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Direct Dark Matter detection with EDELWEISS ﬂ(“.

Electron Recoil
(gammas)

ﬁ DAMA/LIBRA

Muclear Recoil
\ (neutrons, WIMPs)

=10 keV
< 1 evt/kglyr

Ve = 270 Kmis

WIMP

background discrimination:

@ 2 NTD phonon sensors:
— calorimetric measurement of total energy
@ T=18mK — AT=0.1 pK/keV

W 4 groups of interleaved Al ring electrodes:
— — ionization measurement

22/09/2015 The EDELWEISS-III Search for Low Mass WIMPs HAP Dark Matter 2015



Location of the EDELWEISS experiment QAT

Karlsruhe Institute of Technology
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The EDELWEISS collaboration ﬂ(IT
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The EDELWEISS Shielding Concept ﬂ(“.

clean room (Rn)
with derodanized air supply
(from 10 Bg/m*®* — = 30 mBg/m3)

)
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open cryostat and bolometer plates

";’ .
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Nuclear recoil discrimination _\ﬂ(IT

Karlsruhe Institute of Technology

=]
© _ . ; o . _
>1.4{1 13383 calibration: y's [ lonizationyield Q=E, /E__,
2124 [N TR .
s = e Electron Recoils:
______ 160 (by normalization)
99.99% y-band
' 4 . )
90% NR-band 40 Nuclear Recoils: 3
-' 8T a=13 2
0.4[¢ = Q
3 “ . ) Lo
; 20 (“quenching’) B
0.2f 1 . — e
¥ 0sl Lindhard parametrization.--|
i\ - ERE A
0|r\\|h“'|h"|'T-1—++-l—Hl‘|l||;|||||||||(|||||||||||1||||r||| 0 06,_ Ge T ©
0 50 100 150 200 250 300 350 400 450 500 = Chasman 1965
Recoil Energy (keV) +  Sattler 1966 77K
o« 0.4r = Chasman, 1968
= L Shuit 1080 28 mik
B recoil type determination via ionization yield w® = 5  Bouce 1908
2ZF Bt TTI *  Simon 2003
B not possible if charge collection incomplete I T | . Comezon
y «  TEXONO 2010
— need to reject surface events efficiently - - - !
10° 10’ 10 10’ 10°
\_ Recoil Energy [keV] )
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http://arxiv.org/abs/1505.06340

Surface event rejection with the full inter- ﬂ(“'
digitized (FID) electrode readout design

bulk event: surface event:
charge collection on charge collection on
collecting electrodes veto electrodes
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Surface event rejection with the full inter- ﬂ(“'
digitized (FID) electrode readout design

1 . .
1 From calibration measurement
with implanted 2'°Pb source:

1
A0
ASH00L

©
3
3
3
|

2mm

charge collection on charge collection on
collecting electrodes veto electrodes

bulk event: ] surface event:
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Data for WIMP search

8 months of physics data 2014/2015
with 24 x FID800 detectors

Low mass WIMP search:
@ blinded ROI

8 detectors with good baselines
and low trigger thresholds

a

® homogeneous data set

@ analysis threshold in heat:
4x FID800 @ 1.0 keVee
4x FID800 @ 1.5 keVee*

*1 keVee = 2.4 keVnr

582 kg.days (fiducial)

(EDELWEISS-II: 113 kg.days)

sensitivity for WIMPs in [4, 30] GeV
.

