels + auxiliary det.´s 
 
 
 
 
 
        new wiring, 
        ADC in-house electronics 
reduce neutron background               

new cryostat design 
new arrangement of Ge 

new Cu mounting layers     

new internal PE shield 

modified cryogenics             new event-based readout scheme 

         (DAQ crate similarly used by KATRIN/AUGER) 

 

2 NTD,  4 (6) electrodes 
[2 «fiducial» volumes] 
218 ultrasonic bondings 
       per detector 



Bigger,	  beGer,	  anyway	  needed!!	  
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New	  detectors,	  new	  problems…	  

•  The	  FID	  800	  g	  have	  leaking	  problems	  between	  some	  
electrodes,	  for	  not	  well	  understood	  reasons	  (	  new	  
supplier,lateral	  electrodes,high	  field	  at	  the	  side	  of	  
electrodes..)	  

•  We	  are	  trying	  some	  solu0ons,	  more	  distance	  between	  
electrodes,thicker	  insula0on	  under	  electrodes…in	  progress.	  

•  A	  deep	  understanding	  of	  the	  charges	  path	  	  (they	  are	  not	  
following	  the	  electric	  field	  line,	  which	  give	  a	  new	  image	  of	  the	  
fiducial	  volume)	  was	  undertaken	  by	  A.Broniatowski	  at	  
CSNSM.Theses	  studies	  are	  essen@al	  to	  have	  a	  clear	  picture	  of	  
how	  a	  detector	  is	  working.	  
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EDELWEISS-II  
low-E investigation 

95% gamma cut 

1.7keV ion. cut 90% WIMP contour 

data         

 Choice of detector with best resolutions 
    in heat and ionisation (ID3) 

 Study fid-ionization vs Er (calculated 
    from heat assuming all evts are NR) 
     sensitivity down to 6 keVnr 

 NR region contaminated by  
    heat evts and   cuts 
     data 198d ok, 31 kg.d 

 For each WIMP mass, count no. of 
    events inside 90 % acceptance region 

 Typically between 8 and 30 GeV, 
    data contain 1 to 3 events  

 Expected background ~ 1 
 No signal  consider all events as 

    potential NR and set Poisson limits 
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EDELWEISS-II  
low-E investigation 

next steps: 
 use other detectors 
  R&D on sensors (ionisation and heat)   few 100eV threshold 

Low	  energy	  analysis	  



Edelweiss	  III	  in	  …2014?	  
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CMSSM with LHC and XENON 100  
Buchmüller et al, arXiv: 1110.3568 

CMSSM Trotta et al, (2008) 

XENON100 PRL 107 (2011) 

ZEPLIN III, arXiv: 1110.4769  

EDW  + CDMS, Phys Rev D 84 (2011) 

CDMS Low E, PRL 106 (2011) 

CRESST II 1 sigma arXiv: 1109.0702  

CRESST II 2 sigma arXiv: 1109.0702 

XENON10 Low E, PRL 107 (2011) 

CoGeNT PRL 106 (2011) 

DAMA/LIBRA EPJ C56 (2008) 

Edelweiss-III  in  2013 

EDW-3 projected 3000 kg.d  
(20kg fid. mass x 150days) 



Futur	  
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Coopera@on	  
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Coopera@on	  ,	  suite	  

•  Exchange	  of	  informa@on	  between	  CDMS	  and	  
EDELWEISS/EURECA	  

•  Cryogenie	  
•  Low	  radioac@vity	  
•  More	  in	  the	  futur	  ?	  It	  depends	  also	  of	  the	  
futur	  of	  the	  two	  stream,	  US	  and	  EU	  
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future: EURECA 

Klaus Eitel | EDELWEISS DM search 

EURECA  goal: 10-10 pb, 150kg  1000kg, 
multi-target, bgd ~ 10-5 evts/(kg.d) 
EDW, CRESST, ROSEBUD, +others  
coordinated cooperation with SuperCDMS 
(1st joint meeting Oct 7, 2011) 
CDR by summer 2012 
facility type (DM, 0nbb,...) 
part of ASPERA roadmap 

 



A	  personal	  conclusion	  

•  Running	  aner	  the	  wind	  is	  a	  very	  healthy	  
exercise	  

•  Qui vit sans folie n’est pas si sage qu’il croit 
(La Rochefoucault)	



