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DIRECT WIMP SEARCHES

WIMPs interact with nucleus!
WIMP may interact with

cross sections of < 2 x 10 cm?

Observable quantities

B — = (1 — cosB)<50kev

q = momentum transfer

mN = target nucleus mass . Mmyymn
p = reduced mass = i, == Y
v = mean WIMP-velocity on respect to the
target

0 = scattering angle in the center of mass
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DIRECT WIMP SEARCH: THE
BACKGROUNDS

cross-sections (<2 x 10* c¢cm?)
without background

v Sensitivity = M x t

with background

v Sensitivity = (M x t)!/?

until imited by systematics : .
Electronic recoils
NATURE:

SIGNALS:
0551, o Nuclear recoils
SOURCES:
Artificially produced radionuclides AN/
(3K, 13/Cs) - Gamma K2 , . s R W

scatter from the

Atomic Electrons

Cosmogenic radionuclides
(*9Co) - Gamma

Natural primordial radionuclides
(28U, 23°Th, *K) - Gamma and Neutrons

Cosmic muons - Neutrons
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DIRECT WIMP SEARCH: THE
APPROACHES

COUPP, PICASSO, SIMPLE

CRESST
ROSEBUD

CDMS
EDELWEISS

DAMA/LIBRA
CoGeNT XMASS
"Texono DEAP
CDEX CLEAN
DMTPC KIMS
DRIFT DM-Ice

1\1\411MAC ZEPLIN, LUX, XENON,
cwage ArDM, DarkSide, Panda-X
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THE 2-PHASE TPC APPROACH

Top PMT array

Gas Xe

Liquid Xe

Cathode
16 kV

Bottom PMT array
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Primary scintillation signal (S1)

Electrons drift over 30 cm max distance
Electrons are extracted and accelerated

generating secondary scintillation
signal (S2) - very localized on the top
array => XY positioning

'The time difference between the two
signals gives information on event
position 1n z
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THE 2-PHASE TPC APPROACH

Top PMT array

L1 [ [ |Gas Xe

Anodel--M==""Z2 oM - -cocaeeee
Liquid Xe
............ >
Cathode
16 kV

Bottom PMT array
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Primary scintillation signal (S1)
Electrons drift over 30 cm max distance
Electrons are extracted and accelerated
generating secondary scintillation
signal (S2) - very localized on the top
array => XY positioning

The time difference between the two
signals gives information on event
position 1n z
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c 1501
0
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WIMP (here neutron)
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XENONI1TOO: WHY LIQUID XENON?

* large mass (ton scale)
* easy cryogenics (-100 °C)

e low eNnergy threshold WIMP Scattering Rates
e afewkeV > F — _
* A~131 (good for STo ~ A9 § R | rrs/lokesear Z‘Z ((2;17?,;)
* ~50% odd 1sotopes (SD) E I L
e background suppression % ?Eiﬁi/l EO&%/ o Ar (A=40)
e good self shielding s 10°F
features (p~3 g/cm? "
7=54) 5[

* Jow intrinsic radioactivity

e camma background
discrimination

® position sensitive

e ' PC mode

10°

1 lllllll

M, =100 GeV,0,_p = 10" *cm?

ll[llllllllllllllllllllllllllllllllll
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o
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Xe

XENON110O: NR ENERGY SCALE

We use a global fit of the available data to compute the
quenching factor for nuclear recoils

Ongoing efforts to measure this quantity with a better
precision

In XENON100 [3-20] PE ~ [6.6-30.5]keVr

Scintillation light quenching
due to the electric field

measured S1 signal in p.e.
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XENON10OO: DESIGN