( )

J
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EDELWEISS Run308 - Exposure before dead-time correction
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Data for WIMP search

8 months of physics data 2014/2015
with 24 x FID800 detectors

1.0
Tg 0.8+
Low mass WIMP search: o
— 0.6
@ blinded ROI ,%_
B 8 detectors with good baselines  © **|
and low trigger thresholds 0.2
@ homogeneous data set o
B analysis threshold in heat: ”
4x FID800 @ 1.0 keVee
4x FID800 @ 1.5 keVee®
“1 keVee = 2.4 keVir
( ) g
582 kg.days (fiducial) sl
(EDELWEISS-II: 113 kg.days)
sensitivity for WIMPs in [4, 30] GeV
. J
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average values

0.%‘ :

. :
= 8- g .= ’
: M : —% : :
5 s . dsonena ® 5 : i
° | | FWHM ionization
; FWHM heat = |
FID824 FID825 FID827 FID838 FID837 FID839 FID841 FID842
r : : XIS 1.0f :
FID825 d + FID839
" 08¢}
0.6
L 0.4}
0.2
— Model
i |## Measurement
0 05 10 15 7.0 B 1.0 15 7.0
Heat energy (keVee) Heat energy (keVee)

HAP Dark Matter 2015




12

fiducial ionization (keVee)
S

All data - backgrounds

—_
[ 4)

FID825

on fiducial cut

n

10 15
heat energy (keVee)
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All data - backgrounds -\X‘(IT

—~ 15 =" lonization yield Q:
(1)) FID825 : . . g o R
LT w/o fiducial cut 1. “&;
R o bulk gammas Q=1.0
= L
§=
= 10
NoL
j
o B
_(__U —
O L
=5
_‘g 5 ...............
heat only Q=0.0

10 15
heat energy (keVee)

Description of detector backgrounds from WIMP search data:
B energy spectra and quenching modelled from regions without signal (sidebands)

B calibration data is used for cross checks
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All data - before BDT analysis

—_
[ 4)

fiducial ionization (keVee)
S

WIMP box:
. « |loose fiducial cut:
: | * fiducial ionization:
- a.a?'" q——my =10 GeV WIMP signal i ° heatenergy:
o aen & . P -

4. LA A o : .f;’_‘aﬂ.’:-..ﬂ..l.t;

10 15
heat energy (keVee)
Boosted Decision Tree (BDT):

W sig/bkg discrimination with 6 variables:
4 ionization + 1 (combined) heat + 1 heat-only rate

@ individual detector effects: DAQ trigger, noise
@ BDT training with high statistics
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Slgveto < 50-baseline

[0, 8] keVee
[1(1.5),15] keVee

HAP Dark Matter 2015



Heat-only events QAT

4 Karlsruhe Institute of Technology

—y
(8,1

| FID825 ] L
- wlo fiducial cut

a Tt

our dominant detector background:

10° W@ origin still under investigation
(probably mechanical)

102 B Gaussian ionization spectrum as
expected from noise

fiducial ionization (keVee)
o

10
is used to model these events
1
5
heat (keVee)
Q 105 E T ﬂJ1U4 E
o E i 2 E . . .
E ) =g heat: E = ionization:
- 10 ? % 510°
— = H o =
% 103.25 -. E - '.-.-d"-
% E 1,\ §1[]2 = ..-_-.
102 | & F o
E N — ‘-‘
E %\. 10L ) .'.-
10g #:-“:1 A : b
1 i— .-.-'- -1- :-u:t: - :i ] 1 §_. I il 0(f|t) =0.192 keVee
= 0 o(baseline) =0.195 keVee
— _ é 1 1 1 I 1 1 1 1 I 1 l 1 1 — [ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
107 5 10 15 1013 08 06 04 0.2
heat energy (keVee) fiducial ionization (keVee)
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KIT

B u I k g a m m as Karlsruhe Institute of Technology
345_ FID827 | | 10°
< [ w/fiducial cut
g 10__ B i . K-She” peaks and ﬂat Compton SpeCtrum
ERNER T L O m flat component extrapolated down to 0 keV
§ ' | | @ L-shell peak intensity derived

|t from K-shell peaks and L/K-ratio ~ 0.11*

*J. Bahcall, Phys. Rev. 132, 362 (1963)

G 5
heat energy (keVee)
2 :
% 0 i O, .ine. — 0-21 keVee
o — ::
s £ X
€ & L-shell K-shell
s
10 — }
HE & L __ 1 ] *» llll} * 58| \ L] L ] LR ]
1 _—I | | tnl In - | |I| lm nl ) | | | | | | - ulm nlnn “| : | “|
0 2 4 6 8 10 12 14

fiducial ionization (keVee)
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ionization energy (keVee)

Surface event populations
40:' 'F'l'DL'Z;'u'Xl) 'Si'd'e' [P @ individual models for detector sides top and bottom
[ &1 W use clear surface events with Signal > 50, ___.

