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Direct WIMP Detection
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Direct WIMP Search

Elastic Scattering of

WIMPs off target nuclei WiMP
- nuclear recoll v ~ 230 km/s
_ |f}'|2 J;,.r.z'.!_.-*:2 _ )
Recoil Energy: E. = - — (1 —cos®@) ~ O(10 keV)
2m m N
v Px N number of target nuclei
. R x N N g
Event Rate: > m,, (O] p/m_ local WIMP density

<o> velocity-averaged scatt. X-section

= need information on halo and interaction to get rate

M. Schumann (U Zirich) — XENON100 3}



WIMP Interactions
Detector Requirements

\./fc x - quark (Sl, scalar) v - quark (SD, axial) .
- > < Y Result: Tiny Rates

Ls~XxGq o< A’

What do we look for?

 nuclear recaoils, single scatters
* recoil spectrum falls with E
e dependence on A, spin?

e annual flux modulation?

> < R < 0.01 evt/kg/day
q E <100 keV

Lo~ X1 X009 < J(J +1)
Jungmann et al. '96 Phys.Rep.
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CMSSM: Troftta et al.
CMSSM+LHC:
Buchmueller et al.

1 event/kglyr

WIMP-Nucleon Cross Section [cm?]
=)

How to build a WIMP detector? &,,«_

* large total mass, high A

 low energy threshold 10 1 event/ton/yr

e ultra low background -

« good background discrimination 10520 30 4050 100 200 300 1000

WIMP Mass [GeV/c?]
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Backgrounds

Experimental Sensitivity: :

without background: o (mt)’

with background: oc (mt)™? s

'3

Background Sources: Ew

environment: U, Th chains, K w4643 36 2011 ©

= U _)0(234 Th —»BB“”‘ Pa _ém U ;230 Th ;226 Raa—» 22 Rn = 28 Po ... gmé
22 Th ;228 Ra 5228”‘ Ac 5228 Th ;224 Ra ;220 Rn 5216 Po ... N

e y and B Decays (electron recoil) e

careful material selection, discrimination,
shielding (Pb, Cu, Xe, Ar, water)

* Neutrons from (&,n) in rocks
neutron moderators (paraffin, poly, water)

* Neutrons from cosmic ray muons
— go deep underground

(gamma, beta) (neutron, WIMPs)
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I Three Experimental Results
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I Outline

Matter Projpect

I Motivation: Dark Matter v
I Direct Dark Matter Detection v

Xenon as a Detector Medium

XENON100
The Future




Why Xenon? Xe

91 | 9594 [ 9591 | 101.1 | 1029 d J
T4 =R}

Po S
209.0 | 2090 [ 210.0

TL | T2 | T3 TS | TE | 7T Ta

¢|Cs|Ba||Lu|fit | Ta| W |Re|Os| I | Pt | Au|fg| 1 | Pb
. . . R 1562 1902 1492.2 1954 14a7.0 200. 2044
Ra

* high Z=54, high p~3 kg/l: T T T e B T e o R
self shielding, compact detector

e SD: 50% odd isotopes

allows further characterization after
detection by testing only Sl or SD

! — Ordnungszahl 134‘5
11 Tatd "Hl, ¢ l-s 5 Metal B 14 15 _se 1y |BE
1.003 — 4.003
o efficient, fast scintillator (178nm) ey & Oidbmery 818 15 10 17 Loy
2| Li | Be B(C | N|O|F |Ne
4 [.012 Atommasse 1051 | 12.01 [ 14.01 [16.00 | 19.00 | 2015
: )| Na| Mg Al(si|P|s|cl|Ar
° hlgh mass number A~131: gl 2 g S L £ 2 10 N L amen ae e e e
4 K|Ca|Sc|Ti| V |Cr Mn|Fe Co| Ni|Cu|Zn|Ga|Ge|As | Se| BprRIY
. . 33;;0 4§£3 4;36 4:§3 53.194 5‘?‘.300 5::??4 53.43‘5 5:‘3593 SE.EE:Q 63.;5 63.;9 63;2 ?%gﬂ ?;.192 ?3.29‘6 i 3%30
Sl: high WIMP rate @ low threshold s|Rb|Sr| ¥ | Zr |Nb | Mo| Tc |Ru|Rh|Pa | Ag|Cd| in | Sn| Sb| Te| k |xe
5547 | 6762 || 5591 | 91.22 | 92 12%4 107.9 1;%4 1145 | 1157 1%138 127.6 1a a9 | 15313
Bi Al