 ~161 kg total / ~62 kg target LXe (15 cm

radius , 30 cm drift) 7\ 7N\
. gl [ NV Fetmougs
* All detector materials selected for low \\
. = Tube to Cooling N T Double Wall
radloaCUVlty - Astropart. Phys. 35, 43-49 (2011) Tower E ™ T~ AL Cryostat
* Active LXe veto l P il Bell
. \ 1 - Assembly
* Improved shield (H2O, Pb,Poly,Cu,N2 purge) -
g / I /Upper Side
»  New high QE (>32%@175nm) low activity 1” e | & | Veto PMTs
R8520 PMTs (total 242 PM15) Top Amray | Amode
: . PMTs Field Shaping
* (ryocooler and feed-through outside the shield |~ Rings
PTFE 4
* The Xenon is continuously recirculated and Pmls\\
purified (in gas phase) through a hot getter
(SAES) at a flow rate of ~ 10 SLPM
» Cooling power is provided by a Pulse Tube
Retrigerator (160W) Lower Side [ Cathode
Veto PMTs
* Prior to the start of the run the LXe 1s purified  pgyom Array \\V:st;";;rs
from Kr down to ppt PMTs

Astropart. Phys. 35, 43-49 (2011)
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XENON10OO: IMPROVEMENTS

>
Q -
e More than double exposure § 10—
e Lower threshold: = - ;g}#
e $2>150 PE and S1> 3 PE (6.6 ke V)5 0.8 g
¢ Reduced noise and improved cuts to g i ¥
1identify/reject “noisy” events 0.6 run_10
e Reduced Kr/Xe contamination (19 ppt) - P run 08
e More calibration data: § B
e 35x more ER calibration 041~ =
e AmBe before and after the run B K
e Electron lifetime monitored with ¥’Cs 0.2—
source increasing from 375 to 610 ps -
000swmis 1 Lo v Lo Ll Lo b Lo L 1
0 50 100 150 200 250 300 350 400

S2 [PE]
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Live Days

XENONI1TOO: 2011-2012 DATA TAKING

220
200
180
160
140
120
100
80
60
40
20

Data taking: Feb. 28, 2011 to March 31, 2012
Excellent stability of the detector parameters: 'I' variation < 0.16% and P variation
s 0770

Data following maintenance periods removed from analysis
=> 224.6 live days of dark matter data
Longest run of a liquid xenon detector
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Dark Matter
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XENON1OO: CALIBRATION

S1 [PE]
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E. Aprile et al. (XENON100), arXiv:1207.3458
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XeC

XENON 1 OO ANALYSIS XENON
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XENON1T10OO: RESULTS

E. Aprile et al., Phys. Rev. Lett. 109 (2012) 181301
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5 10 15 20 25 30 o g .
[ I | I I I I I I I I I I I l 1 I I I l I I I I I I I I 1 I I I I The power Of ﬁduClallzatlon
04— * J : R |. Radius [cm] ]
N | e e, " | X 2 4 6 8 10 12 14 15.3
— - L | | ™ T - 0
0.2 .* » a a3 1 at . a ad . ]
o -—_ ‘:I .“ ‘~ .. L | ; ’.; ‘.‘ .l i'.. .-:xt :'.’. ‘@i"“ ‘;f‘Q‘
3 C o alle .4 H'S .‘;‘:‘ :-'. any ® ."* Wan "b"f ok * " as :
=R S Ak WY S T RN P L Wl S TPE b b I--ga.‘;'«‘
- = .- ¥ - aat - g, r # aw - - .' ™ o Ta " -
= Colahu s = e e L LT L |« « e -10
[_I'_] -0.2 L [ I = L n . & 2 .C ' 2 oy - | X .
oLy [ - - =
@.-. _04 ;_“ ---- r' ---------------------------- ! """""""" ?--‘- ----------- .. _.______j--- ] ‘:’ I5
o . L
% 0.6 I ———— T |~—F .
VO =00 I s — .
of B . ' |
2 -0.8 L l. #-"'"f | -25
Ok -~
=] e | -30 i
SN e | 0 50 100 150 200 250
A Radius® [cm?]
l 2 —”I"I | Il*l"'h.]_ | | I 11 1 I 1 11 | I L1 1 | I EI L1 1 I | [ I 1 | I|I I 1 11 | ©
s 10 15 20 25 30 35 40 45 50 34 kg fiducial volume

Energy [keVnr]

2 events observed with 1.0 £ 0.2 events expected
26.4%0 probability of upward background fluctuation
No significant excess due to signal seen in XENON100 data
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XENON10OO: SPIN INDEPENDENT LIMITS

* 201172012 data taking: 224.6 days x 34 kg exposure

* Dark matter 1sothermal halo: maxwellian velocity distribution ve = 220 km/s, Galactic
escape velocity vese = 544 km/s, local density of p = 0.3 GeV/cm?