I gammas 0%
. betas Bg ook
sl lead o5oc] Qammas: o |
- o0 1 fitof flat compton & cosmogenic lines in [3,15] keVee
- o &, 1 lineintensity fixed from fiducial gammas and mass
251 Fg o - fraction
L % '% L0 R
i o ° i
201~ -1 ¥ Betas:
_1 fit of spline function in [4,25] keVee
15~ 4% # extrapolation down to 0 keVee
L o
10~ ' Lead:
i fit of Gaussian peak & flat component in [10,35*] keVee
5 extrapolation down to 0 keVee
ol *205Pp recoil of 103 keV = 33 keVee
0 5 10 15 20 25 30 35 40

heat energy (keVee)
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FID825
my = 5 GeV

BDT analysis and output

10°F

— All bckgds
—1 wWIMP

[ HeatOnly
1 GammaFid
[] Beta

[ GammaNoFid
[ Lead
¢ ¢ Data

PRELIMINARY |

BDT output

8 10

' FID825
my = 20 GeV

. [ Lead

| [PRELIMINARY |

— All bckgds
1 WIMP

[ HeatOnly
[ GammafFid
[ Beta

1 GammaNoFid

Neutrons
¢ ¢ Data

0 2 4 6 8
BDT output

10 12

The EDELWEISS-III Search for Low Mass WIMPs

For each detector:

KIT

Karlsruhe Institute of Technology

® one BDT distribution for each WIMP mass

[41 51 61 71 101 15, 20, 30] Gev

@ backgrounds normalized to expected # of evts
@ BDT cut optimized before unblinding

HAP Dark Matter 2015
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BDT anaIyS|s and output

10°F

10%}

10t}

10°

107

107

FID825
my = 5 GeV

—_— AII bckgds
—1 wWIMP

[ HeatOnly

1 GammaFid
[ Beta

[ GammaNoFid
[ Lead

¢ ¢ Data

PRELIMINARY |

L L 1 L | i i
2 4 6 8 10
BDT output

102

10t}

10°}

FID825 — All bckgds
my, = 20 Gevi o wwe
[ HeatOnly
[ GammafFid
[ Beta
1 GammaNoFid

[ Lead
— 1 Neutrons
¢ ¢ Data

101 F LL
‘\j-
107 ' - -
0 2 4 10 12
BDT output
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For each detector: Karlsruhe Institute of Technology

@ one BDT distribution for each WIMP mass
[4, 5, 6, 7, 10, 15, 20, 30] GeV

@ backgrounds normalized to expected # of evts
@ BDT cut optimized before unblinding

For all 8 detectors in BDT selected cut window:
N_bkgd N_bkgd p-value

mx expected observed  (stat only)
5 GeV 6.14 9 0.17
20 GeV 1.35 4 0.10

Dominant backgrounds:

@ low WIMP mass:
heat-only events & (cosmogenic) gammas

@ high WIMP mass:
radiogenic neutrons
(preliminary systematic ~45%)

HAP Dark Matter 2015
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Observed candidate events after BDT cut

Fiducial ionisation (keVee)

3.0

m N_bkgd N_bkgd p-value
X expected observed (stat only)
5 GeV 6.14 9 0.17
1.35 4 0.10

5 GeV: only 4 detectors @ 1 keVee threshold

.' .« o
<=+ Non fiducial o ® eyt o°
. . » - o o
55|/ *®e Fiducial S *.
St . . o
@®@ BDT output > Cut “ e, e .
®e tee %
20l 9 evts . .
15¢
1.0t
0.5}
0.0+
-0.5 .
1.0 1.5 2.0 2.5 3.0
Heat energy (keVee)
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Fiducial ionisation (keVee)