Ar A=40
Ge A=73
m— e A 131

....................................................................................

* no long lived Xe isotopes,
Kr-85 can be removed to ppt
* "easy" cryogenics @ —100°C
e scalabllity to larger detectors
* In 2-phase TPC: = o
good background discrimination b e R I SR TN
1] 10 20 30 a0 50 60 fi) z]1]
Recoil energy [keVr]
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Dual Phase TPC L8

Matter Projpect

S1 S2 WIMP

WIMP , '

WIMP  drift time

gamma

S1 52

<
drift time /

................................... eleotron

(S2/S1),... << (S2/S1)

Whmp gamma

* electron recoil rejection to >99% via
lonization/scintillation ratio (S2/S1)

 3d position reconstruction in TPC
» multiple scatter rejection
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Discrimination:
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>99% rejection @ 50% acceptance
= definition of WIMP search region
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The XENON program

XENON: A phased WIMP search program 2010-2015:

Matter Projpect

2008-2011:

2005-2007:
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XENON CoIIaboraﬁon Meeﬁng, LNGS 2011“
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XENON100

Goal (compared to XENON10):

* increase target x10

* reduce gamma background x100
= material selection & screening
- detector design

Quick Facts:

* 161 kg LXe TPC (mass: 10 x Xe10)
* 62 kg In target volume

e active LXe veto (=4 cm)

e 242 PMTs

e passive shield
(Pb, Poly, Cu, H20, N2 purge)

M. Schumann (U Zurich) — XENON100 15



XENON100

Goal (compared to XENON10):

* increase target x10

* reduce gamma background x100
= material selection & screening
- detector design

'.'--...-.-i-

Quick Facts:
* 161 kg LXe TPC (mass: 10 x Xe10)
* 62 kg In target volume
 active LXe veto (=4 cm)
e 242 PMTs (Hamamatsu R8520)

e passive shield
(Pb, Poly, Cu, H20, N2 purge)

nm\m\\\%\\‘\\\\“\“\f :
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XENON100

Goal (compared to XENON10):
* increase target x10

* reduce gamma background x100
- material selection & screening
- detector design

Quick Facts:
* 161 kg LXe TPC (mass: 10 x Xe10)
* 62 kg In target volume
» active LXe veto (=4 cm)
e 242 PMTs

 passive shield
(Pb, Poly, Cu, H20, N2 purge)
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Material Screening

GATOR: 2.2kg high purity Ge detector

T T
. —— Data
| StalmeSS Steel Simulation sum spectrum
1 r 238
U decay
. — 23T decay
o [ e — o decay
|10 SMn d
~ n decay
] *Co decay
v Y
N \ ) —— Background spectrum
= 10—, The H
bl = B gy 1 rn S
! o H IL”L ‘ ™
w10 TI_H ——J“
S —n -
or: Al
L It -
3 1 L lem Y
0 feri]P e D vt
o™ :

operated by UZH @ LNGS

arXiv:1103.2125

L
1000

) 4
1500 2500

Energy [keV]

Component Amount Total radioactive contamination in materials [mBqg/amount]
BE P Ral ¥ Th | "o UK |other nuclides

