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Abstract. The GERDA experiment, located at the Laboratori Nazionali del Gran Sasso
(LNGS) of INFN in Italy, searches for the neutrinoless double beta (0v33) decay of "®Ge. GERDA
Phase II is aiming to reach a sensitivity for the 088 half life of 10%® yr in ~ 3 years of physics
data taking with 100 kg-yr of exposure and a background index of ~ 1073 cts/(keV-kg-yr). After
6 months of acquisition a first data release with 10.8 kg-yr of exposure is performed, showing that
the design background is achieved. In this work a study of the Phase II background spectrum,
the main spectral structures and the background sources will be presented and discussed.

1. GERmanium Detector Array
The GERDA setup is designed to minimize the main background sources which affected the
previous generation experiments. High-purity germanium detectors are mounted in low mass
ultra-pure holders and are directly inserted in liquid argon (LAr). The most part of detectors
is made from material with "°Ge isotope fraction enlarged to about 86%. The argon cryostat is
complemented by a water tank with 10 m diameter which further shields from neutron and ~
backgrounds. A description of the experimental setup is given in Ref. [1].

A first physics data taking campaign (Phase I) was carried out from November 2011 to June
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Figure 1. Normalized GERDA Phase II spectra, before pulse shape discrimination and LAr
veto, for BEGe (red) and “*"Ge coaxial (blue) detectors. The prominent features and the Qgg
region (where the Ovf33 decay is expected) are indicated

2013 and the results [2] showed no indication of a Ov3 signal. After the completion of Phase I
the GERDA setup has been upgraded to perform its next step (Phase II): the goal was the tenfold
reduction of the background, optimizing the experimental setup, and the increase of the “*"Ge
detector mass. Thirty Broad Energy Germanium (BEGe) detectors from Canberra [3] were
deployed: they allow superior background rejection and have an excellent energy resolution. In
addition an active suppression of background by detecting the LAr scintillation light, consisting
of PMTs and wavelength shifting fibers coupled to silicon photomultipliers, has been introduced.

On December 20th, 2015 the Phase II data taking with all 40 detectors (30 BEGes, 7 ¢*"Ge
and 3 "®Ge coaxial detectors) started. The first Phase II data were released after 6 months,
corresponding to an exposure of 10.8 kg-yr of “"Ge (5.0 kg-yr from “""Ge coaxial detectors and
5.8 kg-yr from BEGes).

2. GERDA Phase II background spectrum

Fig. 1 shows the background spectra of Phase II after quality cuts, and before applying the
pulse shape discrimination and the LAr veto. The spectra for the 2 types of detectors (BEGes
in red and “""Ge coaxial detectors in blue) are normalized by their current exposure.

The spectra show the expected prominent structures: the low energy region up to 500 keV
is dominated by the long-lived 3°Ar isotope (B-emitter with T, /2 = 269 yr and Q = 565 keV);
from 600 to 1400 keV the 2v3[3 spectrum shows up; next the 1461 keV and 1525 keV ~-lines
from 4°K and 42K respectively are visible; 7-lines from 233U and 22Th chains are also visible
and the high energy region (> 3500 keV) shows the a-structures from 2!°Po (Q = 5.41 MeV)
and ?26Ra (Q = 4.87 MeV).

From the pulse shape of the observed « events, it can be determined that they are mostly
located at the p™ contact surface. There is a large variation of the rate among the detectors
(Fig. 2) and the origin of the contamination is not understood.

The time dependence of the a rate in " Ge coaxial detectors shows an exponential decay
with Ty = 177 4+ 36 days (Fig. 3), a value compatible with 210p (Ty/2 = 138 days) and a
minor contribution from 22°Ra chain (constant).

The intensities of the visible or expected 7-lines has been estimated with a Bayesian fit, the
results are shown in Table 1 together with the Phase I values from Ref. [4].

The count rate of “°K is higher with respect to Phase I by a factor of ~ 4. This could be
explained by the increased number of cables and detector holders and by the introduction of
the LAr instrumentation. The rate of the “>K ~-line is about twice compared to Phase I where
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Figure 2. a count rate per detector normalized Figure 3. « count rate versus time for ¢ Ge
to exposure coaxial detectors

Table 1. Normalized count rate of indicated 7-lines: mode and smallest 68% interval or 90% limit

Phase II Phase I
BEGe €"TCoax BEGe enTCoax
energy [keV] rate [cts/(kg'yr)] rate [cts/(kg-yr)] rate [cts/(kgyr)] rate [cts/(kg-yr)]
10K 1460.8 50.375% 55.4133 127552 141721
2K 1524.7 88.0750 113.0723 46.67755 60.677°9
2144 609.3 8.97%% 8.0732 12,0782 g.1+22
1120.3 2.6713 3.672% 6.7749 <29
1764.5 0.810% 2.010% <25 32405
208 583.2 7.6755 <53 <11.0 4.0722
2614.5 10705 17407 0.6197 15404
etann 511 12,6154 119457 165761 10,4724

metallic shrouds shielded the LAr volume from the electric fields surrounding the detectors and
HV cables. Phase II needs transparent non-metallic shrouds to readout the LAr scintillation
light, allowing electric field to be dispersed in LAr hence to move “?K ions. This affects the top
detectors more than the others.

From the ?**U chain the most intense 2'Bi 4-lines are observed with rates on the same level
of Phase I and the ratios between lines of different energy indicate that the 2'4Bi sources are
located not only within the Ge array but also outside. 2°¥T1 -lines (from 232Th chain) are also
visible, the intensities are small as in Phase I and don’t allow to indicate the source position at
such level of statistics. The 511 keV ~-line (“e™ ann” in Table 1) is observed in the spectra too.

3. Conclusions

The study of the GERDA Phase Il background spectrum showed the presence of v and «
structures also visible in the Phase I spectrum. The composition of the observed background
and the localization of the various sources are information needed to build the background
model and to understand which contributions are expected in the region around the Qgg value.
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