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Liquid Xenon for Dark Matter Detection

e XENON goal: detect galactic WIMPs by their elastic collision with Xe nuclei:
= Achieve sub-10 keV recoil energy threshold

= Achieve a WIMP-nucleon o sensitivity of ~ 2x104* to 2x104° cm?
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= LXe: efficient and fast scintillator (yield ~ 809%Nal); good
E ionization yield (W=15.6 eV)

o4l Modest quenching factor for NRs (~0.2)

‘Easy’ cryogenics at ~ 165 K
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Recoil energy [keVr] detection, plus 3D event localization and Lxe shelf-shielding
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he X

—NON10

Detector Concept

e Prompt (S1) light signal after interaction in active volume; charge is drifted,
extracted into the gas phase and detected as proportional light (S2)
e Challenge: ultra-pure liquid + high drift field; efficient extraction + detection of e
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The XENON10 Detector

e 22 kg of liquid xenon
= 15 kg active volume

= 20 cm diameter, 15 cm drift

¢ Hamamatsu R8520 1”x3.5 cm PMTs
bialkali-photocathode Rb-Cs-Sb,

Quartz window; ok at -100°C and 5 bar

Quantum efficiency > 20% @ 178 nm
e 48 PMTs top, 41 PMTs bottom array
= x-y position from PMT hit pattern; ox-y= 1 mm
= z-position from Ataritt (Vd,e- =~ 2mm/ys), 0z~0.3 mm
e Cooling: Pulse Tube Refrigerator (PTR),

90W, coupled via cold finger (LN2 for emergency)

= | Xe maintained at T = 180 K and P=2.2 atm

e 12 kV cathode: E4=0.73 kV/cm (drift), Egas=9kV/cm (S2)
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Typical XENON10 Low-Energy Event

Hit pattern of top PMTs
e 4 keVee event; S1: 8 p.e => 2 p.e./keV

event_id: 26
total_pe: 1654

Total Sum

e S2
3000 |—
2000 —
1000 —
o_ | 1 |
- 1 1 1 I 1 1 1 l 1 1 1 I / 1 I 1 1 1 I 1 1 1 I 1 1 1 Nl 1 I I
0 2000 2000 8000 10000 12000 14000 6000
[xev04_20060826T1131_03037#26 |
4500 =
700 — =
— 4000:—
o= 3500 E-
500 E— Drift t [us]): 65.0 $i tothl [pe]: 8 S2fotal [pe]: 3025 S2/S1: 399 1000 E—
400 - 2500 F—
2005— 1soo§—
- 3 p.e. o - 3K p.e.
- 500 —
OE OE s ook i o E = = L
-100 — S B L R SR L SR |
E e gl 13600 13800 14000 74200 13400 13600 T480¢

S1 S2

Friday, October 19, 2007



XENON10 at the Gran Sasso Laboratory

i Muon flux vs overburden ..f.
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XENON10 at the Gran Sasso Laboratory

£

—

e March 06: detector first installed/tested outside the shield

¢ July 06: inserted into shield (20 cm Pb, 20 cm HDPE, Rn purge)

e August 24, 06: start WIMP search run

Jaly 2006
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he XENON10 Collaboration

10 young postdocs, 13 graduate students, many at g_
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XENON10 Performance at LNGS

e Stable pressure, temperature, PMT gain, liquid level, cryostat vacuum, HV...

= over many months (continuously monitored with ‘slow control system’)
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X

~NON10 Gamma Calibrations

e Gamma Sources: °’Co, 3’Cs; determine energy scale and resolution; position
reconstruction; uniformity of detector response, position of gamma band, electron
lifetime: (1.8+0.4) ms => << 1ppb (O2 equiv.) purity
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X

—~NON10 Calibration with Activated Xenon

e Neutron activated Xenon => 2 meta-stable states, 3'mXe (164 keV gamma,
T12=11.8 d), 12*"Xe (236 keV gamma, T12 = 8.9 d)

e Uniform position and energy calibration of detector => validate position

reconstruction of events in full volume

S2 [# of electrons x 107

Activated Xenon log10(Counts)