Cryostat and ‘diving bell' (316Ti 55) |73.61 kg 121.46 147.23 | 404.87 | 662.52

Support bars (316Ti SS) 49.68 kg 64.58 144.07 | 69.55 | 352.73

Detector PTFE 11.86 kg 0.71 1.19 0.36 8.89

Detector copper 3.88 kg 0.85 0.62 5.21 0.78

PMTs 242 pieces 60.50 111.32 | 181.50 [1972.30 [ Cs: 41.14

PMT bases 242 pieces 38.72 16.94 | 2.42 | 38.72

TPC resistor chain 1.5x107% kg 1.11 0.57 0.12 7.79

Bottom electrodes (316Ti SS) 0.23 kg 0.43 0.45 2.14 2.36

Top electrodes (316Ti S8) 0.24 kg 0.85 0.43 1.73 1.16

PMT cables 1.80 kg 0.85 1.97 0.37 | 18.65 ["*™Ag: 2.67

Copper shield 2.1x10° kg 170.80 21.69 | 6.50 | 80.26

Polyethylene shield 1.6x10% kg 368.0 150.4 - 1120.0

Lead shield (inner layer) 6.6 10% kg 4.3x10%°  [3.6x10%|7.2x10% |9.6 % 10* | *''Pb: 1.7x10%

Lead shield (outer layer) 27.2x10% kg | 1.1x10°  [1.4x10%|2.9x10% |3.8x 107 |*'"Ph: 1.4x 10"
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Screening results:
arXiv:1103.5831

use results for
Monte Carlo
Simulations
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In a Dark Matter Experiment!
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CoGeNT =
30 kg fiducial mass i) CDMS_ XENON10
» active LXe veto not used for this plot 1 7'l DAMA/LIBRA

« exploit anti-correlation between light
and charge for better ER-energy scale

XENON100
{full target)

IGEX

Rate [events/keVee/kg/day]
3
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| |':++|'.-||||||

PMT, 48.5 %

teflon, 2.1 % Xenon
P steel, 6.2 % 2| |
keVee-Scale 0TE e H—+——=
; = ! | XENON100 7
? nOt preCISely [ (fidycial volume) :
. " poly,10.7 % known 3 | ! | | | I I | |

Lxe 3.9 OJ/O 10 L1 | | 1 11 | | - | | | | | -

PMT bases, 28.5 % ) below 9 keVee 5 10 15 20 25 30 35 40 45 50

Energy [keVee]
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Nuclear Recoil Energy Scale X@

Matter Project

* WIMPs interact with Xe nucleus
- nuclear recoil (nr) scintillation (8 and y's produce electronic recoils)

« absolute measurement of nr scintillation yield is difficult
- measure relative to >’ Co (122keV)

e relative scintillation efficiency Left:

r - — -

JC- H{ El‘l]‘.’ J LH_ {Ellr jl 033 * Bernabei 2001 T _;

© LTTF { E{t(\ j. 2 2 ]’.{E-ﬁk'r ::l 03 : ..:’:lr\)Jt'li]lltl:]\Z(i{:]J;D _E

o 0.25 O Chepel 2006 =

' & Aprile 2009 * =

. . . = 02 & Manzur 2010 - =

measurement principle: S E e { P

®

i)

k.
IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

/ 2 3 4 5678000 20 30 2050 100
Energy [keVnr]

n 9 MOost recent measurements:

> ————————————————————————————— B Plante et al., arXiv:1104.2587 (2011)

/\ Manzur et al., PRC 81, 025808 (2010)

: New measur_eme"n_t for discussion of possible systematic errors see
In preparation in Zurich A. Manalaysay, arXiv:1007.3746
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Log10(S2Tot/S1)

The new XENON100 Data

= 2.245F
. g 2 om0k 0245
data taken in first half of 2010 -
100.9 life days
2225k 1 . . L . 1 . N . P ,
data blinded in ROI 01501 31001 02/03 04 Dmg]i."r[llzﬂloIt;;ll:;f:;;dnmhl
Sorng o 0045
analysis and results in: 3
arXiv:1104.2549 Eomt
0122
0101 3001 W03 01104 01/03 3003
Date |Day/Month]
3.5~ AL L R B I L S B T VR TR OO R O
- il 4
;.ﬁ;i,“'.f I Science data 7
3. 120 run_08 —
100F- -]
2.5i § BU; _f
2 " = sof— =
- : 402— 3
15 At - Science data :
- 200 run_07 calibration
L T T T 1 = hﬂ;_uncl-mz' Tani0T Jani31 Maro2 .'a.pr:mi May/01 May/31 Jon730
E [PE] Date
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Data Analysis

Basic Data Quality Cuts

- reject non useable waveforms
(muons, micro-discharges, ...)

