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The EDELWEISS experiment search Non
Baryonic Cold Dark Matter in form of
WIMPs with Cryogenic HPGe Detectors




A Search for Cold Dark Matter with Cryogenic
Detectors at Frejus Underground Laboratory

EDELWEISS experiment
search for rear events of
WIMP-nucleon scattering

WIMP

from the galactic halo

V ~ 230 km/s

Nucleus A
at rest in the lab

Main experimental challenges are:

event rate is ultra small (below of 1 per 100 kg of matter per day):
energy deposition is tiny (below of 100 keV)

Thus main tasks for any Dark Matter search experiment are:
detector mass + long stable data taking

detectors’ performance (low threshold, good resolution)
background reduction



The EDELWEISS experiment

Solutions of the background
problem:

1. Traditional

2. Special




Solutions of the background problem:

1. Traditional

Experiment is located in one of the deepest
underground laboratory - LSM - with muon flux

only 4 u/m2/day

Using of multi layer shielding + active veto system
Material selection

Continuous control of radon and neutron background

2. Special
Using of Heat and Ionization HPGe detectors, | .
running in 3He-*He dilution cryostat (<20 mK) I

Al electrode (NTD Ge)
\ )

Biais
amplifier

o - WIMP
Ratio Eionization/ErecoiI_IS _ )":;'::”rays
=1 for electronic recoil
~0.3 for nuclear recoil
—=Event by event identification of the recoil

=Discrimination y/n > 99.99%

W =1-6 Volts

Charge
amplifier

Detectors with special concentric planar electrodes
. . . . (charge collection )
for active rejection of surface events (miss-collected
charge) e
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Main result of the EDELWEISS-II phase of the experiment
10 ID ~400 g HPGe detectors (fiducial mass 1.6 kg)
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The EDELWEISS results

EDW (384kgd; [20-200keV], Sevts > o5 < 4.4 x 108 pb; M,,up= 85 GeV/c?)
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EDELWEISS + CDMS

EDW (384kgd; [20-200keV], 5evts > 0 < 4.4 X 108 pb; My = 85 GeV/c2)
CDMS (~379kgd; [~10-100keV], 4 evts; 0, <3.8 x 10 pb; M0 = 70 GeV/c?)
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EDELWEISS results for low mass region

EDW (384kgd; [20-200keV], Sevts > ag, < 4.4 x 10-° pb; Myue= 85 GeV/c?)
113 kgd; [5-20keV], 1-3 evts > ag; < 1.0 x 10° pb; Myyp = 10 GeV/c?)
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=xXcellent results put where are VVIIVIF

—DELWEISS-I



Excellent results but where are WIMPs?

EDLWEISS-III: New setup

am— e A




Main uggrade from EDELWEISS-ITI to EDELWEISS-III

- Nature of the background

- Detector’'s mass

Both aims are targeted with new FID80O0 detectors + improved experimental setup
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How to imErove
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- FID800: 800-850 g / detector
- Two NTD termistors

- All surfaces have special
electrodes scheme, fiducial volume

~ 5%

0.2 H

EDELWEISS FID - 133Ba calibration (411663 v)
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EDELWEISS-IIT:
improved neutron shielding

Neutron background reduction by 10 +
times

~10 cm of polyethylene below

detectors.
~6 cm of PE on the sides and top.

Low-radioactive cables and

connectors.

New copper screens (cryostat),
plates and bars.

1: external cupper screen of the cryostat; 2: lead
shielding; 3: main polyethylene  shielding
(EDELWEISS-2 and 3); 4: electronics in the main
polyethylene shielding; 5: part of the new polyethylene
shielding (EDELWEISS-3).



EDELWEISS-TIIT

Less microphonics.
Resolution improvement by 30%.
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EDELWEISS-III, new fast electronics

upgrade of electronics & cabling

Opl:aln/o;n@ DC.DC

o converte*
g

=1 ‘6'Lliow noise’ vollage 2mp
4 & DAC board ,

1K-10mK FET boxes AD boxes w/ 100kHz/40MHz sampling
- new front-end electronics <1 keV FWHM baseline resolution
upgrade of DAQ & data structure

new cables 300K-100K-
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DLWISS-III, 36 new FID80O detectors

produced and installed in the cryostat
Significant increase of the fiducial mass (from

1.6 2 to ~22 22




EDELWEISS-III
timeline and aims
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The Targe‘r
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We hope to see WIMP’s signals soon



Conclusion and outlook

« Dark Matter problem is important for both particle physics and
astrophysics;

EDELWEISS experiment located at Modane Undeground Laboratory
(France). The experiment aimed for direct WIMP observation in
terrestrial laboratory with HPGe cryogenic detectors working in heat-
lonization mode,;

« EDELWEISS has a potential for exploring 1045 cm? level in next few
years (region of interest of SUSY models — discovery of WIMPs);
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ID detectors and results

210Ph source calibration at LSM
Rejection ~1in 2 104!