Fiducial ionisation (keVee)

KIT
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_ 2 evts

[u. BDT output > Cut]

Ll oy ]
o, :o" s

Heat energy (keVee)

«+s+ Non fiducial

|| »®e Fiducial

@®@ BDT output > Cut

2 evts

Heat energy (keVee)
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Low mass WIMP limits and outlook _\ﬂ(IT

@ Poisson limits wlo background 0 =
subtraction ‘

W preliminary 90% C.L. exclusion
limit for spin-independent
WIMP-nucleon scattering:
46x10%cm2@ 5 GeV
6.2 x 10* cm? @ 30 GeV

- factor 40 improvement @ 7 GeV
& new data down to 4 GeV

M cross checks with 2d profile
likelihood analysis ongoing

TTTT

%

CDMSlite-201%{

%
O

%

WIMP-nucleon cross section [cm?]

and in good agreement 104
B post-unblinding checks ongoing T ! l LU
, , _ 4 5§36 ¥ 8 810 20 30
W “high energy analysis” coming soon WIMP Mass [GeV/c?]

Current run:
B DAQ resumed in June 2015
@ 23 FID800 installed (12 new)

@ 1 FID200 for “High-Voltage” R&D
(Neganov-Luke amplification)
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Low mass WIMP limits and outlook

Poisson limits w/o background
subtraction

|

—_—

for spin-independent
WIMP-nucleon scattering:
46x10%cm2@ 5 GeV
6.2 x10* cmz @ 30 GeV

- factor 40 improvement @ 7 GeV
& new data down to 4 GeV

cross checks with 2d profile
likelihood analysis ongoing
and in good agreement

—_—

— —_— —_— —

WIMP-nucleon cross section [cm?]

-_—

post-unblinding checks ongoing 1

“high energy analysis” coming soon

Current run:
DAQ resumed in June 2015
23 FID8O0O0 installed (12 new)

1 FID200 for “High-Voltage” R&D
(Neganov-Luke amplification)

22 22/09/2015 The EDELWEISS-III Search for Low Mass WIMPs
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BDT: reduction of Heat-Only by x100, 100 eV (RMS) ion & heat, 350 kg-days

0—38 =
= EDELWEISS-lIl preliminary
E- -
o0V 10V
ok _,
o
o+
04 =T
= O s e s s, s s s — '\
56 \
0—46 L1 1 | ] | ] ] ] I\ L1 | 1
" A 2 3 4°-5 & 788510 20
WIMP Mass [GeV/c?]
R&D on HEMT

to lower ionization threshold down to o, = 100 eV

R&D on heat sensors and HV (Luke-Neganov)
goal o, .= 100 eV and reduce recoil threshold

R&D to reduce heat-only events

HAP Dark Matter 2015
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backup slides
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BDT output com

FID824 5.0 GeV WIM
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Data

BDT output

FID824 - 20.0 GeV WIMP

-
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Jooooonr
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GammaFid
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Lead
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Data

BDT output

(1)

104
10°

10?

10t
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102
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F|D825 5.0 GeV WIMP

qooooar)
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All bckgds
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GammaFid
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Lead
Data
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BDT output

|

FID825 20.0 GeV WIMP

10

-y

B I I R I

All bckgds
WIMP
HeatOnly
GammaFid
Beta
GammaNoFid
Lead
Neutrons
Data

BDT output
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BDT output comparison (2)

Fiducial ionisation (keVee)

25

3.0

2.5}

2.0

1.5}

1.0}

05}

0.0}

Fiducial ionisation (keVee)
F-9

22/09/2015

FID824 - 5.0 GeV

Non fiducial

. e,

e* s Fiducial

10 15

2.0 2.5
Heat energy (keVee)

| e*e Fiducial

Non fiducial

. e,

FID824 - 20.0 GeV

Heat energy (keVee)
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Fiducial ionisation (keVee)