- hot spot cuts

- S1 noise cut

M. Schumann (U Zirich) — XENON100

log (S2 /S1)-ER mean
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Energy Cuts

- low E region (S1)

- S2 software threshold

- require 2x S1 coincidence
(against PMT dark current, noise)

S1 [PE]
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
I I I I I I I I I I T | I I I

]

A

_ [
energy region

NR calibration

7/
I

N e i 0 N

/

~~~52 > threshold

[ T S M. I TN NN S EN TN 1 A R
20 30 40 50

Energy [keVnr]

=
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Data Analysis

Basic Data Quality Cuts Energy Cuts
- reject non useable waveforms - low E region (S1)
(muons, micro-discharges, ...) - S2 software threshold

- hot spot cuts - require 2x S1 coincidence

- S1 noise cut (against PMT dark current, noise)
> 02
- E  SL:514PE

Single Scatter Selection ~ Zoisp- s2ew7re |

(WIMPs interact only once!) £ o1

- only one S2 peak 0.5

- only one S1 peak - ¥ I

- active veto cut 00_ TR0 3R 3100

Time [us]

M. Schumann (U Zirich) — XENON100 26



Data Analysis

Basic Data Quality Cuts

- reject non useable waveforms
(muons, micro-discharges, ...)

- hot spot cuts

- S1 noise cut

single scatter
interaction

anomalous
event pattern

M. Schumann (U Zirich) — XENON100

Energy Cuts

- low E region (S1)

- S2 software threshold

- require 2x S1 coincidence
(against PMT dark current, noise)

Consistency Cuts
- S2 width cut
(drift time ok? gas events)
- position reconstruction
- anomalous event rejection

27



Data Analysis

Basic Data Quality Cuts Energy Cuts
- reject non useable waveforms - low E region (S1)
(muons, micro-discharges, ...) - S2 software threshold
- hot spot cuts - require 2x S1 coincidence
- S1 noise cut (against PMT dark current, noise)

Fiducial volume cut
NR/ER discrimination

(strict only for classical analysis)

Single Scatter Selection Consistency Cuts
(WIMPs interact only once!) - S2 width cut

- only one S2 peak (drift time ok? gas events)
- only one S1 peak - position reconstruction

- active veto cut - anomalous event rejection

M. Schumann (U Zirich) — XENON100 28



Background Prediction

Expected Background for
» 48 kg fiducial mass

* 100.9 live days .
« 99.75% ER rejection : n'z
=
Gaussian Leakage: § o
1.14 = 0.48 N
Anomalous Leakage: .
0 .56+ 0.25 -
Neutron Background: !
0.11 = 0.08 -

1.8 + 0.6 events

S1 [PE]

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
X I B B B B B
- | |
— | |
n I |
m | |
- | |
- I 99.75 ER rejection
- ! I
—~ | .
SN PRt |
- o~ e 30 NR hcceptance
S |
u | T — |
[ || | L et L || I |

10 20 30 40 50
Energy [keVnr]

— prediction based on data and MC

— prediction verified on high E sideband

M. Schumann (U Zirich) — XENON100
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Unblinding

Xe

§0.010— 9] [PE}
2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
! B
190 195 200 205 210 Tzi}je“'m "“.; :
Gaussian Leakage: py <
1.14 + 0.48 oo Ve e |
L 06 |
Anomalous Leakage: AN ; [ L
0.56= 0.25 R R S |
| It
Neutron Background: - el | } |
12 | | | | | | | | | | | | | | | | | |
-+ 10 20 30 40 50
0.11 +0.08 Energy [keVnr]

1.8 = 0.6 events Population of noise events at threshold

- Some leak into WIMP search region

= Post-unblinding cut removes noise population

M. Schumann (U Zirich) — XENON100
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z [cm]

