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Neutrino-less Double Beta Decay
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Enriched Xenon Observatory

EXO-200



EXO Project & EXO-200 Phase

« EXO searches for neutrino-less double beta decay using 136Xe
= Ton scale implementation either as liquid or gas phase TPC
= Relatively large Q value (2457.8 keV) and straight forward enrichment technique
= 136Ba daughter tagging either in-situ or in external RF cage

« EXO-200 is the first phase using 200 kg of 80% enriched Xe
= Major R&D effort precursory to the ton-scale experiment
= Exploration of the quasi-degenerate region with 136Xe
= Measurement of the allowed double beta decay in xenon T,,, = 2.1x102! years

=NO0 Ba ion tagging but massive progress for radioactive background reduction
and energy resolution improvement (scalable to future detectors)



EXO-200 Detector

* High purity copper cryostat with external cooling
* Liquid xenon TPC with two cylindrical drift volumes
= Charge collection using 114 by 114 wire planes (at 120° pitch)

= Scintillation light readout using 37 groups of 7 bare LAAPD (Large Area
Avalanche Photodiodes) at both end caps

Ultra-low radioactivity materials
Mass minimized around the TPC
Fiducial volume closely enveloped
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EXO-200 Location

» Waste Isolation Pilot Plant (WIPP), Carlsbad (53 km), New Mexico, USA
=650 m flat overburden (salt bed, 20 Bg/m3)
=~ 1600 m.w.e. (muon flux reduction by ~ 1000X)

« Large experimental area available!

Cleanroom modules Utility modules

Detector, cryostat, gas handling UPS, shop, gas containers



EXO-200 Installation




EXO-200 calibration
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EXO-200 residual background
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EXO-200 Performance
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lon Tagging Cartoon
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Resonant lonization Spectroscopy

Use of atomic resonances to selectively obtain a high yield for Ba ionization

Lasers tuned to specific Ba atomic transitions push the atom to a highly
excited state from which it decays to a lower energy ionized state
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Probe Insertion R&D Iin Bern

Test cryostat for probe insertion in liquid Xe TPC
COMSOL based simulations of the electric field configuration




Bern Ba tagging R&D Roadmap

» Cryostat commissioning for liquid CF4 and xenon safe operation

» Electrostatic simulations to determine the best geometry for a liquid TPC
adapted to the insertion of an ion collection probe (good energy
resolution is a priority)

 TPC instrumentation with charge and scintillation light readout followed
by commissioning using muons and gamma sources

* Engineering of the mechanical displacement device along with fluid
dynamics simulations to define the operational parameters for the probe

» Device construction and integration with the cryogenic setup followed by
operational tests using Rn-222 - P0-218 - Pb-214 chain

* Study of the barium ion properties and behavior in a large size realistic
test environment



Conclusion

EXO-200 installed and commissioned
Took & continuing data taking with enriched xenon
Published new limit for the neutrino-less double beta decay!

Measured T,,, for the allowed double beta decay in Xe-136!

Various techniques are explored for barium tagging in
preparation for next ton-scale detector
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Status of the GERDA Experiment
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GERDA physics goals

 Detect the neutrinoless double beta decay in "°Ge
» Obtain information on the nature of neutrinos and on the effective Majorana neutrino mass

» Ge detectors directly submersed in
LAr

= | Ar as cooling medium and shielding
(U/Th in LAr < 7x104 uBg/kg)

= a minimal amount of surrounding
materials

* Phased approach with existing and | s
new enriched detectors , Watertank |
"SI with HP water

= increase target mass

[ T P I T N A e N T 2 Ve Pl 2 V]

= uruier regucuort O uaCkyrourius vy
LAr instrumentation and improved
single- versus multiple-site interactions




The GERDA Experiment

e HPGe detectors in liquid argon (?38U/232Th in LAr < 7x10* uBg/kg)
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GERDA physics goals

« Phase |: ~15 kg "®Ge detectors; background: 102 counts/(kg keV yr)
« Sensitivity reach after an exposure of 30 kg years:

Claim of evidence for Ovbb-decay:
signal: 28.8 + 6.9 events

T1(/)2V > 30x10%® yr BG level: 0.11 counts/(kg keV yr)
HVKK et al., PLB 586 (2004) 198-212

