Motivation

Double beta decay (2vBp):

Neutrinoless double beta decay (0vBp):

2vBp

o If single beta decay is energetically "
forbidden certain isotopes decay via
double beta decay (2vB[3)
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 In the standard interpretation the Ov[3p is
realized via the exchange of two light
Majorana neutrinos

* (A)Z) » (A Z+2) + 2€°
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 Observed in 11 isotopes, e.g. "°Ge, 13°Xe

» Lepton number is violated by AL=2

Te 0vBB = physics beyond Standard Model
* 2vBP half-life of "°Ge [1] - :p
W _ What else do we learn from OvBp ?
ly ° « Effective Majorana neutrino mass
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* The neutrino mass hierarchy
Signature & Method
external y background
Measure the sum energy of the two electrons: 288 p e.g. 208T], 214Bij:
\Y ’ '

» 2V is a continuous spectrum as 0003
both neutrinos escape the detection

* OvBP gives a peak at Qgg = 2039 keV

* In the presence of background the sensitivity
to the lower limit of the half-life scales as 0
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deposition in several
0Ovpp ) :
locations in and
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— multi-site event (MSE)
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€: detection efficiency, a: active volume, Mt: exposure [kg yr ],
AE: energy resolution, BI : background index [counts/(keV kg yr)]

Concept: Source = Detector
» Concept provides a high detection efficiency
 HPGe detectors are isotopically enriched
in °Ge (~ 87%)
» Germanium detectors have an excellent energy
resolution (0.1% FWHM)
* Qpp = 2039 keV is low compared to possible background

a or B decays, e.g. “°K,
219pp, on detector surface
(or close by) deposit
energy onn’ or p*
contact - surface even

— passive and active background reduction techniques are required

Pulse shape discrimination for semi-coaxial detectors

clean room

with lock

590 m3 pure water

Cherenkov veto

64 m° liquid argon
coolant & shielding

BP event (=signal):
local energy deposition _
- single site event ‘

(SSE) ,»
‘:
GERDA Phase I (Nov 2011 - May 2013) [2]
e 4 strings with HPGe detectors
- 5 detectors from HD-Moscow experiment
- 3 detectors from IGEX
- 5 new BEGe detectors

» Total exposure 21.6 kg yr
events from

cosmogenic isotopes,
e.g. °°Co, in Ge Abbreviations:

deposit energy PSD - pulse shape analysis
in several locations MSE - multi-site event

— MSE SSE - single-site event

FEP - full energy peak
SEP - single escape peak
DEP - double escape peak

Pulse shape discrimination for BEGe detectors

e s * The weighting potential determines the induced current signal for different r * The induced signal is determined by the weighting potential weighting potentia
2 o signal on the read-out electrode for drifting charges 7 F * In PSD the signals for different event types are analyzed to I
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Results for Ovpf3

OvBP analysis:

 In a blind analysis the background model [3] as well as
the quality and PSD cuts [4] were fixed prior to opening
the ROI at Qgg.
» After cuts the background index is
1.0(1) x 10 counts/(keV kg yr)
* No peak is spectrum at Qgg + 20, the number of
observed events is consistent with background

O _ In2-N
T7)5 = e NowM -t fr6 - fav - €FEP - €PSD

N,: Avogadro's constant, Mt: total exposure, m.,,:75.6 g molar mass,
N%: observed signal strength, f: fraction of "°Ge, f,,: active volume fraction,
€pgp- Signal acceptance by PSD, erpp: efficiency to detect full energy peak

* To derive N% a profile likelihood fit of the data is
performed
- flat background + Gaussian in 1930-2190 keV range
with mean at Qgg and standard deviation og
e Background of the data sets and 1/T%;, are free
parameters in the fit
* Best fit valueis N =0
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after cuts (gray):

« ~ 2 bck counts expected

* observed 3 counts

» expect ~ 6 counts for a half-life of
1.19 x 1029 yr

1.19 x 10% yr\ Number of events in QBB + 20E
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= No signal observed at Qgg
The limit on the half-life is [5]

17, > 2.1 x 10%yr (90% C.L.)
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* The claim [6] of a 4.20 signal for OvBp decay of
5Ge with half-life of 1.19 x 10%° yr is ruled out by
GERDA with 99% probability

Outlook Phase II

Transition to GERDA Phase II is ongoing. The upgrade includes:
» Additional 25 BEGe detectors with
- an additional target mass of ~ 20 kg
- a better energy resolution compared to coaxial detectors
- an enhanced pulse shape discrimination of signal
and background (see PSD for BEGe)
» Specially designed low mass detector holders and electronics
o A light instrumentation of the LAr cryostat to use the
scintillation light produced in LAr by background events as
anti-coincidence veto

The PSD has proven to be an efficient active background

reduction technique. Together with the LAr veto we expect to reach
* a background < 10~ counts/(keV kg yr)

e and T%,, values in the range of 10 yr
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