Radius [cm]
2 4 6 8 10 12
0 | | | | |
10— ‘e
R & E
s '
20
250 e
T e .
'30_|_| |—|__\_F|_|—-| [ .| .|“ 1 ..T .|..| 1
0 50 100 150
Radius? [cm?]

Gaussian Leakage:
1.14 £ 0.48

Anomalous Leakage:
0.56+ 0.25

Neutron Background:
0.11 = 0.08

1.8 + 0.6 events
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logm

Xe

Result

S1 [PE]
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
[ | ' | | | | 1T 1T 1T T T T 1
0_4 __ l - -
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B w el ol o - o Tl ‘o “
oo NP
B 1‘“ f “ z‘ : ‘t* “‘1?’ %ﬁ? ‘:‘:“.: ‘ﬁ ‘ “ ‘;“ * : ~ ‘; *
B | : ‘. «‘f * : - - » " he “ :‘.f ks ‘ - .“ “
0,2__ | o o PR q". - : o “;
0.4 | —-esiitans I- ----- o3 AR R ok S g = PRI SRE TR (R R
[ ]
0.6~ |
SANG
0.8
[ \I'“"‘...,_
1 __ | H“"‘"q‘,‘_‘ at
| —— o
- e
1 2 [ | | | | | | | | | | | T_‘-'l | | | | | |
’ 10 20 30 40
Energy [keVnr]

Observe 3 events
- |ikelihood for 3 or more events is 28%
— Profile Likelihood analysis also does not yield

significant signal = calculate limit 3



WIMP-Nucleon Cross Section [cm”]

WIMP Limit

][}'39 = T T T T 1 T T LI B
i _ -
I Q DAMA/Na Bl
104 = E
- CoGeNT DAMA/I =
104 =
= CDMS -
42 .
10 = . EDELWEISS
104
B XENON100 (2010)
104 =
— XENONI100 (2011) Buc¢hmueller et
10_45 I B | ] | | | | | ]
6 78910 20 30 40 50 100 200 300 400

WIMP Mass [GeV/c?]

XENON100 leads to the most sensitive
limit over a large WIMP mass range

Challenges the CoGeNT, DAMA signals
as being due to light mass WIMPs

M. Schumann (U Zirich) — XENON100

arXiv:1104.2549

Data taking is ongoing
with lower background level
and lowered trigger threshold

Live Days
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XENON100: Sensitivity
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XENON100 goal

Mass [GeV/c?]
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10°

XENON100

XENONIT

Spin-independent
WIMP-nucleon interaction
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1.9m

1.3m
M. Schumann (U Ziirich) — XENON100

2.4t LXe ("1m?3 detector")
1t fiducial mass

e 100x lower background
(10 cm self shielding, QUPID)

e Timeline: 2010 — 2015
e start construction end of 2011

Low Radioactivity
Photon Detectors
(3”7, Total ~250)

Ti Cryostat
(or low rad. stainless steel)

34



XENONI1T
@ LNGS (Hall B)
-a_;_a!m i - 5 m water shield
Kl acting as

active muon veto

Wx
el

* Proposal and TDR submitted to LNGS
* Approved by INFN end of April 2011

M. Schumann (U Zurich) — XENON100



QUPID

Quartz Photon Intensifying Detector

Photosensors

* developed by UCLA group
(Arisaka/Wang)

* very low radioactivity
APD, quartz, no voltage divider

* ongoing tests and

R&D at UCLA
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Alternative: Poster 3015
Hamamatsu R11410 A. Behrens
3“ PMT high gain

LXe operation low radioactivity
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DARWIN — Dark Matter WIMP Search with Noble Liquids
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Backup
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IDM Limit

Inelastic Dark Matter (IDM):
tries to reconcile the result

from DAMA with other expts
Phys. Rev. D64, 043502 (2001)

Dark Matter particle has an
excited state, with an energy
splitting 6

WIMP-nucleon interactions
excite the WIMP, elastic
scattering forbidden

— rate peaks at higher E

