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Content of the lecture g(IT

Karlsruhe Institute of Technology

» DM evidences from astrophysics
» our cosmological model and DM
» DM candidates, the case for a WIMP
» DM In our galaxy
» kinematics and structure of direct
detection of DM
» methods to detect DM directly
» ...using Germanium crystals
» as PPC detectors (CoGeNT)
» as cryogenic bolometers (EDELWEISS)
» ...using liquid noble gas (XENON)
» results & conclusions
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Astronomical evidences for DM QAT

Karlsruhe Institute of Technology

collision of “bullet galaxy cluster anisotropies in the cosmic
cluster”: galaxies, as gravitational lenses microwave bg rad. (CMBR)
gravitational wells -
and excited baryons

sou” 4l
S

- /\ Q/ \ s “y o,
0.1Mpc 3-5 pC 5 o N <500Mpc .~ scale (view back
el ' s 4 \~ towards early
|/ 3% SO o Ao e |\ Universe”)
|\ wr O E /
. M33 rotation curve \ s / %, Z\ 2
. ] : 5 <’°‘a@ \ / &
rotation curves Coma galaxy cluster: =\~ » S E
of galaxies: virial theorem EKkin = -O.5I§pot galaxy surveys:

DM halo needed brings F Zwicky to “Dark Matter”  filaments and voids
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Dark Matter — particle candidates

15§ L\

particle data group PDG2010
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WIMP neutralino y:
lightest (neutral) SUSY particle
c~1 102 Gelectroweak

light WIMP produced
non-thermally (to solve
CP violation via Peccei-Quinn)

SUSY partner of axion,
produced via decays of sparticles

AT

Karlsruhe Institute of Technology

— CDM

R

neutrino:

known neutral, non-baryonic

HDM

massive particle, weakly-interacting

.. MNMany more...

KCETA
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Dark Matter — particle candidates

15§

Qf\
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0.0

particle data group PDG2010

0.0

11.07.2011

Klaus Eitel

WIMP neutralino y:
lightest (neutral) SUSY particle
c~1 102 Gelectroweak

axion:

light WIMP produced
non-thermally (to solve

CP violation via Peccei-Quinn)

SUSY partner of axion,

produced via decays of sparticles

known neutral, non-

.. MNany more...

AT

Karlsruhe Institute of Technology

— CDM

R

article, weakly-interacting
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WIMP DM as the SUSY LSP AT

Karlsruhe Institute of Technology

oo . “Firne tl (tTT_i)... " _____freeze-out of a weakly interacting
: massive particle (WIMP y)

0.001 &
0.0001 &

10-%
' increasing <c,v>
.E lu,—')
c
o 10-® .
A ..t thermodynamic “__.__-__W ________ +— Theeze-ou™ /20 m(WIMP)
® . €quilibrium: 3
B o b annihilation d/ T Cold Dark Matter:
Z onl ¥ T L I : > non-relativistic
2 10 ‘L E > no “free streaming”
o - 3
E 104 |y f — 4
S ;z_l_ and pair production !

- N, “survival of the weakest”

Q _ ~

10 Q.h?=mmn /p.~(3x107*" cm’>s 1/ ov))

10~

10-= 1 T S B A | [ PR I L1 |_|_1|.5

1 10 100 1000
X:mX/T Jungman, Kamionkowski, Griest (1995)
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DM distribution in galaxies: AT

Kepler's law:
rotation velocity v, of a star of mass m
150 |- _| around a central inner mass M, :

M, = j o(r)dv

Radius (kpc) (galactic bulge: p(r)=py=const. r<5kpc
outside: p(r)~0 > M,=const. 2 v, ~r?)

rot

Vot ~ const. 2 p(r)~r~ outside bulge
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300 T

260

Voio(km/s)

DM in our galaxy the

Karlsruhe Institute of Technology

Milky Way halo T

Kepler's law:

sun

200 - €40

rotation velocity v, of a star of mass m
around a central inner mass M, :

150

50

I Klypin, Zhao, Sommerville
Astrophysical Journal, 573:597-613, 2002
1 I 1 1 1 1 1 1 1 1 I

ol Mg = 10-20 My, oo

______________ M :Jp(r)dV

O 1 1 1 {
5 10 15

0
R(kpe)

p(DM, 8kpc) = 0.3GeV/cm?
V<v2> ~ 270km/s

with Maxw-Boltzm distrib.
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(galactic bulge: p(r)=p,=const. r<5kpc
outside: p(r)~0 > M,=const. 2 v, ~r?)

