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A very short introduction: Ovp-decay

Ovpp-decay:

Neutrinoless mode of double
beta-decay only possible if:

* Neutrino has Majorana character

* Helicity flip can occur in the vertex

Effective Majorana neutrino mass contributes to Ovpp-decay rate:

1/[4] =G(Q>Z) M,,q°

2
OVBBﬁm&y?Phase space- Matrix  Effective Majorana

rate factor
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A v ery short introduction: Ovpp-decay

Observation of Ovpf} decay:

e Lepton number violation! I B I e s

&
« Neutrino must have %
Majorana nature!
! » Determination of absolute
mass scale?

e Mass hierarchy of
e Neutrinos?
m  Information on CP

violating phases?

CP violating Majorana phases could be
responsible for Baryogenesis via Leptogenesis

GERDA status report 3
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A very short introduction: GERDA
Operate ,,naked* HPGe detectors directly in ultra pure cryoliquid (G. Heusser, 1995)

Clean room > ~— x
' '- : ' <% ——1 Lock system

. | Cryostat with
N\ internal Cu shield

|4 A
-| :‘
l 1
I ¥
| !
{
¢ Water tank —a %’
§ with HP water » A
and [¥]-veto | : =
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A very short 1ntr0duct10n GERDA

Eur. Phys. JC |_3I}I 3.:: '.";‘1;2.‘13-:] . THE EURGPEAN
DOT 100 1 4 epyois 10052-013-2330-0 PH‘I"SlEAL JUUHNAL C

Regular Article - Experimental Physics

The GERDA E‘EpEl‘lInEIlt f{]II' the SE"il‘Ch of 0vBp decay in "°Ge

Phase I: reach BI 0 01 cts/(keV kg yr) 9 Tl,2 sensitivity: 2102 yr (test KK claim)
ase II: reach BI 0.001 cts/(keV kg yr) > T, sensitivity: ~ 10%¢ yr
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A very short introduction: GERDA

GTF 112 ‘5

Installation of phase I detectors :

Deployed all phase I detectors in Nov. 2011
together with one natural HPGe detector

GERDA status report
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Phase I data taking
Live time & duty cycle 9th of Nov — 5th of Jan 2013

v v GERDA 13-01
= live time & exposure
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Phase I data taking
Total exposure and BlIs until 15th Apr. 2013:

Time stamp of first event: Wed Nov 9 17:50:20 2011
Time stamp of last event: Mon Apr 15 00:52:16 2013

(Live time: 456.15 days,
after recovery of some data from unstable runs)

Dataset Exposure | Cnts in BI 5 F —
: 1930-2190 (200 keV) o
[kgyr] | 200keV | [cts/(keV kgyr)] [© F o _
window o 3
golden 16.721 58 0.017:£0.002 2k
silver 1.304 17 0.0650.016 | "*F _!
BEGe 2.287 21 0.046 =0.010 it
All enr 20.312 96 0.024 £0.002 | os/- | L
Nat 5.910 52 0.044 +0.006 1e00 " igs0 000 500 S50 2300
Energy (keV)
%
no PSA applied Exposure with Phase I detectors: 20.00 kg*yr on April 8th 2013
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Phase I data taking

Natural vs. Enriched detectors:

s Lk ; . g
§ - enriched coaxials, 13.65 kg x yr :
E B natural coaxials, 4.69 kg x yr 8
3 10|\ 33 : :
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GERDA phase I background improved by order

of mag. wrt earlier experiments.
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Phase I data taking

New measurement of T, ("Ge) published:

= ST 10P PUBLISHING JOURNAL OF PHYsICS G: NUCLEAR AND PARTICLE PHYSICS
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ase I background decomposition:

enriched coaxials, 13.65 kg x yr

GERDA 13-01
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Bi-214 2204 keV
TI-208 2614 keV
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Phase I background decomposition:

enriched coaxials, 13.65 kg x yr

226Ra (E, = 4.8 MeV,
T,, = 1600 y)

210p0

GERDA 13-01

222Rp (E, = 5.5 MeV,
T,, = 3.8d)

10

2R 218pg (E, = 6.0 MeV,

214pg
= | | | L H“‘ﬂll‘ln n Lnn. | 214pp (T1,2 = 0.45 h)
2000 2500 3000 3500 40()0 4500 5000 5500 6000 6500 7000 7500

energy (keV)

