Searching for low-mass WIMPs with
the EDELWEISS-III experiment
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Detection of the dark matter

Universe content
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— Collider detection : production of dark matter with the LHC
- Indirect detection : detection of annihilation product in cosmic rays
— Direct detection : elastic scattering on target nuclei
WIMP Target Nucleus WIMP
from galactic halo in laboratory Elastic collision
v~220 km/s v~0 km/s Or
Er~30 keVr
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State of the art
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The EDELWEISS experiment
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Shielding :

- Clean room

- Active muon veto

- Internal and external PE shield
- Lead shield

- Deradonized air

l Ge-detectors
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Cryogenic installation (18mK)
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FID 800 : Germanium detectors

Surface event rejection with electrodes

Simultaneous measurement :
- Heat (thermal sensors)
- lonization (interdigitized electrodes)

Event identification with Quenching factor (Q
= Eion/Erecoil):

- Electron recoil - Q=1
- Nuclear recoil - Q ~0.3
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Strategy for low mass WIMP search

Threshold = 6 keV _

(EDW i)
S N |
o . | = 5GeV WIMP
Emz __ | |— 7 Gevwivp
5 — | |—— 10 GeV WIMP
= — |
£ 10 = i
= — |
c = !
> = i
w L ,
x i
N |
!
1D"=|—||||||||||'|||||||||||
0 2 4 6 8 10 12

- Goal : Reach lower mass Recoil energy [keV]

- Now : Low threshold analysis (background model + exposure)
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Low threshold analysis

- Use 8 detectors with lowest trigger
threshold (initially, 24 detectors in the

cryostat) : 4 at 2.4keV_ and 4 at
3.6keV

- 582 Kg.days of fiducial exposure
(August 2014-March 2015)

- Blind analysis optimized for exclusion

GDR Terascale, May 2016
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Define WIMP box (ROI) :

-1<E_. <12keV_
B O < Eionization < 8 ke\/ee

- 5 sigma surface veto electrode
- single (not coincidence)
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Background models

Use data driven

L ]

for llustration (FIDB37 subset)
Use region where no signal is expected D S I T B B R T
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Background models

Use data driven

Use region where no signal is expected
depending on the type of background

EDW Il backgrounds :
- Fiducial gamma
- Surface gamma

- Surface beta == 21°Ph surface events

GDR Terascale, May 2016
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Background models

Use data driven

for llustration (FIDB37 subset)
Use region where no signal is expected - L G S T B B I 074
depending on the type of background No fiducial cut :
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Background models

Use data driven

for llustration (FIDB37 subset)

Use region where no signal is expected T T I TN I B TR 7
depending on the type of background | No fiducial cut i
EDW Il backgrounds : i g T i
J 10 |- : MH _ i

- Fiducial gamma I ;SR F

- Surface gamma
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- Surface beta

- Neutron

- Heat only Origin under investigation
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Dominant background at 5 GeV is Heat only and at 20 GeV it's neutrons.
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Low threshold analysis results

WIMP mass
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- Slight excesses of events for all

WIMP mass

- Strongest excess at 7 GeV

WIMP Mass [GeV/r?]
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Strategy for low mass WIMP search

EDW Il (2,5 keV_ )
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- Goal : Reach lower mass EDW Il (6 keV )

— Low threshold analysis (background model + exposure)
—In progress : Sensors optimization

—|In progress : HV (8 V - 100 V)
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R&D : Improved sensors

J. Billard et al., J. Low Temp. Phys. (2016)

w Data NTD-A
= Diata: NTD-B
— = bodel: NTD-A
e Modal. NTD-B

. . : 1 j 2
Cryostat NTD-B Time [s]

Detailled thermal model of heat signals that fits very well observed pulses :
- presence of parasitic heat capacity

- Sensitivity to ballistic phonons

- New sensors should reach 100 eV baseline resolution (to be tested this year)

HEMT (High Electron Mobility Transistor) R&D for ionization signal ongoing in
collaboration with SuperCDMS - Reach 100 eV__ baseline resolution too.
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High voltage R&D

EDELWEISE FIDBO3

Neganov-Luke's effect amplification : 1000
Charge/Phonon sensors soof | | Ba callbration
N7 1A T 356 keV line
Y 1 wl M N
«—>Z prompt phonons E field — — o 4 'L"-i_
A ) :J l -
Charge/Phonon sensors a0} f:
200 :l | -.._U__n ¥ “'1-'-‘-,_-___ - o
- First Dark Matter run with HV detectors Y SRS W
- Working to level up to 100V for a boosting o phonen snere ke

factor of ~35

- First data with Ba calibration : ~60 eV__ " ! >
threshold o ; sov
- Readout both ionization and heat signal still e

possible o i asv
- Problem : discrimination between ionization ﬁ]; | | oov
and heat signal difficult at lower energy el . O

Phononfonization energy ratio (Luke boost)
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Conclusion and Prospects

Goals for 2017 (R&D ongoing , EDW IIl LT analysis
?S;QOSUTE = 350 kg.days) exposure = 582 kg.days)
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Conclusion and Prospects

Goals for 2017 (R&D ongoing , EDW IIl LT analysis
exposure = 350 kg.days) exposure = 582 kg.days)
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The EDELWEISS Collaboration
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