~ const. = p(r)~r? outside bulge

KCETA

Viot



Dark Matter halo model QAT

ttttttttttttttttttt f Technology

N-body z=11.9

simulations: 800 x 600 physical kpc
evolution

of a DM halo

B. Moore et al.
ETH Zurich

Diemand, Kuhlen, Madau 2006

Klaus Eitel




Production of SUSY particles at LHC AT

Karlsruhe Institute of Technology

LSP escapes
> missing E;

(%)
TN

DM signature:

production of squarks with
subsequent decay chain
leading to a neutralino escape
—> missing “transverse energy” \

IJ

Typical SUSY cascade at
proton-proton collider

1000 =
%00 E'T1 LSP tanB = 10, AO = 0, l.l. > 0 CMS
= with systematics
= - \]
800 — m, = 120 Ge
700 — 4—////
: = jet+MET
- 600— p+jet+MET]
> —
Q C + SS2u
© 500 — 0s2l
o =
- 21
£ 400 Higgs
zl]
300 - top
LW
“ K *‘L—Nﬂ' 1Y 13
: AT Ry 3 200 & 8
CMS at LHC 100 I, T80
tron NO EWSB
0 Iu b L l | | l L1 1 | 11 1 | 11 1 | | I | 1 1 | 1| 1 | 1| 1 |
0 200 400 600 800 1000 1200 1400 1600 1800 200

m, (GeV)
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“indirect” DM search (yy annihilation)

Y =2 ff needs astrophysical overdensities:

1. galactic center > excess of cosmic rays (y's & antimatter)
2. the sun — energetic "solar” neutrinos (v, v, V)

3. the earth = “upward-going” muons from (v, v )

e.g. SuperkK, IceCube .

EGRET,
Fermi-LAT, & =~
PAMELA,

ATIC,
AMS-02

Klaus Eitel

AT

Karlsruhe Institute of Technology

- ..
Lk
=7
(- -
A S
= x “—

Detector

AMANDA-IT
i
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direct (WIMP) DM search T

* nuclear recolls:

elastic scattering on a nucleus -mass ~10 GeV to ~ 1000 GeV
A X - relative speed 0(300 km/s)

(~ our orbital velocity around galactic center)

4Mnucleus MWIMP 2
Erecoi =F Orecoz'
l By (Mnucleus 0y ]\4WIMP)2 o8 :
7ZGe
3 F T = only a few keV of recoll energy
_-E_’ E O,p = 7x10° pb ]
= : - i
2 0 — M-soCev - cross section o, <1042cm?
g f ' - local WIMP-density  p, =0.3 GeV/em?
10'2: = :
—> Very very rare scattering events
_3: o M, =10 GeV (< 1/year/kg)
1CI_—EIIIIIHIIIIII—_
D_ EICI 4ICI EID Ell[iI 100
Recoil Energy (keV)
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direct (WIMP) DM search T
X X

Karlsruhe Institute of Technology

spin-independent interaction (SI):
coherent scattering of y off nucleus with A nucleon
wave functions

Gy n = Ha Z+(A- Z) o, AZ“Aon
/g My

.

p

x-A reduced effective y-p(n) E

X X mass coupling ®

v §

:' (1T

€.g. B

q q _m100kgdf§ Y
10° Tph A
form factor from = [ ©-10'PP ; Y

PR T [ ST N T N T N I B
0 20 40 60 80 100

nuclear calculation Energy (keV)
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)é X €.g. x-p reduced spin structure effective y-p(n)
) o X X mass function coupling
\ N\ N\
\u )
w2 43 +1 a
Z Ow-a =V 32 5 <Sp>+<sn>_n Ow-p
wy, 3 J a,
Z
° 10 /’| B TS T T
i ) Pl _~S§IMPLE _|
q 9 | total nuclear spin LiF /.,-"/
. . . s [ -
spin-dependent interaction (SD): f——<2" |
different amplitudes a(p), a(n) < T

14

direct (WIMP) DM search

c 0

depending on nucleon carrying
nuclear spin J

83Ge: J=9/2 (Z=32,A-Z=41)~>a(n)

I~/
Tk

-
.
Pr
4
e
II\\|IIII

2TAl: J=5/2 (Z=13,A-Z=14)>a(p)

