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DARK MATTER DETECTION

Neutrinos: 0.1% - 5%

* most DM is non-baryonic Brgmip sty | ———
* cold Cold Dark Matter: | / .
. dark l 29 £4%
Weakly Interactive Massive Particle
* Stable Dark Energy: 67 + 6%

* slow
* relic from the Bing Bang
* part of a motivated theory

—» Candidates exits in many extension of the SM :
Neutralino, Axion ....etc

l Scattering non relativistic —
— 4.—‘]' coupling spin-dependent / spin-independent /
e o AL : 7 wimp
T ‘!,m-**i_ ' Elastlf:
. oxpocted Scattering .-
IO ir;::m Galactic F
I_umlnous disk Halo . w
. f~10-3 Xe Nucleus .
R (kpc) [ 105 e
Rate ~ N p,/my <ox>, Flux ~10° p/cm?/s E, .y 10-100 keV
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- M33 rotation curve p, = local WIMP density
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NOBLE LIQUIDS AS DETECTOR MEDIUM

Liquid rare gas give both scintillation and ionization signals

Element Z(A) Boiling Liquid Energy Radiation | Collision | lonization | Scintillation Cost
point (Th) density loss length length [e/keV] [keV]
@1bar [K] @Tb dE/dx X,(cm) A(cm)
[g/cm?] (MeV/cm)
Ne 10(20) 27.1 1.21 14 24 80 46 7
Ar 18(40) 87.3 1.40 2.1 14 80 42 40
Kr 36(84) 119.8 241 3.0 4.9 29 49 25
Xe 54(131) 165.0 3.06 3.8 2.8 34 64 46 '




LIQUID XENON FOR DARK MATTER DETECTION

i Current COMS-I1 Limit, 909 C.L.
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Quartz windows: NO SHIFTING WITH LXe

High atomic number Xe nucleus(Z=54,A~131)
and density (r=3g/cm?3) good for compact and
flexible detector geometry. Good stopping
power (i.e. self shielding active volume)

~50% odd isotopes ( 12°Xe, 131Xe ) for spin
dependent interactions

“Easy” cryogenics at —180K

No long-lived radioactive isotopes. 8Kr
contamination reducible to ppb level (high
electron drift)

High scintillation (W~13 eV) yield with fast
response (yield ~80% of Nal)

High ionization (W=15.6eV) yield and small
Fano factor for good AE/E

low diffusion for excellent spatial resolution.
Calorimetry and 3D event localization
powerful for background rejection based on
fiducial volume cuts and event multiplicity

Distinct charge/light ratio for electron/nuclear
energy deposits for high background
discrimination

Available in large quantity and “easy” to
purify with a variety of methods (~2k$/kg).



THE XENON DARK MATTER PROGRAM

» Detect WIMPS through their elastic scattering with Xe nuclei

« XENONZ1O0 first implementation of the concept. Data taken in 2006/2007.
(Reached sensitivity ~10-43cm? for 100GeV WIMP)

» LXe double-phase TPC, 3D position sensitive detector
» Event by event discrimination (>99.5%) by simultaneous charge and light detection
» Low energy threshold ~5keVr with 89 PMTs readout (>3pe/keV)

« XENONZ10O0 currently under commissioning at Gran Sasso laboratory

Goal: gamma background reduction by ~100 and fiducial mass increase by a~10
(sensitivity up to ~2x10-*>cm? by the end of 2008)

« Ultimate goal XENONLT -> o5~10-46cm? (to be proposed for 2009-2011)
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THE DOUBLE PHASE XeTPC:

Wimps (or neutrons) — Slow nuclear recoils et WIMP
v,e” etc — Fast electron recoils lonisaton =
EIEc:trDrfnJ:T:-?::.cnil ‘ =
Applying a drift field fewer and fewer \ .
electrons recombine with the parent ions B i Xe,
(recombination light suppressed). ’ . gamma
Due to different track structures of \ {recorm-
recoiling electron and nuclei we have two Xe' =S== Xe''t We
different amount of quenching ' Xe t
Different ionization/scintillation ratio for =y P
electron and nuclear recoil providing basis for z -
Event by Event discrimination /\ clectron

lonization S|gnal from nuclear recoil too small
to be directly detected : electron extracted from
liquid to gas

— larger proportional scintillation signal S2
= DUAL PHASE DETECTOR

(s2/sl)electron >> (s2/s1l)nuclear

Ultra pure liguid necessary to preserve small electron signal (=10 el)




TYPICAL SIGNAL IN XENON10

Primary scintillation S1 (created by interaction in LXe) : spread signal mostly on the bottom
(20/80 top/bottom)
Secondary scintillation S2 (proportional signal in gas Xe) : mostly on the top array

= Xy position reconstructed through the S2 light pattern (c,,~ 1 mm) on the top array
Drift time (maximum drift 15 cm /80us) — Z position (o,~ 0.3 mm)
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XENON10 DETECTOR

Physical active region : cylinder r=10cm z=15cm
22 kg LXe, 15 kg active, 5.4 fiducial

Cryogenics : 90W Pulse Tube Refrigerator (PTR)
Shielding 20 cm poly + 20 cm lead

Running condition: T=180K, P=2.2 bar, Drift Field=0.73kV/cm,
Extraction Field= 9kV/cm

Readout : 89 PMTs Hamamatsu R8520 (48 PMTs top, 41 PMTs bott)
Hamamatsu R8520 (1”,Al)
Bialkali photocathode Rb-Cs-Sb
Quantum efficiency > 20% @178 nm







XENON10 @ LNGS

AEMNOMN10 -- Running Days vs. Live-Days

80

7O+

60

—_—

———— Unblinded

———— Blind

—-=—— MNeutron (x10)

