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GERDA motivations

The GERmanium Detector Array experiment is an ultra-low A=76 ——
background experiment designed to search for 7°Ge 0v3/3 33As B
decay.
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First goal of GERDA:
check the HdM claim
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information on the absolute mass scale!
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°Ge Ov3/3 experiments

HPGe detectors technology (ionization)

Ge as source and detector
in a low background environment.

76Ge natural abundance: 7%
— enrichment is required => 86% "°Ge

Advantages
@ 4m solid angle

@ Industrial techniques and facilities
available to enrich the material

@ High purity

@ Excellent energy resolution

Disadvantages

@ Low Qgp value
(lower than 298T| 2614 keV)
—> background

@ Enrichment is expensive

Measured quantity for 33 events:
sum of the electrons kinetic energies

2u33: energy range 0 to Qg (a part of the
released energy is carried away by neutrinos)
Ovf33: constant energy Qsg
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(e isotopic abundance, e detector efficiency,
M detector mass, AE energy resolution,

B background index, t measuring time,

A isotope molar mass)

Low background = better sensitivity!
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GERDA @ LNGS

= mmmm The GERDA experiment is
hosted in the Hall A of the

GERDA @ LNGS, ltaly Gran Sasso Laboratory
) - A /X (INFN)

Q &

Suppression of u-flux> 10°
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he GERDA setup

Main features

Water tank
2 =10m
h=89m

Viwater = 580m>
The water tank acts as an
active Cherenkov veto

Cryostat

g =4m

H =5.88m
Filled by LAr

LAr
Volume ~ 64m3
T = 88.8K

Naked detectors in LAr!
LAr — Passive shielding, Cooling, Active veto detecting scintillation light (Phase II)
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The GERDA detectors configuration
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Detectors are organized in strings - Low mass holders

8 enriched detectors + GTF112 in the 3-string arm.

Total mass of enriched detectors: ~ 17.7 kg

ANG detectors come from HdM experiment, RG detectors come from IGEX




Events identification

How to understand the nature (signal or background?) of events around Qgg ?

@ First step: filter events in coincidence with a signal

@ from muon-veto

@ from liquid Argon instrumentation (Phase Il)
@ Second step: discriminate Single & MultiSite Events

SSE: 38, DEP MSE: Compton

SSE MSE
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00 /00

Second step approaches:

@ Anti-coincidence of detectors

@ Pulse shape analysis
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GERDA Roadmap

@ Phase | (15 kg: yr) Started
Detectors from HdM & IGEX
B ~ 0.01 counts/(keV-kg-yr)

@ Phase Il (100 kg yr)

—— No background
------ 10* counts/(kg- keV-y)
25 |- ==~ 10° counts/(kg- keV-y)
— = 107 counts/(kg- eV y)
— Claim

172
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+ New GE detectors (BEGe, ~ 20 kg)
B ~ 0.001 counts/(keV-kg-yr) 1o /’,,0'—01—"
@ Phase Il 5 Ko
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3.17 kg- yr (nat) Date
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Phase | detectors resolution (FWHM) - 226Th sources
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GERDA draft

energy [keV]
Energy calibration is performed by using 7 prominent lines, in the window 511keV-2614keV
Only 6 enriched detectors considered in the analysis (total mass: 14.6 kg)
Two detectors present stability (LC) problems 9/20



Enriched detectors - sum of spectra
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enriched detectors, 6.10 kg x yr

‘GERDA draft
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K-40 1461 keV
K-42 1525 keV

10?
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Bi-214 1765 keV

Bi-214 2204 keV
TI-208 2614 keV
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Black band: blind region (Qgg £ 20keV). Since January 2012, we are not analyzing the data
in the blind region, to be unbiased in the background extimation.
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Radioactivity in argon

We are seeing the effects of two radioactive Argon isotopes: 39Ar and *2Ar

39, B 26007, Q=565keV 39, Enriched detectors inside the minishrouds

Expected, clearly visible, and not a background for GERDA!

a2y, B732.97,Q=600ke 43 BT ,12.36h,Q=3525keV 43
The 1524.7keV line arises from the *?K decay (BR 17.6%).
Rate 2x than expected! These photons are not a concern,
but the B emitted in the decay of 2K is a possible
background!