Li:  J=3/2

1271, J=5/2 -10
BF:.  J=1/2

11.07.2011 Klaus Eitel

10

20

mX:SOGeV/c2
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direct (WIMP) DM search \“(lT

eeeeeeeeeeeeeeeeeeeeeeeeeee

features of elastic WIMP-scattering:

Slor SD ?? V, = 250 km/s v
Sl enhanced by A% due to coherence June @ 38"";(‘;1/8

- use different targets

VSUI‘I
. z
235 km/s
seasonal modulation o
60 December
- long term measurements

.—> V, = 220 km/s

rare events, low energy deposit ~ 1-100keV T p—
exponentially falling spectrum || & A

—> suppress radioactive & cosmic bg

ot - 20 keV Ge recoils| ™
directional signature

_ in crystalline Ge:
—> track reconstruction range ~20 nm/
15 11.07.2011 Klaus Eitel
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direct DM search - locations AT

Boulby: LNGS:

ZEPLINIII, Drift XENON
CRESST Kamioka:

Soudan: WARP
XMASS
CDMS-II DAMA/Libra

Canfranc:

ANAIS | G . Kamioka:
Rosebud SN CDUL: 2700 mwe
ArDM . =7 ~7500 m.w.e.

2000 m.w.e
SNOlab:

6000 m.w.e. b | s _
DUSEL L LSM: 4800 m.w.e.

E900 mwe r* LNGS: 3500 m.w.e.
¢ ANDES: ~4500 m.w.e. Boulby: 2800 m.w.e.
- - Canfranc: 2450 m.w.e.
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direct DM search — detection schemes  NIIT

...via elastic scattering off nuclei Karlsruhe Institute of Technology
Ge, CF,l, C,Fyq
N ‘ 10% energy . Ge, Si
lonization

100% energy

slowest

cryogenics

Light — —\ _
fastest
Nal, quu_xe no surface effects

11.07.2011 Klaus Eitel KCETA



direct DM search — detection schemes  NIIT

W| M F) ...via elastic scattering off nuclei ~ Karlruhelnst itute of Technology
Ge, CF,l, C,F _
coselt ~3\ : ‘10 ce o | Edelweiss,
COUPP 10% energy d
Picasso lonization _— CDMS

WATrP, ArDM
liquid Xe /Ar Target Heat — | ALO,, LiF
100% energy
Zeplin-3 , LUX, cryogenics
XENON-10/100 |
Light —
| 1% energy Cawo,, BGO
fastest
i no surface effects
Nal, liqu.Xe e CRESST-2

DAMA, Libra,
XMASS, KIMS, ANAIS
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direct DM search with ultralow noise QAT

ionization detectors — CoGeNT
E 1;"'I"'I"'I"'I"'5

g K Ge target

g K

8 .0 —— M, =50GeV

g ————— M, =100 GeV 3

19

| | 11 1 11 1 I 1 1 11 =
] 20 40 G0 B0 100

Recoil Energy (keV)

to investigate low my

- low threshold

- small target mass
(4759)

(330 m.w.e., part of

Chicago’s Tunnel

And Reservoir Plan)

11.07.2011 Klaus Eitel

p-type point contact (PPC)
Germanium detector (HPGe)

KCETA



direct DM search with ultralow noise
lonization detectors — CoGeNT

AT

Karlsruhe Institute of Technology

() alow-bg Nal[TI] anti-Compton veto,
(i) 5 cm of low-background lead,

(i) 15 cm of standard lead,

(iv) 0.5 cm of borated neutron absorber,
(v) a>99:9% efficient muon veto,

(vi) 30 cm of polyethylene,

(vii) a low-effic. large-area external u veto

].2 - ! ! ] T T T T T -1 T k.
3 typical 1 kg
J : electmn{: coaxial HPGe
S 6 F noise (TWIN detectors)
< 3 E_threshold
T ¥
a0 0 [ == I .t p _
- vetloe N
~4 200 [ A unvetoed 0.5 kg PPC HPGe -
% o il| Ga K-shell BE ]
A4 150 F| b 508 kev o n 115 xety || -G EO ]
~ L v 10.36 keV ]
w0 L] ; 7Zn K-shell BE
= 100 [ ™ GaL-shel BE \i ,/ DISTETEC) ]
- : f ! 9.66 keV 1
g o~ H Ge K-shell BE
© 50} i, i (PAs EC) ]
[ WM » 5’ ; 7 11.10 keV
0 - l ] l ] - ] R R H gy
O 10 15 2(
en keVee)
my=8GeV, o5=10"pb
my=6GeV, c5=2x103pb
my=4GeV, o©5=102pb
20 11.07.2011 Klaus Eitel

ounts / keV kg day

exposure: 8.4kg.d

200 T
Rl . 68,71
50 || cosmogenic Ge
100'1._ Vv (1.298 keV)
“%.
sol S ldof = 31.9/25
Z > .
0,9}"0 "1 15 2 25 3 35 4
" energy (keVee)

PRL 101, 251301 (2008)

KCETA



direct DM search — CoGeNT(2010)
-> light WIMP signal?