3.0

2.5}

2.0

15}

1.0}

05}

0.0}

FID825 - 5.0 GeV

KIT

Karlsruhe Institute of Technology

Non fiducial
e* s Fiducial
@®@ BDT score > Cut

. e,

Fiducial ionisation (keVee)
F-9

10 15 2.0

2.5 3.0
Heat energy (keVee)
FID825 - 20.0 GeV
«*« Non fiducial b
| e ® e Fiducial * < .°""
@®@ BDT score > Cut R =
. 3 4
% ‘. .®
o 1
- ., ?
P i
. . . |
* @ - .
.
- L il

Heat energy (keVee)
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AmBe Neutron calibration and BDT output '-\X‘(IT

FID825 - neutron calib. - 20.0 GeV BDT

3.0 -
5.4
7L
25F 4.8
6
3 20! 1a.2 3 .
E 13.6 B 5t
S 15} 5 B
= 13.0 = 4 %
£ 4 {45
Lo 2.4 = 3l @
S E 'E
S 1.8 =
05} 2
12 2
1L
0.0} 0.6 1
L 1 L L L 1 L 0_
L0 15 =20 25 30 35 &0 45 2 2 6 8 10 12
Heat energy (keVee) Heat energy (keVee)
Low WIMP mass: High WIMP mass:
neutrons are a negligible BDT cut at ~7, dark red events are
background. Events passing the BDT passing the cut.

cut are below 2keVee heat energy
and we would expect radiogenic
neutrons at higher energy
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Neutrons

—h
N

lonization Yield

\E,i.‘;,g’,h, #mmmqm ﬁn”\ﬁ &S
08 [isie I e

i EDELWEISS
Bt Preliminary |
0.4 FRL/ 4

021 ;: ®

e above 10 keV |
FID-FID Coincidences

e + muon tag

1 i L L L 1 1 L L 1 1 I Ll 1 1 I Ll 1 1 I L L 1 I L L 1 1 I L L 1 1 l L L 1 1
0 10 20 30 40 50 60 70 80 9 100
Recoil Energy (keV)
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During the WIMP search, we see 9
multiple nuclear recoil events (excluded
from the search data set) after muon cut,
in 17 detectors in 1300 kg.days

This has been used as normalization
factor in simulation, BDT training and
BDT cut optimization along with the
single-to-multiple ratio

Single-to-multiple ratio from radiogenic
neutron simulations varies between FIDs.
An average has been considered
Systematics : sqrt(9) + large variation is
single-to-multiple ratio

HAP Dark Matter 2015



Heat-only time dependance

FID825

$ § E>3keV

40}

evts/day
w
o

(¥
o
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0 I 1 1 1
50 100 150 200 250
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300
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Beta and Lead models

Events / 0.5 keV

Events / keV

22/09/2015
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100

Events / 0.5 keV

FID825 - Betas on bottom surface
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Neutron and y calibration of FID800 detectors __\ﬂ("'

lonisation Yield

AmBe calibration: n + 60% v's 133B3 calibration: y's
: o
1.4 ",?_31,4 3 10C
S
12 815
' 5 80
4
60
0.8
0.6/ :
: 90% NR-band .
0.4 0.4t :
4 0.2
b i : . :
Ollllll|III.+_T_FW_|'||I!I;'I'"Illlllllllll.llll D 0IIIMT-'I—I"H—IJ"'lllllllllllilllilllllI]IIIIlIIIIlIIII
0O 20 40 60 80 :100 120 140 160 180 200 0 50 100 150 200 250 800 350 400 450 500
. Recoil Energy (keV) . Recoil Energy (keV)
Nuclear Recoils lonization yield Electron Recoils
Q=1/3 Q=E /E Q=1
(“‘quenching’) ion = “recoil (by normalization)
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