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Dark matter search with noble Liguids TPCs

Ar (A =40); A =128 nm
Xe (A=131); A = 178 nm

»x | arge, scalable, homogeneous

and self-shielding detectors BMT array
x  Prompt (S1) light signal after
interaction in the active volume JARNGHEREEs *95993@[9-39[ light (S2)
» Charge is drifted, extracted into sRs e ;
the gas phase and detected as v
proportional light (S2) s ]cjrilz
e

- charge/light depends on dE/dx
- good 3D position resolution

=> particle identification
—p fldUCI_al Vf)|ume cuts PMT array
+ self-shielding



The XENON Experiment

XENON100 XENON1T

10 m

In water Cerenkov shield at LNGS
2011- 2015; construction to start in
second half of 2012

In conventional shield at LNGS
2008 - 2012; taking science data




The XENON100 Detector

= 161 kg of ultra-pure liquid xenon (LLXe), 62 kg in the active target volume

® 30 cm drift gap TPC with two PMT arrays (242 PMTs) to detect the prompt
and proportional scintillation signals




UZH XENON Activities

= Detector calibration (leading the calibration WG)

x Background studies (MG simulations and-background-predictions)
» Data acquisition system, trigger, electronics

»x Analysis (co-leading the analysis effort, together with - Columbia)

x Material screening (leading the screening WG)

x For XENONTT: TPG design/construction (with-Columbia/Rice/UCLA), photosensor testing
(with UCLA/Columbia) and calibration, screening (with- MPIK) and DAQ (with Nikhef), light
collection efficiency Monte Carlos

x |n our UZH laboratory: tests of a 83K calibration source (with the Xurich detector),
measurement of the light yield of low-energy electronics and nuclear recoils (Xtrich), R&D for
XENONTT and DARWIN (with-MarmotX)




XENON100 Materials

»x All detector and shield materials were screened with-dedicated, ultra-low:
background HPGe facilities at LNGS and selected according to-their radio-purity

»x More than 60 components screened

»x Results available (Astropart. Phys. 35:43-49, 2011 arXiv:1103.5831)
The Gator HPGe facility at LNGS

Gator’s background spectrum

Gator at Soudan
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L. Baudis et al., JINST 6 P08010, 2011




XENON100 Backgrounds: Data and
Predictions (UZH PhD thesis, A. Kish)

= Data versus Monte Carlo simulations (no-MC tuning, input from screening values for
U/Th/K/Co/Cs etc of all detector components); no active liquid xenon veto cut

»x Background is 100 times lower than in-XENON10:(the previous XENON-phase)

214Pb 2087 137 : . data (Fall 2009, no veto cut)
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XENON100 collaboration, arXiv:1101.3866, PRD 83, 082001 (2011)


http://xxx.lanl.gov/abs/1101.3866v1
http://xxx.lanl.gov/abs/1101.3866v1

XENON100: Recent Results

Phys. Rev. Lett. 107, 131302 (2011)

XENON100 (2011)
= observed limit (90% CL)
Expected limit of this run:

+ 1 6 expected
+ 2 ¢ expected

XENON100 (2010)

WIMP-Nucleon Cross Section [sz]

6 78910 20 30 40 50 100 200 300 400
WIMP Mass [GeV/cZ]

Green/yellow bands:

1-"and 2-0 expectation, based on
zero signal

1.5 -2 0 worse, given 2 events at
high S1

Limit at Mw = 50 GeV:
7 X 10 cm? (90% C.L.)



XENON: status and sensitivity

x  New dark matter run started in March 2011 ( ~ 203 live days of data)
» Concentration of 8Kr: lower by a factor of 5

x |mproved LXe purity and lower trigger threshold

x Analysis in progress; release of results beginning-of April

= |n parallel: construction of XENONTT-@ LNGS

New XENON100 Dark Matter
science run

XENONI100 (2012)
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Collaboration with theorists, example

x [0 reconstruct WIMP properties, larger aetectors are needed

» Different targets are sensitive to different directions in the my- asi plane
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including galactic uncertainties

Miguel Pato, Laura Baudis, Gianfranco Bertone, Roberto Ruiz de Austri, Louis E. Strigari and Roberto Trotta Phys. Rev. D 83, 083505 (2011)




X DARk matter Wimp search with Noble liquids
/

= R&D and design study for next-generation noble liquid detector

x Physics goal: build the “ultimate WIMP-detector”, before the possibly-irreducible neutrino
background takes over

darwin.physik.uzh.ch arXiv:1012.4764v1

WIMP 100GeV/c?, o = 10 cm?
WIMP 100GeV/c%, 6 = 10%cm?
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Sketch of possible layout for LAr and LXe cryostats in 2vbb: EXO measurement of 1°°Xe T2 S4llili
large water Cherenkov shields Assumptions: 50% NR acceptance, 99.5% ER discrimination

