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Direct WIMP searches
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“Simple” event counting: scattered

nuclei in a detector/target
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108 pb ~ 1 evt/kg/year

Main challenge: extreme suppression of low-energy

backgrounds from natural radioactivity

(for comparison: people = 101% decay/kg/year)

Material selection

Shielding (surroundings + cosmics)

Rejection

Counts above threshold

Detailed understanding of background tails and
detector imperfections.

Cryogenic germanium detectors: purity + energy
resolution + identification of nuclear recoils by
combining heat+ionization measurements

Roszkowski, Ruiz & Trotta (2007)
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EDEL WEISS-II Setup

Polyethylene
shield

Pb shield

P

Nutron

\ ¢ counter

Up to 40 kg Ge detectors at ~18 mK
Simple and robust detector design

Radiopurity
dedicated HPGe detectors for systematic
checks of all materials

Clean room

(class 100 around the cryostat,
class 10000 for the full shielding)

Deradonized air (down to few mBg/m3)

Gamma and neutron shielding
20 cm Lead + archeological lead
50 cm Polyethylene

Active U veto (>98% coverage)

+ W-n coincidence measurement

Background studies
- He3 thermal neutron (inside/outside shields)
- Large liquid scintillator neutron counter

Phasell sensitivity goal:

o,, = few 108 pb (~0.002 evts/kg/d)
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EDELWEISS-II in pictures
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m Opened shields (with electronics)

m Detectors inside the cryostat
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lonization/Recoil

EDEL WEISS Heat+lonization detectors

) ) ) lonization Al electrodes ~ 100 nm
m  Phonon/Heat signal = true calorimetric (center channel)

measurement of total energy (NTD-Ge onization
thermistor: T= 18 mK, AT ~1 uK/keV) (guard channel)

amorphous Ge
or Si~ 60 nm

m Jonization yield (Al electrodes, sub-keV
resolution): for nuclear recoils, it's ~1/3 of Heat
yield for e- recoils channel
m Limitation: deficient charge collection near NTD sensor
surface (low field, low temperature)
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Interleaved electrodes for surface rejection

A B A B A B A B A ' |
88 @ c =l l ) . —
S\ S N ”‘\\ /7| A: +4 V
B: -1.5V
0.5
Grid effect
0 close to fiducial
electrodes
-0.5
C: 4V
A D: +1.5V
Tc D . i
0 05 1 15 2 25em - A-C B"callbratlon
40_— (210P°)
Bulk events: Surface events: o 2,009 ID
charge only on fiducial charge on veto electrodes <&
electrodes (B&D) (A & C + guard rings) g o |
8 2ol Fl-dtlcial

Redundancy: Can cut on B, D surface electrodes or on

D201 - 4V

the balance between the two fiducial electrodes A-C A0 Btck ter uar
= Red : after veto cut (A+C)/2
T E— 20 50"

PLB 681 (2009) 305 [arXiv:0905.0753] Efid [eV]

July 20th, 2011 EDELWEISS Status at EPS2011 - Grenoble 7



Surface rejection of ID detectors

m  High-statistics test of surface rejection in interleaved region:
e <0.3 evts expected in ~400 kgd exposure
e Detailed test of actual backgrounds

210pPp calibration Data for WIMP search
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WIMP search with ID detectors

m First significant search (384 kgd
exposure) with ten x 400g IDs

o
)

m Search focused on medium and
high mass WIMPs (analysis
threshold 20 keV)
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m 14 months, 85% duty cycle +
extensive calibrations 06
m Five nuclear recoil candidates 0.4
observed .
0.2 i .
m  Background estimate: 3 events e oot
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e ~1/3 uncertainties in (n,a) reactions
inside the cryostat o
Preliminary results:
e ~1/3 other measured imperfections PLB 687 (2010) 294-298
. . Final results:
+ problems associated with presence Accepted PLB [arXiv:1103.4070]

of large non-fiducial volume?
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Spin-independent limits
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« Full » ID detectors (FID)

EDELWEISS FID - 133Ba calibration (411663 y)
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FID (410000 v)]
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Conclusions

m EDELWEISS-II has reached a sensitivity of ~4.4x10-8pb with ten
400 g ID detectors

m It lead to the development of improved FID detectors (with a
larger fiducial volume and better rejection) and a better
understanding of present background sources.

m EDELWEISS-III (funded)

e 40 x 800 g FIDs, >25 kg fiducial mass: deployment by end 2012
e Goal: 3000 kgd (<6 months) for 5x10-°pb

e EDELWEISS-II environment (cryogenics, cabling, shielding) upgraded
for further reductions of backgrounds

e Electronics, cabling & cryogenics tuned for lower thresholds

m Longer-term future: FID technology scalable for a larger
cryogenic experiment such as EURECA at LSM extension
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