* Limits extracted via Profile Likelihood method

1077 =
3| ]‘ T I I I I 1T T 1T I I I [ T 1T 11 I I I I | L L ié
=1 XENON100 (2012) 3
EoIRR 1L DANMAN — observed limit (90% CL)
g 10 = \ 0( eNT Expected limit of this run: =
|: ‘;‘ E\ ] DAMA/I B + | o expected -~
E o — + 2 ¢ expected —
— 8 10-4] — =
d A = =
= LLI S 10 —
LLl o O = =
S < g - 7
E = = 109 = _
o 32 E =
T §
— = 10 =
() = - ege et al., JCAP 1203, 030 (20125
() — lie et al., arXiv:1206.0264 -
= 10 | | hmueller et al., arXiv:1112.3564
67810 20 30 40 100 200 300 1000 2000 10000
E. Aprile et al., Phys. Rev. Lett. 109 (2012) 181301 WIMP Mass [GeV/c’]

o= 2.0 x 10-45 cm2, My = 55 GeV/c2 (90% CL)
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XENON10OO: SPIN DEPENDENT LIMITS

e ~ 50% non-zero spin nuclei (129Xe (1/2) and 131Xe (3/2))
* competitive proton-only limit
* leading neutron-only limit

E. Aprile et al. (XENON100), arXiv:1301.6620

et 10 —————
- — XENON100 limit (2013) proton — XENON100 limit (2013) neutron
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XENON1TOO: CONTROL ON SYSTEMATICS

AmBe calibration

* Absolute (no scaling) data - Monte Carlo matching at % level down to 3 keVyu,
* simulation of both scintillation (S1) and 1onization (S2) signals
* reproduce both spectra and 2D analysis space (DP)
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XENON10O: WHAT IS GOING ON?

» Monte Carlo study of Nuclear Recoil S
background

» Detector response to single electron

» Annual modulation in low-energy ER
» Axion and super-WIMPs search
 Light dark matter with S2 only analysis

« 2D analysis with S1 and S2 energy

scales combined and WIMP simulation

* Meanwhile XENON100 1s still running

and a new AmBe calibration just
finished for the current run_ 12

 But we need to move forward » N
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XENONIT

Y
l/.nm.!

A
Il m
v
3" x 250'PMTs
* ~40x XENONI00 sensitive mass ‘
* 100 x less background than XENON100 . L

* > 3 xlonger drift and larger radius than XENON 100
* toughest challenges:
* intrinsic contamination - < 0.5 ppt Kr and < 1 uBq/kg of ?*?Rn
e -100 kV on cathode (-16 for XENON100)
* recirculation and purification
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Rate [events/keV/kg/day]

Rate [events kg™ day™ keV]
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XENON1T0OO: BACKGROUND

Lowest background dark matter detector
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ANALYSIS ON THE TWO CANDIDATE EVENTS
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Relaxing the S2 threshold condition (S2>150 PE)
=> pand of events at very low S2/51(below signal range)
- 2 events from the tail of this band?
- further studies are required
- quantify and put into background model for the next run
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CANDIDATE EVENT #1

Event 1 cS1 = 3.27 PE
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ENERGY SCALE FOR ELECTRONIC
RECOILS
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* Scintillation response by means of “Compton
coincidence technique”
* Measuring the energy of the scattered y ray
Ly
1+ 7522 (1 — cosB)
* ‘Two different approaches:
* Energy: HPGe to select events with fixed recoil
energies

e Time: Nal to select events at a fixed time

B =15, =
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