Contribution of 2vbb background can be reduced by depletion


http://xxx.lanl.gov/abs/1012.4764v1
http://xxx.lanl.gov/abs/1012.4764v1
http://xxx.lanl.gov/abs/1012.4764v1
http://xxx.lanl.gov/abs/1012.4764v1
http://xxx.lanl.gov/abs/1201.2402v1
http://xxx.lanl.gov/abs/1201.2402v1

> The WIMP Landscape

= However, goal is not exclusion limits, but WIMP detection!

= Either way, a discovery!

CDMS-II (2010)
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GERDA

= Search for the neutrinoless double beta decay in 76Ge detectors operated in liquid argon
x |nauguration at Gran Sasso in Nov 2010 ) i mtiog o oo

x  Commissioning run until late 2011

~ (B2
ANGI: 958¢g ANG2: 2833g ANG3: 2391¢g

= Physics run with all enriched detectors started in early 2012

3 99°L] :ssew [e}0],

RG2: 2166g
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GERDA Phase |

@ Closed-ended coaxial detectors

@ 8 diodes from HAM and IGEX
enriched in 76Ge

@ 6 diodes from Genius test facility,
natural Ge

o ~ 15 kg of °Ge

Test Klapdor’s Claim
Exposure 15 kg y

Background 1072 cts/ (keV kg y)
Half-life Ty /5 > 2.2 x 10® y

Majorana mass me, < 0.27 eV




GERDA Phase |

@ All Phase I detectors

@ Broad-Energy Germanium
(BEGe) detectors enriched in 7°Ge

o A total of ~ 40 kg of "°Ge

Exposure 100 kg y
Background 1073 cts/(keV kg )
Half-life T;,, > 15 x 10® y

Majorana mass g, < 0.11 eV

Electric potential [V]




UZ/H GERDA activities

= Custom, low-neutron emission: calibration sources (with- PSl)
= Construction, installation, operation of calibration system
= Calibration (weekly) data analysis and data base

= Production/testing of phase-Il BEGe (broad-energy germanium) detectors(together with
Munich, Heidelberg, Tubingen, INEN and Canberra)

x R&D for the liguid argon instrumentation -and light read out in phase ||




GERDA Calibrations

@ 4 strings with 3 detectors each

o 3 228Th sources with
A =10 —15 kBq

@ Park position in the lock of the
experiment

@ Sources shielded by 6 cm of Ta

@ 1 Calibration run per week:

o 2 different z positions
@ ~ 30 min run time per position




The Calibration

Hardware

Rotary
feedthrough

Firmware with 3 functional blocks per lowe-
ring system:
Motor, positioning and error control

LabView Program to

System (UZH

Positioning

@ Measures rotation of spindle

o Correctly calibrated, it gives the absolute position even in case
of a power shut down

@ Accuracy depends on reproducibility of winding of steel band

@ Two optical sensors (reflection light barriers) count holes in
perforated steel band

@ Chronology of impulses of sensors define forward and
backward direction

@ Accuracy depends on distance of holes and sensors and
accuracy of perforation

operate and monitor

all 3 lowering systems




Example of calibration spectrum

Final calibrated spectrum

Phase I: Closed-ended coaxial Ge
diodes, p-type

First string with three natural Ge
T e detectors deployed in June 2010

T First string with enriched detectors

Mean 2614
:‘h:sndf 163.4:5;2 deployed ].n ]U_Ile 2011
Prob 5.883¢-00

e 2615-00 Energy resolution (FWHM®@2.6 MeV):

Const Width 115.2+0.2

Energydep Width  -2.211+ 0.003 3 6 k V 5 k
Step Scale 3.43+0.18 . (& tO Y V

2570 2580 2590 2600 2610 2620 2630 2640 2650
Energy [keV]




First 2-neutrino spectrum in GERDA

76Ge — 1.74 1021 y
(HdM — NIM A522 (2004) 371)

42Ar spectrum
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GERDA Phase Il detectors

= Full production chain tested with depleted germanium

x 37.5 kg of 86% enr-Ge (in form of GeO2) purified to 35.4 kg (94%)

x  Canberra grows enr-Ge crystals & produces BEGe diodes; collaboration is testing these and
provides feedback to production

= All phase Il detectors planned to be produced and tested by summer 2013