440g PPC @Soudan (2100mwe)

AT

Karlsruhe Institute of Technology

my= 7(10)GeV e

O4pb

with rise time discrimination A A 100 == /| T 12
, . | >) _\ L) IIIIIIIIIIIIIIIIIII\IIIIIII —_
10} e N ke : ;z _____ i %
.)“Am-gammas on n+ contact A gj} I 2 20 E 108 5’ g @
( ‘ @© j? L 2 = ] 8: o L
S 80} o 15F 2 < ] oIS 5 -
o) S ¢ 062 | |
Yo S L £ 1 B >
o = 10F 2 Joab || 2
. an [ & F 2 1045 (]
2 -~ S-S o 1 ® e
B 1 Q 2]
- % 60l 5k 4’ 10 2% = i
3 Heiis e i ~ ]
= electronic pulser =) E 43 O: ‘ ] " S
=01 . . | e, 1B 0 05 15 2 25 3 o
Q ' : ' © = 1oniz. energy (keVee) s
NN ; Q a = _
£ 10Ls ”‘W'W‘ JWWMW 4 T = [I'lf
= E o ﬂW"Mﬂf N o A E o 40 & - o
R ) /SR T |2 5
" <552 O‘.ZZUS) ('c 1. 53“‘5) - | J
] + ts
TEwg s RS e . o -%:m- 3 <
o 4 ‘ S 1 £ |
RN S ot ey o M 4 e o ‘
0.1 L .&.SGOI ([').+Gr’.zn .(L)I ) [ T e T () ¢;52‘n(l\;) TEG? (K.) | - 0 - PR T S M PR T AN R T WA (N SR TR S N SN
0 2 4 6 8 10 12 0 2 4 6 8 10
lionization energy (keVee) ionlzatlon energy (keVee)
C. Aalseth etal., PRL106:131301,2011 18.4kg.d exposure
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direct DM search — CoGeNT(2011) AT
- light WIMP signal + annual modulatib"r'\’f”““"””

440g PPC @Soudan (2100mwe) oF eredey 1
Dec 2009 — March 2011 my=7GeV, 55=10"pb |, ) :
C. Aalseth etal., arXiv:1106.0650v1 S I g o S
a,,=16.6+3.8% | T
160 ank
) 4 ©=347+29 days | |
EHU = Oct.16 £ 12d |*———
e ;
T‘ﬂ‘r 120 D_E§
,f_ﬁ 100 %L @
S ! ] % g
7 “l o1& :
2 60} _ g '?;j
= ] e 8
£ Tt ™ exposure - T
e 145 kg d m+ _T_+ +T + 3.0-4.5 keV, ;
ol J 20— ——————
g R . . J.2 SURFACE EVENTS
FIII—'I,E;‘} {ka ) 1EO+ + + ]
background dulati 140 <|> +| . + -l-l ]
_ NO modulation _T_Tf _T_+ +
+ flat bg ~27cntS/kg/d/keV E>3keV, surface 1””.‘. b . 0530keV, E
] 100 200 ?ﬂﬂ 4'["} 500
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guenched ionisation signal AT

Karlsruhe Institute of Technology

for recoiling Ge nuclel A. Benoit et al.
NIMA 577 (2007) 558

T T T TTTT T T T T ' TTTT | T T T TTTT |
0.8 r A Chasman 65
07 F ¥ Chasman 67
Lindhard 4 Chasman 68
06 ¥ Jones 71-75
WIMPs and Neutrons D-E B " MESEOUS 95
Lk O Baudis 98
2 g4 L O Simon 03
£
14 ]
Photons and Electrons =
scatt_er from the 5}
Atomic Electrons o ﬂ 3 - + n
c
° .
I
N
8 02t L~ *
lonisation signal —
relative to equivalent Ge
electronic signal
ﬂ.‘l 1 1 1 111 I| 1 1 1 1 1111 | 1 1 1 1 1111 |
2
q_Enr/Eee 1 10 10