XENON100 excludes the
IDM interpretation of the DAMA

result at 90% CL
arXiv:1104.3121
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« DAMA: PMTs coupled to Nal Scintillators
- extremely low background necessary

* looks for annual modulation @ LNGS
* large mass and exposure: 0.82 ton years
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Cryogenic Detectors: CDMS I EDELWEISS

Soudan Mine, USA (CDMS); LSM, France (EDELWEISS)
Principle: measure charge and heat (phonons)

To

-2
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Spin independent cross section [em

T-sensor Absaorber

a deposited energy E produces temperature rise AT

90% CL Limits: Simple Merger of CDMS and EDELWEISS Data
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Heat

Crystals: Ge, Si cooled to few mK
- low heat capacity
= measurable pK temperature!

Good Discrimination
— reject surface events via PSA
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CoGeNT arXiv:1002.4703

 CoGeNT: p-type point contact Ge-detector, ultra low noise

« prototype for MAJORANA, operated underground at Soudan

« very low threshold: 0.4 keVee (electronic noise)

* only one observable (charge), some PSD against surface events
 Excess at lowest energies
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http://arxiv.org/abs/1011.5432

WIMP production

In early Universe: E
WIMPs in thermal equilibrium p(E) o< exp (— )

: 0t e kT

creation < annihilation B
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Xenon: Light and Charge

» energy deposited in LXe produces
electron-ion pairs and excited atom states;
both processes can lead to scintillation

« anti-correlation between charge and light
— improvement of energy resolution possible

 E-field dependence (field quenching)
 response also depends on particle energy
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ER / NR Discrimination
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 ER/NR discrimination via S2/S1 ratio
e Discrimination efficiency similar to XENON10 (>99%)
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Selected Calibrations Xe

XENON
Matter Project

Position dependent Corrections:
Cs-137, AmBe inelastic (40 keV),
Xe* (164 keV)

Kr-83m (planned)

- Agreement better than 3%

Electron Lifetime:

G
& [ Elastic Recoils e 161 keV o
LR 5\\\ - ~200 ps (11.2d), up to 400 ps (run_08)
. ) _
2. Y Electron Recoil Band (Background):
.3 \ Co0-60, Cs-137, Th-228
- YE 190 keV . .
F o e v NUcClear Recoil Band (Signal):
- PRELIMfAS =« [ NeuironssAmBE
ST T T e = definition of WIMP search region,
discrimination
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Calibration at low Energy

expect signal <40 keV (calibration from outside not possible)

= n-activated Xe131, Xe129m
was used for Xe10, T~O(10d)

= Kr83m

~

/Rb83
\75%
1/2~ + Kr83m
210+ +32.1 keV, T12=1.83h
9/2* 9.4 keV, T12=154ns
\\ Kr83

/

R&D in Zurich:

Manalaysay et al.,
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Rev.Sci.Instr. 81, L :

073303 (2010)

Bottom PMT =] .:

“PTFE.

M. Schumann (U Zirich) — XENON100

Second S1 [p.e.]

Counts

120

Background 83mp

100

80

60

40

20 . - foa¥leedt Do g w ]

s . .. =i} . . e 1:._-«"4I - s, Fi ":"""--"":‘-:.‘--'

A et T e T et Sl T I:.gadiﬁ-‘ﬁ‘ﬁ' 'ﬁ-ﬁai B T P R
F A Nl ST I i ) Al y

107}

10

=)

0 100 200 300 __ 4000 100 200 300 400