2.5

B, 236 keV

115

05

14

S1 [# of photons x 10

Anti-correlation of charge/light signals
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XENON10 Neutron Calibration

e (Encapsulated) neutron source: AmBe (Emax = 10 MeV), ~ 3.7 MBq (220 n/s) in shield
¢ |n situ calibration: December 1, 06 => determination of the nuclear recoil band
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Data and Monte Carlo agree well:
= NR response at low energies well understood
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X

Energy of nuclear recoils (NRs)

Measured signal in nr. of p.e. _
=
Quenching of scintillation QD:
yield for 122 keVy’s due  “~
to field (0.54 at 0.73 kV/cm) é

e o__SL_ S,

“ L -LC S
y “Teff nr

Light yield for
122 keV vy in p.e.
(3.00 p.e./keV)

Relative scintillation efficiency of
NRs to 122 keV y’s at zero field

(flat value: 0.19)
Quenching of scintillation
yield for NRs due to field
(0.93 at 0.73 kV/cm)
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“NON10 Neutron Calibration
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XENON10 Discrimination

6- 8 keVegs-8keves
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e Rejection is > 99.6% for 50% Nuclear Recoil acceptance
= Cuts: fiducial volume (remove events at teflon edge where poor charge collection)

= Multiple scatters (more than one S2 pulse)
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XENON10

Backgrounds:

Data and MC Simulations

e Gamma BG: dominated by steel (inner vessel and cryostat) and ceramic FTs
e Neutron BG: subdominant for XENON10 sensitivity goal (MC: < 1 event/year from
(x,n) in materials and < 5 events/year from p-induced n’s)

e Red crosses: data; Black curve: sum of background contributions from MC
= < levent/(kg d keV) (< 1 dru) (for r < 8 cm fiducial volume cut)

Total Energy(keV) <=50 keV for SHE in FV

MC vs Data, or full FV (8.91 kg)

MC: SS+PMTs+Ceramic FTs

—— — ]

events/day/kg/keV
|

—

MC: SS only

MC: PMTs only

MC: Ceramic FTs only x0.075
Data

Single hits in fiducial mass (8.9 kg)
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XENON10 Blind WIMP Analysis Cuts

e Energy window: 2 - 12 keVee -> based on 2.2 p.e./keVee
= Basic Quality Cuts (QCO0): remove noisy and uninteresting (no S1, multiples, etc) events
= Fiducial Volume Cuts (QC1): capitalize on LXe self-shielding
= High Level Cuts (QC2): remove anomalous events (S1 light pattern)

r<80,2«<E([§1/22) <12 keVes
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e Fiducial Volume Cut: 15 ps < dt < 65 ps, r < 80 mm => fiducial mass = 5.4 kg
e Overall Background in Fiducial Volume: ~ 0.6 events/(kg - day - keVee)
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Analysis Cut Efficiencies

neutron data
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S1 efficiency

DllIIIIEIIIlIIIlIIIlIIIlIII|III|III|II
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p.e.

Trigger: S2 sum signal from top PMTs

S2 threshold: 300 p.e. (~ 20 €)

(gas gain of a few 100s allows 100% S2 trigger
efficiency)

S1 signal associated with S2: searched for in
offline analysis -> coincidence of 2 PMT hits

S1 energy threshold is set to 4.4 p.e. (efficiency is
100% at 2 keVee)
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XENON10 WIMP Search Data

e WIMP search run Aug. 24. 2006 - February 14, 2007: ~ 60 (blind) live days
e 136 kg-days exposure = 58.6 live days x 5.4 kg x 0.86 (€) x 0.50 (50% NR acceptance)
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Spatial Distribution of Events