ERccoiI {kEV}
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EDELWEISS — using cryo-crystals AT

measuring principle:
v scattering with energy deposit E; leads to AT which can be read out
via thermometer - detector with small V-C,, needed

Thermometer P heat

Electrodes (charge
collection )

' Thermometer

)¢
parameters for Ge bolometer: lonization
E = 3V/cm
Top = 20mK

m = 300g (d=20mm; r=35mm)
VC, ~ 1nJ/K @ Top
G ~ 5nWI/K thermal link to heat bath

24 11.07.2011 Klaus Eitel KCETA




lonisation&heat: pulses & signals QAT

, lonization Al electrodes ~ 100 nm B
Ge-NTD detector in EDELWEISS: (center channel)

E ~ 10 keV,,

AT — : — lonization
heat: AT=1.3pK; AU=1pV (quard channel)
ti.e~10ps-10ms; t,,,~100ms

jonisation: AU=0.5mV

amorphous Ge
or Si ~ 60 nm

Heat
o _ _ channel
__after amplification&signal shaping:

T A B A R L B R R B
Ezo [ — signal " lonization signal N
® -- lonization fit 1
g |
S |
E o
Q.
< 2 25 3 35 4 45

Time (ms)
S20 7T T T T T T T T T T T T T T T T T T T
E | - Heat fit Heat signal ]
100 |- E
) X ) 1
T F
2 0F
'E- .
£ -100 |- - .
< I N TN N AN SN TN S T T SR S S S N PR " 1
200 300 400 500 600 700
Time (ms)
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EDELWEISS — discrimination power AN{]]

Karlsruhe Institute of Technology

PRD 71, 122002 (2005) calibration of a 320g Ge bolometer with 252Cf
1.5 . .

3Ge(n,n’y) 68.8 keV

13.3 keV &N
o Nty )
\%\\
. . . . m | +*n
n/y discrimination 3 Al N
> 99.9% g LT e ‘. £=99.9%
for E, >15 keV s | T
N B -
c Lol
S et
Recoil threshold 7 huclear}ecoilband
20 keV £=90%
lonization threshol : ——
onization thresho d/ro = 100 150 200
3.7 keV Recoil Energy (keV)
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EDELWEISS-2 — detector technology ~ NT

Karlsruhe Institute of Technology

Interleaved electrodes (width: 200pum; gap 2mm)

‘a’ electrodes: U=+4V ‘b’ electrodes: U=-2V

il

= e
< ; ,
= 0.8 ‘a&b’ near-
N 06} surface event
0.4+
— CleCtron
‘a&c’ trajectories
bulk event
02k ‘a,b&c’ event in hole

low-field area

trajectories
-0.4

/
5

ard ‘h’: U=-2V

/

-0.6

-0.8

_1 i UL R L LLRRREE UL ol INRREREE: R INRENEE NERERNLE SRR ENE]
1 1

o 7 o= 7 1/ AN 2\ 25 3 35
‘c’ electrodes:U=-4V ‘d’ electrodes: U=+2V |Radius (cm)

PLB681(2009)305
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Edelweiss @ Laboratoire Souterrain de Modane ﬂ("‘

Karlsruhe Institute of Technology

Pointe du Fréjus

France

Klaus Eitel KCETA



Edelweiss experimental setup g(rr

Karlsruhe Institute of Technology

Polyethelene

shield Pb shield

cryostat

) 1 B\
"".:‘_“:‘:;‘1_3_' ' \

A e
o

T

A=100m2 in

1t Gd-loaded 42 modules
Liquid scintillator

for p-n coincidences
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WIMP search with ID detectors : «run 12» T

Karlsruhe Institute of Technology

Data collected from April 15t 2009 to May 20t 2010

o 418 d tOtal T - T2 T3 T4 T Ts
» 355 ddata (85% of 418) e FID4O1 5 FID402 ID6 IAS A203
0’0 0
4 1D403 D3 D404
# 325d WIMP search (78% of 418)
+ All detectors working * - L D4
< 90% electronics channels ok d BN BN OB
< 9/10 bolometers for physics 17 T8 To T10 T i
e R D402 NbSi408 IAS BGO 1AS LiF