—

214Bj (T, , = 0.33 h)

214po (E, = 7.7 MeV,

Range of 4 MeV - 9 MeV O: T4 =164 ps)
214 um-41pminGe | scccccccccca==-.
groove -
>34 um — 113 pm in LAr “Pb (Typ=22.3y)
: iy . 210Bj (T,, = 5.01 d)
n+ (Li) Possible origin of a-induced
~2mm events: 21%po (E, = 5.3 MeV,
- Separate ?2°Ra and ?'°Po T,,=138.4 d)
contaminations on thin dead
layer (thinDL) surfaces. 2°Pb (stable)




LNGS Scientific Committee, April 16 2013

e I background decomposition:
ate in 5.3 MeV peak and E>5.3 MeV as fct. of time:
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> — GERDA preliminary . data
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Phase I background decomposition:

Background decomposition:

T
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energy (keV)

7500

a-peaks are crucial for
understanding background
in Rol (contributions from
226Ra decay chain)

Binned maximum likelihood fit
Fit window: 3500 — 7500 keV
p-value: 0.7

data: 49 events in Rol

a-model: 4.55""%°
events

-

~ 9% contribution from
a - tails

2140

14
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Phase I background decomposition:

> imi dat
CHRL GERDA preliminary _gﬁ‘)gal model
o
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10_1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 -'-_ 1 1 1 1 I 1 1
1000 2000 3000 4000 5000 6000 7000

energy (keV)

Binned maximum posterior fit to the sum enrGe coax spectrum in
(570 — 7500) keV window

Background components considered:
42K, 40K, 214Bj (from 222Rn & 225Ra chains), ?28Ac & 228Th (B- / y-induced
events)

and a-induced event model
p-value of the fit: 0.3
Prediction for Bl consistent with interpolation of Bkg

- 0vpp analysis independent from background model!
GERDA status report 15



Béla Majorovits _~—~ LNGS Scientific Committee, April 16 2013

Phase 11 detectors

The Voyage of the enriched germanium

Transports i

shielded
m}jﬁIED VE container,
"= storage
_ underground
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Phase 11 detectors

lonitoring of exposure to cosmic rays: Production history

H H enr . Ge-68 Production in Diode 13137_P2476BB with 0.384 kg
ion actvity in e""Ge: »s , | , , , , , , ,
~1600 %8Ge kg,

~10.000 °Co kg-1 “characterization”
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Phase 11 detectors

i - Argo HV scan : °°Co
S 7:_ o 1173 keV peak
z 6 o 1332 keV peak
_ - Ty
| e :
T S
~ 50 m clay = é 8
3:— @ i
C U g
2._
= BBopggBeEARSESH
1——|||||||||||||||||||||||||||||||||||
223 m underground ~500 m w.e. | 1000 1500 2000 2500 3000 3500 4000
oltage
HEROICA team: All 30 detectors according to specifications:

Measured main operational paramters, active  Bias voltage < 5000kV, E-resolution @

volumes, dead layers and pulse shape 1.3MeV (FWHM) < 1.9 keV (0.14%)
parameters for all 30 BEGe detectors

o ndf 15477114 I ndt 15.3/94

; > area 4835+ 41.6 area 429539.0

H HD HD i : sigma  0.6689+ 0.0045 C sigma 07054+ 0.0049

p C 1 I 2. ! centroid 17300 centroid 1332+ 0.0
i_ bgRight  12.11:048 1E bgRight 1.22£0.19

i 3 [ 10°F bgl-bgR  9.384+0.794 bgl-bgR  2.693+0.336

15 Scale | 7 L
PC i : iEIevatorE

1m
mBRE .
A Brady Morla Garfiel @.. :
. O}

PD: Automatic scanning table (PaDova)

HD: Static tables (HeiDelberg)

S:  Security gate

D: Queue of cryostats with diodes to be screened
RS: Save with radioactive sources

[EL: Electronics for DAQ

I\I
[T
S U PR T P Y O PP O “NH

1155 1160 1165 1170 1175 1180 1185 1190 1315 1320 1325 1330 1335 1340 1345 1350




LNGS Scientific Committee, April 16 2013

Phase 11 detectors
Background of enriched coax and BEGe detectors:

% = enriched coaxials, 13.65 kg x yr —| I
= = <
------- o | enriched BEGes, 1.51kgxyr —| §
% 10* =k 9 Ar ﬁ' :q; :‘; scaled to exposure of enr. coax
3 - & N
8] | —
> > >
H © dolo o
' .
10°5 | 2vpp T T ol o«
s o —
0 Mgl ([
! <l
1P —l— O
B Qe o
N il mm
105 'ﬁ | ‘
i !
5 SR |
0 1000 2000 3000 4000 5000

energy (keV)

BEGe BI: (0.046+0.010) cts/(keV kg yr
Without pulse shape analysis and L
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Phase II hardware preparations

Mounting of new GERDA phase 11
infrastructure ongoing

Cable bands for new lock being
produced, partly ready

Upgrade of GERDA infrastructure
planned for summer 2013

GERDA status report
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Phase II hardware preparations

Background rejection by detection of LAr scintillation light
“hybrid solution” (supported by MC with light tracking):

SiPMs connected to fibres Low background PMTs

simulations show: reduction of background to
GERDA status report 0.001 cts/(keV kg yr) seems realistic
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Phase II hardware preparations

Integration test with two BEGes and new very front end electronics:

h FE ribbon

Spectra taken in LAr:
\/ cable: signal Long term stability seems ok

trasmission side.|  Fpergy res. good: ~2.6 keV @ 2.6 MeV
PSA: 1.1% A/E (FWHM)

FWHM Stability - CC3_130408 - MiB-BEGe - GDL - 2 KHz - ch1

26 I [ S

pulser(~

2614 KeV +—+—
583 KeV ——+—
238 KeV —+—

1000KeV) +—+—

noP!

UR

PUR

FWHM (KeV)

P
J'populated 14 A TS W S S

side. : 12

C l ‘of BEGE deteCtors,

@Steel holders,; ;. %6005 1 15 2 25 3
: » \ time (h)
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CONCLUSIONS:

nri ials, 13.65 kg x yr —
eeeee iched BEGes, 151kg yr

8
>
=

=,

GERDA preliminary

data
—global model

<
=
=

K-40 1461 keV
K-42 1525 keV

Bi-214 1765 keV
Bi-214 2204 keV

TI-208 2614 keV
events/(30 keV)

|

1 1 1 1 1 n
1000 2000 3000 4000 5000 6000 7000
1000 2000 3000 4000 5000 energy (keV)
energy (keV)

* Phase I design exposure 20 kg yr reached beginning of April
« Background index of golden data set close to design goal

e Prediction for BI in blinded window is ,,stable*

e Unblinding of Rol in June

* Five BEGes taking data since July 2012

 Hardware for GERDA phase II in preparation

* Transition to Phase II will start in July
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D

e GERDA : Status of phase I

Energy calibration of all detectors:
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A : Status of phase I

ackgrounds lines in HdMo and GERDA experiments

isotope energy [keV] "lGe (3.17kg yr) “Ge (6.10kg yr) HDM (71.7kg yr)
tot/bek [cts] rate [cts/(kg yr)] tot/bek [cts] rate [cts/(kgyr)] rate [cts/(kg yr)]
WK 1460.8 85/15 2177338 125/42 135733 181£2
80Co 1173.2 43/38 <5.8 182/152 48128 55+1
1332.3 31/33 <38 93/101 <3.1 S1£1
137¢s 661.6 46/62 <32 335/348 <5.9 28242
Ac 910.8 54/38 51735 2947303 <5.8 298+ 1.6
968.9 64/42 6.9733 247/230 27438 17.6 % 1.1
2087T) 583.2 56/51 <6.5 333/327 <7.6 36+3
2614.5 972 2171 10/0 1.5%0% 16.5+0.5
2l4pp 352 740/630 340t 1770/1688 12.5733 138.7+4.8
214p; 609.3 99/51 15.1439 3517311 6.8737 105+ 1
1120.3 71/44 8.4733 194/186 <6.1 26.9+1.2
1764.5 23/5 54712 24/1 3.6700 30.7+0.7
2204.2 52 08703 6/3 04104 8.1£05

Eur. Phys. J. C (2013) 73:2330
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