‘Gaussian events’: nr. 3, 4,5, 7,9

1 Oor- e wfl}% ﬂ-{»‘m
E I Taaind ‘Non-Gaussian events’: nr: 1, 2, 6, 8, 10
2 10 Ev. nr. 1: S1 due to noise glitch (a posteriori)
| & Ev. 2, 6, 8, 9 -> not WIMPs!
0 e Likely explanation: reduced S2/S1-events due to

double scatters with one scatter in a ‘dead’ LXe
region => no S2 for 2nd scatter
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XENON10 WIMP Search Results for Sl Interactions

e To set limits: all 10 events considered, thus no background subtraction performed
e Probe the elastic, SI WIMP-nucleon o down to = 4 x 10-% cm? (at Mwive = 30 GeV)

Upper limits in WIMP-nucleon cross
section derived with Yellin Maximal
Gap Method [PRD 66 (2002)]

=

[—
=

At 100 GeV WIMP mass
CDMS-II

9.0 x 1044 cm2 (no background
subtraction, red curve)

5

WIMP-nucleon Sl cross section [cm?]

10 5.5 x 1044 cm?2 (known background
subtracted, not shown)
VSl 00 <3008 Factor 6 below previous best limit
HNENONIO (136 kg—d)
Roszkowski, Ruiz & Trotta (2007 ChMSSM .
0+ Ellis ct. al (2005) CMSSM___ - Results submitted to PRL
10" 102 10° arXiv:0706.0039 (XENON collaboration)

WIMP mass [GeV/c?]
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XENON10 WIM

P Search

Results for S

e natural Xe: 1?°Xe, 26.4 %, spin 1/2, 131Xe, 21.2%, spin 3/2
e use shell-model calculations by Ressel and Dean [PRC 56, 1997] for <Sn>, <Sp>
e upper limits: Yellin Maximal Gap method, no background subtraction

pure neutron couplings
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XENON Program 2007-2008

e New collaboration: Columbia, Coimbra, LNGS, Rice, Zurich

e New detector in current shield at LNGS is under construction: 150 kg LXe (70 kg target), active veto, 250 low-
activity 1 inch PMTs, and stainless steel cryostat; cryocooler (170 W) and feed-throughs outside the shield

e Dedicated material screening facility at LNGS
e Construction: end 2007; installation: spring 2008; results by end 2008

e Expect to test cross sections of 9 x 104 cm? (at 100 GeV WIMP mass)

~ 15 cm radius, 30 cm drift

Friday, October 19, 2007



New XENON100 material screening facility

e Ultra-low background, 100 % efficient (2 kg) HPGe-spectrometer
e Shield: 5 cm of OFHC Cu; 20 cm Plombum Pb (inner 5 cm: 3 Bg/kg 210PDb), air-lock system and

Nitrogen purge against Rn

¢ First background spectrum: < 1 event/kg d keV above 40 keV

e Goal: screen all XENON100 detector/shield components for a complete BG model
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Swiss Contribution to XENON

e UZH: 2 postdocs (A. Ferella, E. Tziaferi), 5 graduate students (J. Angle, A. Askin, A.
Kish, M. Haffke, A. Manalaysay), 2 diploma students (M. Bissok, S. Schulte)

e | NGS screening facility (HPGe-spectrometer)

¢ | NGS raw data monitoring, storage and analysis; LXe purity monitoring

e Monte Carlo simulations of EM and NR BGs, and calibration measurements

e R&D on LXe detectors with small (3 kg) prototype at UZH

e Hardware components for XENON100: 1/5 of PMTs + HV modules, OFHC Cu diving
bell, mock Teflon inner chamber, ultra-low BG stainless steel for cryostat; online Rn

monitoring with Rn detector and Rn suppression

e New scintillation efficiency measurements with XeCube at Nevis Labs/Columbia
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Summary

LXe technique: well suited for dark matter searches
XENON10: most stringent limit on WIMP-nucleon cross section; current: WS data with upgraded detector

XENON100: in construction, expect science data by 2008
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1 event/t/yr

SuperCDMS1t, WARP1t, ArDM
XENON1t, EURECA, ELIXIR, XMASS, ...
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