First S1 [p.e.]

60
L0
i,
(4]
2 0 500 1000 1500 2000
t [ns]
2nd S1 1st S1
1 L L n 1 L
0] 50 100 150 200 250 300
9.4keV S1 [p.e.] 32.1keV

48



Calibration at low Energy

expect signal <40 keV (calibration from outside not possible)

= n-activated Xe131, Xe129m
was used for Xe10, T~O(10d)

=> Kr83m 1207 [R3m..
/Rb83 A '
75% 1%
1/2- Kr83m i
S ¥ 32.1 keV, Trz2=1.83h N e e Sy .4 ety
oy Y 94KV, Tiz=154ns | S [t 0o s >
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Kr-85-Removal

» Xe has no long lived radioactive isotope . 10786y
- = 85
« BUT: Xe contains Kr-85 , JoKr g€
. . p-" : t
iNn air. KI‘/Xe -~ 10 0.434% 9.5, 92+ b-z;; 3? 5140083 1 015
in Xe gas (commercial) Kr/Xe ~ ppm-ppb <4.7107% >16.73_ Al2- Fﬁ?ﬁégﬁ 280.986 40
necessary (Xe100) Kr/Xe ~ 100 ppt e ik it st o7
(<1 evtin 0.5yr) ST e BRD stable
31

— dedicated Kr-85 removal to ppt level
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Acceptance

10

log (S2/S1)

First XENON100 Results

XENONZ100 PRL 105, 131302 (2010)
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e Energy cut: <30 keVnr

* make use of excellent self-
shielding capability of LXe

* 40 kg fiducial mass

M. Schumann (U Zirich) — XENON100

10—45 L1

1

\

Trotta et al. CMSSM 95% CL
Trotta et al. CMSSM 68% CL
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XENON100, Lower 90% CL Leff
XENON100, Global Leff Fit

I| | | | | | 1 11 |
10 100 1000

Mass [GeV/c?]

e data from comissioning
run Oct-Nov 2009

« 11.2 life days
* Data was not blinded

 But: Cuts developed
on calibration data only
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Profile Likelihood Method

arXiv:1103.0303

dark matter
Construct Likelihood function: measurement

' — & AT x e
L = 0, Ny, &, e, Lo, Ve i)

4000

X Za(€s)| x| Ls(ep) JER like* sideband
3000

X L L) X | Lo (Vest)- measurement

2000

.NR like“ sideband NR scale _

measurement measurement

1000 -
ENR (signal T

0 111 T | \‘ \ 11 .\ | I‘I T 111 111 ‘ 1 11 ‘ 1 11 | | \‘\“l 11| ‘ I‘T | W \..I |
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S1 [PE]

Profile Likelihood Method e\
- necessary to claim a detection - N
- account for systematic uncertainties
- uses full S2/S1 space

- hypothesis (signal/bg) based
on profile likelihood ratio

DAMA

-

. \'x DAMA

. N (with channeling)

N\ Trotta et al. CMSSM 95% ¢ 1.
A Trotta et al. CMSSM 68% c.1.

T IIIIIII| T ||JI'III|
5
=

Cross Section [log, . cm?)
1
=Y
(48]

- o IS the Interesting parameter; -4
other nuisance parameters are profiled out F ER-\ |
- method described in arXiv:1007.1727 e e 0

Mass [GeV]
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Poisson Smearing X@

Matter Project

z | WIMP spectrum
E / (10 GeV WIMP)
= ~ I I : .
2 ol .~ Poisson smearing
£ F ~ 1 with efficiency
107 - : ! ! ) .
EOF 0 NUTTT ;o All other contributions
girg T to the energy resolution
= i g - .
b L. (interaction in LXe etc.)
: | ~areignored here.
= i .
= 3 PE ' 4 PE (lower 90% Lef)
—fr_ | 1 | 1| 1 1 | 1 1 | | 11 | | 1 | I: | 1 1 1 | 1 1 | | | | L1 1
10 0 2 4 B X 10 12 14 16 18

Energy [keVr]

* Resolution at low E is dominated by Poisson counting statistics
- a few photoelectrons seen by PMTs

 WIMP spectrum is expeced to drop exponentially with E
- more events make it above threshold than vice versa
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