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The GERDA experiment
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| GERDA Phase | is complete
|« no OVPP signal observed
| long standing claim claim strongly disfavoured |
 new limit on OvBR half-life of 76Ge
T12 > 2.1x1020 yr (90% C L.)
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GERDA sensitivity

» extremely low background | [ 107 countsitkgy keV)
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Phys. Rev. D75, 092003 (2006)
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Overview of Phase | data taking
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e data taking: Nov11-May13 (492 days) °'1°:
* average duty cycle 88% 0.05[~
* bi-weekly calibration 228Th (“spikes”) -
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Blind analysis

e blind region: Qgp = 20keV
* pbackground model published betore unblinding
e data processing, quality cuts and statistical analysis

fixed prior to unblinding

Cutout because of background line

i-ZOkeV ﬂ
Blinded Window E (keV)
>

+100keV
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Phase | energy spectrum
;;104 o P enriched coaxials, 16.70 kg x yr ' _;O;Z\ exposures for BG analysis
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No contribution at Qgg : “°Ar, 2VBB, 40K, 228Ac
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Screening results

Component Units 4 214Bj and ?*°Ra i M 22Rn BI [1073 cts/(keV kg yr)]
Close sources: up to 2 cm from detectors

Copper det. support uBg/det. e <13 1.9 <0.2
PTFE det. support uBg/det. 6.0 (11) 0.25 (9) 0.31 (14) 0.1
PTFE in array uBg/det 6.5 (16) 0.9 (2) 0.1
Mini shroud uBg/det. 22.(D 2.8
Li salt mBqg/kg 17 (5) ~(0.0032
Medium distance sources: 2—-30 cm from detectors

CC2 preamps uBg/det. 600 (100) 95(9) 50 (8) 0.8
Cables and suspension mBg/m 1.40 (25) 0.4 (2) 0.9 (2) 76 (16) 0.2
Distant sources: further than 30 cm from detectors

Cryostat mBq 54.7 (35) <0.7
Copper of cryostat mBq <784 264 (80) 216 (80) 288 (72) :| <0.05
Steel of cryostat kBq 12 <30 <30 475

Lock system mBq 2.4 (3) <0.03
228Th calib. source kBq 20 <1.0

2 Value derived for 1 mg of Li salt absorbed into the surface of each detector

* hardware components tested for radio-purity prior to installation
* radon shroud around the array to keep 222Rn in LAr away from detectors

expected Bl contributions ( cts/keV kg yr)
close (<2cm) ~ 3*10-3, medium (2-30 cm) ~ 108, far (>30cm) < 103
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Simulation of background

Location
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Simulation of background sources
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Statistical analysis

Posterior probability:

fP(ﬁ\)\)PO()\)d)\
Likelthood:

—\; )\nz

P(I|\) =

HP (73] Aq)

expected number of events in bin i
for model components M :

Ai = Aiu
M

expectation from model component M
In the I-th bin :

Ai.vt = Ny fu(E)dE
AE;

=117

)

Maximise posterior probability
Markov Chain Monte Carlo

in Bayesian Analysis Toolkit (BAT)

A. Caldwell et. al.,
Comput. Phys. Commun. 180, 2197 (2009)

Fit 3.5 - 7.5 MeV spectrum first
determine a-contribution

Fit 570 - 7500 keV range
a-spectrum best fit and other
background components

Two models constructed:
e Minimum model
only well motivated close sources
e Maximum model
additional medium anad
far distance sources
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a-spectrum fit
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Background decomposition
(enriched coaxial detectors)
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Eur. Phys. J. C (2014) 74:2764
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Background decomposition
(BEGe and natural detectors)
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Activities

Source Location Units GOLD-coax GOLD-nat GOLD-coax
Minimum Maximum Minimum Coincident

B i det. assembly uBq/det. 152 [136, 174] 151 [136, 174] 218 [188, 259] 252 [164, 340]

e LAr uBqg/kg 106 [103, 111] 91 [72, 99] 98.3 [92, 108] 168 [150, 186]

S p™T surface uBq 11.6 [3.1, 18, 3]

- n™ surface uBq 4.1[1,2,8.5]

g det. assembly uBq/det 4.9 [3.1, 7.3] 3211.6.56] 2.6 [0, 6.0] 5.0 2.5, 75]°

60Co° Germanium uBq >0.42 =028 6 [3.0, 8.4]

2l4p;e det. assembly uBqg/det 35 [31, 39] 15 [3.7, 21.1] 34.1[27.3,42.1] 40 [28, 52]

2R LAr close to p™ uBqg/kg <299.5

Hpim Radon shroud mBq <499

2l4gic p™ surface uBq 2.9[2.3,3.9] 3021407 1L.6[1.2 2.1]°

B det. assembly uBg/det 1511127, 183] 5.5[1.8, 8.8] 15.7 [10.0, 25.0] 9.4[7.9, 10.9]

228 NP det. assembly uBq/det 17.8 [10.0, 26.8] =157 25.9[16.7, 36.7] 33 [18, 48]

28T Radon shroud mBq <10.1

228 A Radon shroud mBq 91.5[27,97]

228 ThHt Heat exchanger Bq <4.1

Both minimum and maximum models describe the observed spectrum well

Most significant contribution from close sources (p+/n+ surfaces)

All components expected from screening are observed
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Cross checks

 Extracted 2vpBg half-life from fit results is consistent
with previous dedicated analysis
(J. Phys. G 40 (2013) 035110 )

e Excellent agreement of y-lines count rates
between model results and data

* Fitis stable under different binning choices
and individual background component assumptions
(10% variation of background index in Qgg region)
« (Consistent number of BiPo coincidences between model and data

* (Consistent number of p+ surface events

 (Consistency in derived activities for coincidence spectra
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Background Index at Qgg

Minimal model (well-motivated contributions)

% % B data — 2vPBP Th228 H Co60 H ;
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10" 1 .
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1.0
05
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. e _ excluding 21Bi (2104 keV) and
< = Pdata — 2vpBp Th228 H Co60 H 214 LAr ?
% 10° =— UB data = = = Alphas Ac228 H — Co060 Ge —Eizij ;A % 208T| (21 19 ke\/)
o =  — model — Bi214 H — K42 LAr K42 p+ — Th228 HE
10 ;— — Bi214 p+ ---K40H - = K42 n+ Th228 S
= Ac228 S
d:| * Dbackground index at Qgp
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Phase |l LAr instrumentation

photomultiplier

copper shroud
with Tetratex lining

detector array

fiber curtain

copper shroud
with Tetratex lining

photomultiplier

Liquid Argon scintillation
as background veto
« PMT arrays on top and bottom

e Si-photomultipliers coupled to WLS fibers

Suppression factor
(AC + LAr veto + BEGe PSD)

228Th : 433.1 = 30.7
226Ra . 29.4 + 2.5

> a8
[5) ]0 E ?_, 22 . .
—:n‘ — GERDA preliminary June 2015 = "Ra calibration run
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Summary

Phase | background
an order of magnitude lower than HdM and IGEX

GERDA background model consistent with observation
Background dominated by close sources
Flat background at Qgg

Higher background than screening expectation
Possibly due to detectors surface contamination

Further mitigation of background in Phase |
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