<m > <027eV If claim true, phase | will see:
ve signal: 13 events

BG: 3 events
(in 20 keV window around Q-value, 2039 keV)

e Phase II: ~ 40 kg enriched "°Ge detectors, background: 103 counts/(kg keV yr)
« Sensitivity reach after an exposure of 150 kg years:

T, >15x10%yr
(m,)<0.1leV



background index ( cts/(keV kgyr))

GERDA low-background spectrum

« Background goal of ~ 102 events/(kg yr keV) was reached
* Phase Il (BEGe) detectors in production and testing

e LAr instrumentation (PMTs or SiPM & scintillating fibers) in development
* End of phase | and start of phase Il: spring 2013
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GERDA low-background spectrum

* Analysis of 2-neutrino decay mode - paper to be submitted within this month

exposure : 6.1 kgyr
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Swiss (and other) involvement

» University of Zurich + 17 institutions from 6 countries (100 members in total)

organigram of GERDA

\ MOS/RAE: MarcoBalata _J htto://www mpi-hd mpg de/serda January 26, 2012

< sonman ﬂh-IGS. INEN Gran Saess M. Junker \

TG1: modification & test of existing diodes c ", Woiclk
TG2: design & production of new Ge diodes A Caldwell facow St
TU Dresden K. Zuber
TG3: front end electronics €. Cattadori INE Dub V. Brudani
TG4: cryostat & cryogenic infrastructure K.T. Knoepfle :EEEI uana M Hult
TG5: clean room & lock system B. Majorovits MPIK Heidelberg \. Hofmann / M. Lindner
TGB: water tank & water tank C. Cattaderi E
Milano Bicocca & INFN E. Bellotti
TGT: muon veto P. Grabmayr / 5. Egorov
A INR Moscow L Berrukoy
TGB: infra structure & logistics M. Junker
ITEP Moscow L. ¥ipirchnivay
TG9: DAQ & online software B. Schwingernheuer / R. Brugnera
- - Kurtchatov Moscow V. Lebedev
TG10: simulation & background studies L. Pandola
TG11: material screeni H. Simgen / G. Zuzel MEL-B Munich e
e e TU Munich 5. Schanert
. Padova University & INFN A, Bertini
) . Shanghai liaotong ®.liu
TG14: LArGe A. Smolnikov / S. Schénert EKUT Tabingen 1. lochum




UZH contribution

» Calibration system for phase I. hardware, software (positioning and controlling), data
analysis, monitoring; low-neutron emission 228Th source built together with PSI

» Three systems built/tested at UZH, installed in GERDA; working reliably since summer 2011
(about 1 calibration run/week)

stem Control Unit

Firmware with 3 functional blocks per lowe-
ring systen:
Bt posiboning and ersor control

LabView Frut‘;r.!m b0
operate and  monitos




GERDA calibration

10°
1F
10 ¢
= -
= _
= ik
8 107 F
1k
107 F
1 E
10° F
-I -
107 ¢ a4 f wv| | sy
_ | mez ||,
L R ol 1 ki b . i el ud’ | “v'r'*rr-rh#.ﬂ TN B
! 4 i i |77!71 i i |7!771 i i |7}77i !i 1 |77I771 i i i7TIII - T T | .72%151!53';)1’
0 500 1000 1500 2000 2500 550 600 2550 2600
GIRDA drw®
energy [keV]
7 energy resolution for ?*Th @ 2614 keV :

weekly calibrations

i,;,":,.“‘*—ﬂ——*ﬁ*—“—"_" ----------- UZH maintains database with calibration
parameters

checks stability versus time

here: example of energy resolution at 2.6 MeV

(FWHM) f

resolution [keV] {FWHM)
[ L2

S

23

- h
'I'I'I'1Tr'|'|'|'|'1r||||11r||||l|r||||lur||||

¥
i
|
|



UZH contribution

* R&D on phase Il (broad-energy Ge) detectors

« Full production chain successfully tested using 9PGe material

* Now production and testing of ®"Ge detectors (to be finished by summer 2013)

 Light shifting for LAr instrumentation of phase Il (LAr cryostat + PMT +HPGe detector in UZH
lab)

» Calibration system for phase Il (similar to phase |, additional systems)

* Analysis (PSD, backgrounds) and MC simulations

— & tests




