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(~10 Bg - ~30 mBq)
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EDELWEISS Ge heat&ionisation detectors ﬂ("'

Karlsruhe Institute of Technology

Event discrimination via simultaneous charge and phonon measurement

Al electrodes ~100 nm

A +4 V
B: —1.5V

Bulk/Fiducial event Surface event
Charge collected on Charge collected on
electrodes A&C electrodes A&B
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NTD Phonon/Heat sensor
= calorimetric measurement
of total energy (T=18 mK,
AT ~ 0.1 uK/keV)

Al electrodes
lonization measurement
(sub-keV resolution)

lonization yield
Q = E,/Eg. nuclear recolls
have ~1/3 Q of e-recolls




lonization yield

calibration with y/n-sources
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n calibrations with AmBe

lonization yield
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EDELWEISS setup AT

Karlsruhe Institute of Technology

e*,e’, vy, Pb shield

Cryostat

n, polyethylene shield

p-n, Neutron
counter

u, Muon Veto
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Results from EDELWEISS-II 2011 (384 kg.d) \\‘(IT

a Edw-II: semi-blind
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CDM analysis for
~100GeV WIMP mass

13 months / 384 kg.d
of exposure

5 events observed
3 background events
expected

EDELWEISS 2011:
PLB, 702(5), 329-335

CDMS & EDELWEISS 2011:
PRD, 84(1), 1-5
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Avg ID FWHM baselines in 384 kgd sample:
0.9 keV ionization, 1.25 keV heat
(acceptable for >50 GeV WIMP search:
~100% eff. for 20 keV recoil threshold)
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EDELWEISS-II
Low WIMP mass analysis

m 2009-2010 data
(best ID detectors)

® 4/10 ID detectors (~113
kg.d)

®m 1.4-1.9 keV lonization
threshold

® 95% C.L. gamma cut 107
® Background expect.:
y +ion. threshold + n: § 10-5
2.9 evts / 1-3 observed J
107°
PRD, 86, 051701(R), (2012) i
107
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EDELWEISS-II
Low WIMP mass analysis results

2009-2010 data
(best ID detectors)

4/10 ID detectors (~113
kg.d)

1.4 — 1.9 keV lonization
threshold

95% C.L. gamma cut

Background expect.:
v + ion. threshold + n:
2.9 evts / 1-3 observed
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Karlsruhe Institute of Technology

Upgrades = EDELWEISS-III ﬂ("'

1. Suppression of background

2. Improvement of y discrimination

DAC1 DAC2
detector Gate potential

3. Confirmation of B-rejection with new -
iy owtcting) ooy owicing

detectors and improved resolutions : Fl{ oo

2nF

! Detector
—+ cabling
(~180pF)

4. Enable upscaling towards 1ton-scale exp. ahasaELL

KERRERERRE-ERRRRE(!
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counts/3keV
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Upgrades towards EDELWEISS-III
1. Suppression of background

m detailed studies of remaining background
v-bgd and ambient neutrons = arxiv:1305.3628, Astrop. Phys. 47 (2013) 1
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350 = o 238 keV 2*Th B _
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% 500 1000 1500 2000 2500 3000 20 80 100 120 140 160 180 200
lonization energy [keV] lonization energy [keV]
Material v rate (evts/kg/day) 20—200 keV _fraction (%)
Detector casings/CuC2 copper 14 17
: Disks, bars, 10 mK chamber/ CuC1 copper 9.5 12
major sources onl : :
J y Screens 7-11/copper 32.5 40
Pollution 300 K 22 27
Total MC 82
_ Total data 82
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Neutron yield [neutrons - MeV™'. s1. cm™]
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Upgrades towards EDELWEISS-III
1. Suppression of background

m detailed studies of remaining background
v-bgd and ambient neutrons > arxiv:1305.3628, Astrop. Phys. 47 (2013) 1
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Stainless Steel
= 1 ppb U + 1 ppb Th
-==== 1 ppb U - spontaneous fission
— = 1 ppb U - (alpha,n) reactions
1 ppb Th

B,
-

Energy [MeV]
G4 neutron signatures/rates cross-checked via calibrations with
AmBe sources inside(20n/s) & outside(2x10°n/s) passive shielding
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Source Material Neutron events
Hall walls Rock =100
Hall walls Concrete =0.1
Shielding Polyethylene =10.01
Shielding Lead <0.08
Support Stainless steel <001
Support Mild steel <004
Warm electronics PCE 10+05
1 K connectors Al mimi wm 0.5 +0.2
Thermal screens, crystal supports Copper =01
Loaxial cables FTFE =0.5
Crystal holders FTFE =<10.01
Electrodes Alurmimi um <001
Total =3.1




Upgrades towards EDELWEISS-III
1. Suppression of background A\J(IT

m detailed studies of remaining background
U-induced neutrons => arXiv:1302.7112, Astrop. Phys. 44 (2013) 28
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" — (0008+8883) evts/(kg d) before p-veto cut

EDWe-II: after p-veto cut: N¥" < 0.72 evts (90%CL)
EDW-III: after p-veto cut: N¥" = 0.6%97 , o evts (90%CL, 3000kg.d)
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Upgrades towards EDELWEISS-III
1. Suppression of background ﬂ(".

m Dedicated measurement of p-induced neutrans
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Upgrades towards EDELWEISS-III

1

. actions against background

additional cold PE shield

new Kapton cabling

better radiopure connectors
redesign of NOSV copper shields
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u-induced n’s

<2103
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2. Improvement of y discrimination ﬂ(".

EDELWEISS-II
ID 400g with 10x 160g fiducial mass
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3. Surface rejection measurements —improved
- Suriace rej P AT
discrimination

Karlsruhe Institute of Technology
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3./4. Improvement on resolutions and thresholds ﬂ("'

Karlsruhe Institute of Technology

DAC1 DAC2
detector Gate potential
bias control

DAC3 \  DAGC4
relay srvilching: relay switching ¢
T to ADC and
. = FET polarization
or

m resolution improvement
aimed at > 30%

yields sensitivity < 5 keV,
full sensitivity at ~10 keV

m hew cables, electronics and
iIntegrated DAQ system

m improved cryogenics system:

» Remove pulse tubes close to cryostat
to reduce noise due to microphonics

» Replaced by thermal machines outside
the Pb & PE shieldings

» Cold distributed to thermal shields
using cryogenic fluids (cryoline)
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Timeline/Projection EDELWEISS-III ﬂ(“‘

m Sept. 2013 (how)
s EDELWEISS-III ﬁ1o'39§' (N SRR EREY
commissioning runs ]
m upgraded cryogenics
s 15 FID 800g detectors

i ;
Based on original from
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Conclusions & outlook

" EDW-1 »> EDW-II factor 20 improvement

“ EDW-II: 10 ID Ge bolometers mg,, = 400g; m;4 = 160g = 1.6kg;
» 20-200keV: 5 evts, <5.1 bgd (dominated by ambient n’s)
»  5- 20keV: 1-3 evts, <3 bgd (1.7 n"s + 1.2 y's)

“ EDW-III: 40 FID Ge bolometers my, = 800g; m;y = 600g =» 24Ky,
» upgrade of inner cryostat, new internal shield
» upgrade of cabling and electronics
» reduction of bgd (gammas: 2-6; neutrons >10)

" EDW-III 3000kgdsy exposure in 6 months (no bgd expected)

" EDWE-III detector technology ready for 1-ton cryogenic array

19 K. Eitel | TAUP 2013 | September 10, 2013
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