20 +

40 |

Live-Days

30

20 +

10+

—

Unblinded
WIMP

|
|
|
|
: search
|
|
|
|
|

data & :

High stats
gamma
calibrations

92% live time

Blind WIMP
search data

Periodic
# gamma calibrations

|

0
Aug

Sept  Oct

e

Mow

Date

i Meutron calibration
1 1

Dec Jan Feb

Activated
Xenon



GAMMA CALIBRATION —°’Co 137Cs (introduced in the shield)

Determine electron lifetime : (1.8+0.4)ms = 1ppb (O, equiv) purity
Determine energy scale from primary light : 2.25 pe/keV @ 662keV and 3.0 pe/keV @ 122keV
Test XY position reconstruction algorithm and vertex resolution

Determine (u,o) of electron recoil band — background rejection
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XENON10 background rejection power

AmBe neutron calibration (NR-band) Cs-137 Gamma Calibration (ER-band)
”12h (Source ~3.7MBq in then shield) Wejeﬁkly callbratlon (source ~1kBq in the shield)
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CORRECTIONS TO IMPROVE SIGMA - Activated Xe

Gamma ray peaks B
164 keV — 236 keV
(from 129mXe and 131mXe)
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XENON10 WIMP SEARCH RUN

* WIMP search from data accumulated between October,06 and February,07
e Blind analysis : data from WIMP search run in the box until cut definitions completed.
Cuts defined on data from gamma and neutron calibration

» Two independent analyses (choose the one with NN technique and better analysis
of the digitized signal waveform, different selection and cuts )

» Box open on April,07
Three levels of cuts to select good events

> Basic quality cuts (QCO) : reject saturation, no S1 or multiple S2 peaks, S2 2

» Fiducial volume cuts (QC1) : r<80mm && 15us<dt<65us

» High level cuts (QC2) : to remove events with anomalous and unusual S1
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WIMP SEARCH DATA

» WIMP acceptance window defined as ~50% acceptance of NR [mean,-3c] from gaussian fits
» ~1800 events in the energy box

» 10 events in the acceptance window after the primary analysis (QC0,QC1,QC2 cuts)

» 6.9 events expected from the vy calibration

» 5 events not consistent with the y calibration

10 events in the box (50%NR acceptance, 86% cut acceptance)
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ANOMALQOUS EVENTS
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Secondary analysis:

O 5 events are consistent with statistical leakage
from electron recoil band (6.9 events expected)

Radius [mm)]

O 4 of the 5 non-Gaussian events are removed by a
more sophisticated gamma-x cut
(=3 events expected from simulations) Sensitive g
0 1 eventremoved by signal quality cut (noise event) (15 cm]
WIMP SIGNAL UNLIKELY Reverse cathode
Field m
Detector upgraded in May 2007: Teflon blinders placed ﬁ;ﬂl‘:, 1 :

around bottom PMTs to reduce the rate of gamma-x events -
( ~50 live days ) Paricle



XENON10 EXCLUSION LIMIT FOR SPIN-INDEPENDENT

WIMP INTERACTION (90% CL)

0< 8.8 104 cm for m=100 GeV

(factor 2.3 below the best previous limit at 100 GeV)

(CDMS-Il 2004+2005)

CDME-II (2004 + 2005

AENONL0 (136 kg—-d)

Roszkowski, Ruiz & Trotta (2007 CMESM
Ellis et. al (2005) CMSSM

WIMP-nucleon cross—section [cmz]

WIMP Mass [GeV/c’]
PRL 100,021303 (2008)

10 10° 10

Results based on Yellin
maximal gap method
NO BKG SUBTRACTION

XENON1O0 is probing a
significant part of the
theoretically predicted
cross section for
WIMPs



SD pure neutron cross section [sz]
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XENON100 DETECTOR

» New detector in the same shield at LNGS

» 170kg total - 70 kg target LXe (15 cm radius , 30 cm drift)

» Active veto

» New high QE (>30%@175nm) low activity 1” R8520 PMTs (total 242 PMTSs)
» Cryocooler (170 W) and feed-through outside the shield

» Material screening facility at LNGS (gamma background reduction ~100)
| B . —




WIMP-nucleon cross—section [r.:mz]
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SUMMARY

« XENON10 demonstration of the concept
« XENON10 has placed the most stringent DM limits (SI - SD)
« XENON10 upgraded: new data (~50 live-days) under analysis

« XENON100 — increased mass, reduced background
Moved underground Feb 2008

 MC studies on XENONAIT started

Thank you!



EXTRA SLIDES



Backgrounds

MC The gamma backgrounds have been simulated
A\ Total BG using GEANT4, at left. The main contributions
' come from the PMTs and the steel of the inner
vacuum can (IC).
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L. uncertainty

AmBe —n R < 80.0 mm Single Elastic, Flat LY. Due to the wide range of results from beam
EMC measurements on L g, we chose to use a flat 19%
value. This value shows very good agreement
when comparing neutron calibration data to MC,
and indeed the best-fit for L. 1s not far from the
flat value that we chose.
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XENONI10 Blind Data

136 kg-d exposure = 58.6 live-days x 5.4 kg x 0.86 (&) x 0.50 (NR acceptance)

WIMP Search Data

= WIMP acceptance window defined
as ~30% accepiance of nuclear recoils
[mean, -3o] from ganss fit (yellow
lines).

* 10 events in the acceptance window
after all cuts

* 7.0 events expected from y
calibration, although not used for

background subtraction
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Neutron MC Simulations

AmBe-n R< 80.0 mm Single Elastic |
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XENON10 UNDERGOUND @ Ings
EXCELLENT STABILITY OVER 10 MONTHS
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 WIMP search data collected between October 2006 and February
» 58.6 live days total used for WIMP limit