Equivalent to exposure of 4000- 40 000
kgd !

EDELWEISS - 133Ba calibration (98693 )

Gamma rejection better than 1 in 10°

Expected background ~0.1 per 3000
kg.d
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Scheme of background surface events

Y 46.5 keV (4%)

N
210pp
- Cu few mm
€ 61 keV max o)
X
2108 22 206pp e
. o YT som | Y4skev QL 10keV - 100keV - IMeV
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Y
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Po \O J
. ionisation 9 A
amGe 70nm
206 v
Pb ‘1’ o L X
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100 keV 5.3 MeV 20 um
| Particule Energie | Cu | Ge | Pb | Ge 2cm
10 keV 9pm | 170 pm | 18 pm B A 700 pum
Gamma 100 keV | 6 mm | 8 mm | 400 pm
1 MeV | 40 mm | 80 mm | 30 mm
10 keV | 200 nm | 350 nm $mm
Electron 100 keV | 11 pm | 20 pm ¥

1 MeV | 340 pm | 700 pem
Alpha 53 MeV | 11 pm | 19 pm | 15 pm
Polonium 100 keV | 40 nm | 68 nm




210ph (22.3 y)

206Hg (8.1 m) . Bi (5.0d)
\Q
\ o lcy»/ 21°Po (138d)

206T] (4.2 m) \ /
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Level of contamination is very low: < 0.5 alphas / detector / day
(few tenth atoms of 219Pb per cm?)

Anyway need a confirmation that background is due surface events -> MC + experimental

test



countskey
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Background budget of Edelweiss-II, final

y-background
133Ba calibration:

Surface events
210Pb source:

Neutrons from all components

1.8-104 events

x 3-10 -5 leakage into Rol

5000
x6-10—°

Geant4 x measured radiopurity

u-induced events

veto efficiency (conservative):

Total

r#" =0.008*
>93.5%

0-002 (events/kg.d)

<09

<0.3

<3.1

<0.72
<5.02
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Beyond EDELWEISS-III > EURECA
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EURECA collaboration

as of 2013; ~130 members (~60 FTE) on _ | K R
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EURECA “baseline” site: DOMUS@LSM

= Fréjus tunnel: 12870m; safety gallery decided in 2006
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funded extension scheme
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FRANCE

v length:  40m digging early 14 or end 15
width: 19m 6m excavation
r b height:  16m 10m outfitting
‘ volume: 12.000 m3 ready by 2016/2017

Roadway tunnel

g (F. Piquemal, TAUP13)



EURECA baseline design
https://dl.dropbox.com/u/58745013/EURECA-CDR-final.pdf

» mass(Cu) ~ 2035 kg
» mass (PMMA) ~ 1650 kg
» mass (detectors) ~ 1000 kg

|| Readout wiring |

Infrastructure

Electronics

Baseline option

-
m

Sintered heat

Space

exchanger

EURECA volume
Cryostat
\ Water shield tank
Low-background Water buffer
stietding Man tower

Cleanroom suite
Cryogenics

10x24-m footprint x 12-m height
2-m diameter x 2-m height

8-m diameter x 12-m height
6.5-m diameter x 12-m height

6 x 8-m footprint x 12-m height
48-m? footprint x 3-m height
6x5-m footprint x 3-m height



EURECA detector towers

e
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alternative:
tower of
18x3 casings
B g B @=110mm; h=48mm
- 648 detectors 1600g-Ge

e

e

tower spacing: d=360mm

tower of 18x6 casings with
@=86mm; h=48mm
- 1296 detectors 800g-Ge

2013 ongoing study:

a) technical design of a tower
b) cabling & frontend electr.
c) thermal conductance tests

(or 2160 detectors 300g-CaWO,)



SNOWMASS 2013

Where Are We Going?
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