Treating the 2K problem

@ The initial decay 2ar — 42K produces the daughter
in a charged state, which can drift close to the
detectors under the action of electric fields.

@ Background source only if 42K comes very close to
the detectors.

@ A string of detetors can be surrounded by a Cu
shield, the minishroud, (¢ = 11.5cm,
thickness=60pm) to limit the drift of ions
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Natural and Enriched detectors
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76 Ge 2v33 spectrum is obiouvsly more significant in enriched detectors!
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Spectrum decomposition

Model fit where the 2053 the dominant component.
(Component spectra from Monte Carlo simulations, full GERDA geometry, GEANT4)
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Background index around Qg3

Background index

(Qpp * 200keV minus blind region and 21Bi line — window size: 350 keV)
0.0204:(2)'%%?1 counts/(keV-kg-yr) for enriched detectors

0.010
0.048"9

‘010 counts/(keV-kg-yr) for natural detectors

Design goal of Phase | (0.01) not quite reached, but greatly improved ( by a factor of 6 )
with respect to Heidelberg-Moscow

Most likely from a combination of Compton continuum from Th/U, residual 42K, degraded a,

cosmogenic isotopes (6°Co, 68Ge)

Enriched detectors, 6.10 kgxy

counts/(5 keV)

Il UL L0 J0 L Tl
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Counting rate @ 2614

HdM :~ 16.5 + 0.5 counts/(kg-yr)
GERDA:~ 1.6 £ 0.5 counts/(kg-yr)

10x reduction!
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Phase |l - BEGe detectors

Phase |l detectors have been chosen to ensure a superior PSD. We tested the point-contact
BEGe from Canberra, and found them OK for Phase Il - JINST 4 P10007
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BEGe production and testing ongoing!
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Phase Il - Liquid argon instrumentation

We are testing a PMT-based approach to the LAr instrumentation for Phase Il in LArGe
(a smaller GERDA facility)

Combining the superior PSD of BEGe (Phase Il detectors) with the LAr veto, we measured a
suppression factor ~ 0.5 x 10* around Qgp for a 228Th calibration source.

without veto s
with LAr veto
with PSD cut
with veto &

counts [#]

bl o

0 500 1000 1500 2000 2500 3000
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GERDA Software Framework

GELATIO: a general framework for modular analysis of high-purity Ge detector signals
JINST 6 (2011) P08013

@ Written in C++ / ROOT

@ Managing different data sources in a common way
@ Modular design

@ Signal processing features
@ Fully integrated with a database

The graphical

a Gelatio-GUI
Flle View Help

o x

user interface

a Gelatio-GUI
File View Help

demoDataSetini |
Files  Event viewer | Modules | Summary | Event analyzer |
Close

o View |

demaDatasetini |
Files | Event viewer | Modules | Summary. Event analyzer |

Close

event [

o Anayas |

E

event|

"~ [to_ Wavetoms [rows] s 2 coumns] 1 2| Toptetcramet] 5]

Chamei]

Task list:

Event viewer

Event analyzer
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The collaboration
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Conclusions

Phase | data taking started on 1.11.2011

Data acquisition: ongoing. Current duty cycle: 78%

Detectors are stable except for two enriched detectors which present LC problems
Today enriched exposure: 6.10 kg-y

Current background index: 0.020 counts/(keV-kg-yr)

Background seems much lower than in previous experiments (HdM & IGEX): GERDA
concept validated

2vB3 spectrum well visible
A model with 2v33, 42Ar, 40K and 214Bi well fits the 600-1800 keV energy window
Phase | completition: Spring 20137

Phase Il in advanced state of preparation. Features: BEGe detectors (enhanced PSD),
Veto by LAr scintillation light...
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Thank you for your attention.
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