< 10.1 d gamma calib
< 6.4 d neutron calib

Ge73 v2

31 Klaus Eitel



WIMP search with ID detectors : «run 12» IT

Data collected from April 15t 2009 to May 20t 2010

18.6
18.4

18.2

18.0

T_Bolo (mK)

17.8

17.6

17.4

32 Klaus Eitel

Karlsruhe Institute of Technology

S ‘ ~ temperature stability during DAQ 3
F B +0.05mK 3
- | o -
100 200 300 400
Day since 01/03/2009
y calibrations with 133Ba -
J 100 200 300 400 500
Day since 01/03/2009
KCETA



EDELWEISS WIMP search : QAT

final result (2008+2009+2010)
o 1.4 B %% .. . ° ° O o ° . oo .
E B r 26 . . e o * o . . -, LY . . oo
= F e St P - A A total exposure
120 IO ST, 1§ 2% of 427kg.d
2 [ | >384kg.d
N OE in 90% NR band
C - . . . o
_ . PN SR SO - WIMP Rol
[ 08 |- 2 . 1 _-r g e ( 0) )
00 :_ : N <3 evts bg expected
04 - ’ — 5 events observed
T 1 (4 with E<22.5keV;
I S 1 with E=172keV)
—I L1 :‘.I.l.l 1 : 1 i L1 1 : L1 1 I | —— 5  —— ! —— ST g I I I
00202060 80100 120 140 6o 180 300 O |ndlca_t|on for
arXiv1103.4070 Recoil energy [kev] & WIMP signal

(almost) same technique used by the CDMS experiment (Soudan mine)
- combination of Ge ionisation&heat experiments: Phys. Rev. D 84, 011102(R) (2011)
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direct DM search — using liquid Xe T

En lonization —Xet + e

+)(e{ !

drifted in electric field

' Excitation Xez*
L_J +e l

recombination
¥ T=15ns

Xe" < Xe"+Xe

viewed by PMT’s

Xes' wavelen

Ne, 128 nm Ar, 175 nm Xe)
hv /\ hv

triplet 2Xe 2Xe singlet

=> discrimination of signal (WIMPs=>NR)
ime constants depend Dn®? - and (most of the) background (gammas=>ER)!
ns Xe

pulse shape analysis

itation/lonization depends on dE/dx!

few ns/15.4us Ne, 10ns/1.5us Ar,

35 11.07.201T Ktaurs-Eitet= KCETA




direct DM search — using liquid Xe

typical low energy event:
4keV,, = S1: 8 p.e. = sc. light yield 2p.e./keV

awtoF—
= S2
3000 [—
o0
i S1
1M_—
A . L.
I- 2000 4000 Bo00 10000 12000 14000 6000
PMT array
[xev04_z0060526T1131_U3037H2E |
mf: Drift t [us] 65.0 I tothl [pa]: & S2 fetal [pe]: 3025 S2/S1: 338 :::é:
wE- 8 p.e. . 3k p.e.
ME - . gy E] 1 T

S1 S2
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discrimination power — using liquid Xe AT

Karlsruhe Institute of Technology

e /v: electronic recoil

Klaus Eitel




direct DM search — Xenon100 @ LNGS QAT

Karlsruhe Institute of Technology
installed in 2008
& i R S

commissioning&calibration 2009

data taking since 2010 | w
\
r’l ( & - /::‘i@
: -~ 2T A
below 1400.m.of Rock (3100 w.n.e) 7. /{/
3 ke X T ey - e P 4 {'

-

e —— T Hp—
R'se

TN

= 161 kg LXe TPC (mass: 10 x Xel0)

= 62 kg in target vol.

= 242 PMTs

= active LXe veto (=4 cm)

= improved Xel0 shield (Pb, Poly, Cu, H,O, N, purge)

KCETA
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XENONZ100 results

arXiv:1104.2549v1

100.9 live days

3 remaining events
1.8 + 0.6 bg expected
1471 kg.d exposure

logm(SZISl)—ER mean

no indication for
a WIMP signal

WIMP search region:

8.4 — 44.6 keVnr (4 - 30 PE)
lower bound from the S2;

median of the software threshold
S2 > 300PE (4 - 13 PE).

39

0.4

0.2

Z [cm]

S1[PE]

10 15 20 25 30 35

B ]
: "-. L1 : ' . " '.. . . o:. . .n' . . - :- . ' L
L -.\.L T Sl o o ! s CRCEE I %
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