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Probing the nature of neutrino with neutrinoless double-beta decay

Neutrinoless double beta decay (0v530)

2uBB
® 2u30 possible in isotopes where S—decay is "

»
energetically forbidden. ‘
° Contlnuous spectrum ending at Q-value. w
° Tf/"2 ~ 1019728 yr,

o For °Ge: T/, = (1.8475}%) - 10%! yr (GERDA) )
® Ov3p prohibited by the S. M. w

o Lepton number violation. n P
o Physics beyond the standard model.
e Shed light on neutrino mass (and possibly hierarchy). AL = 0 = Predicted by the S.M.

2vBp Ge-76: 0vBp

Qp=2039 keV
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Probing the nature of neutrino with neutrinoless double-beta decay

Neutrinoless double beta decay (0v530)

2vpp Ge-76:

@ 0.003 Qg=2039 keV
® Expected decay rate: g 0.002
2 =
1 5 OvBp
0 ou | npov |2 KMBB) g
(78) = 6™ Mo P 2200 5 oo
e ©
with: 0

0 500 1000 1500 2000

G% . Phase space integral

2 Energy (keV)
|M0V| Nuclear matrix element
® Effective Majorana mass: 0vpp )
— 2 w ‘
(mas) = ]z vim %;
i :
_ ‘Uellz my + |Ue2|2 m2ei¢2 + ‘Ue3|2 m3eid>3 var X

® Signature: Monoenergetic peak at e

Qﬁ/g = m(A, Z) — m(A, Z+ 2)
AL = 2 = Prohibited by the S.M.
Light Majorana neutrino exchange
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Probing the nature of neutrino with neutrinoless double-beta decay
Experimental requirements for 0v3[3

iy OV e M-t
Sensmwty.Tl;2 x €2\ BAE
detection efficiency > 85%
enrichment fraction high natural or enrivhment

active target mass
measuring time

=

background index kcits veto, select radio pure materials,...
eV-kg-yr

Energy resolution use high resolution spectroscopy

GERDA technique: Low background High-Purity Germanium Detectors

Advantages: Disadvantages:
® Well established enrichment technique ® Low Qpg value
(6|7(,Ge = 86%) o Background from 208 and 21Bj
® Very good resolution ® Need enrichment from 7% to 86%
(FWHM AE =~ 0.1% — 0.2% ) (expensive)

® Very good detection efficiency
(source = detector = € ~ 0.92)
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Probing the nature of neutrino with neutrinoless double-beta decay

State of the art in 0v5(3

Ge-76:

e IGEX collaboration
[Phys.Rev. D65, 092007 (2002)]:

Tl%(mGe) > 1.6:10%° yr (90% C.L.)

e HdM collaboration
[Eur. Phys. J. A 12, 147 (2001)]:
Tl%(76Ge) > 1.9:10%° yr (90% C.L.)

o Klapdor-Kleingrothaus et al.
[Phys.Lett. B586, 198 (2004)]:
T05(°Ge) = 1197435 - 10 yr

Nuno Barros (TU-Dresden)

Xe-136:

e EXO collaboration
[Phys. Rev. Lett. 109 (2012)]:

o KamLAND-Zen collaboration
[Phys.Rev.Lett. 110, 062502 (2013)]:

-,—10/2(136)@) > 1.6-10%° yr (90% C.L.)

TI%(I%XG) > 1.9-10%° yr (90% C.L.)
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The GERDA experiment
The GERDA collaboration
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The GERDA experiment

The GERDA experiment

Located at Hall A of LNGS.

® 3800 m.w.e.

Phasel (Nov 2011 - May 2013):

® 15 — 20 kg of target mass (87% "Ge)
® bkg ~ 102 cts/(keV-kg-yr) at Qgg
® exposure 21.6 kg-yr

® sensitivity to scrutinize KK claim

Phase Il (migration ongoing):

® new custom-produced BEGe detectors
(additional 20 kg, 87% "°Ge)

® bkg <10 “3cts/(keV- kg- yr) at Qap
(active techniques for bkg suppression)

® exposure > 100 kg-yr

® start exploring Tl% in the 102 yr range

Nuno Barros (TU-Dresden)

[Phys.Rev.D75, 092003 (2006)]

— No background
==== 107 counts/(kg- y- keV)
25 == 107 counts/(kg- y- keV)

KK claim
L I
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The GERDA experiment

Backgrounds and mitigation techniques

Background sources:

e natural radioactivity (*3>Th and 23U chains):
o y-rays (e.g. 208TI, 214Bi)
o a-emitting isotopes from surface contamination
(e.g. 21°Po) or 222Rn in LAr

e cosmogenic isotopes in Ge decaying inside the
detectors (%8Ge, 5°Co)

o long-lived cosmogenic Ar isotopes (3°Ar,*?Ar)
Mitigation strategy:

o Gran Sasso suppression y flux (10°)

e Muon veto

e detector anti-coincidence

e time-coincidence (Bi-Po or %8Ge)

e pulse shape analysis (bulk localized energy deposition)
o LAr-scintillation (in Phasell)

LAr

p+ electrode
(DL ~ 0.3um)

Po-210

N\

Ar-42

I

n+ electrode

(DL ~ 2 mm)| $2

Co-60
Ge-68

ped

Th-232

U-238

Ovbb
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The GERDA Experiment : detector design
GERDA: detector apparatus

e bare Ge detectors in liquid Argon (LAr) o radio-pure material selection
e shield: high-purity LAr/H,0 e deep underground (LNGS, 3800 m.w.e.)

Cleanroom
Lock system

Steel cryostat
(64 m’ of LAr)

Copper shield

i
Water tank

1] =
Ge detector
1 array

GERDA collaboration, EPJ C 73 2330 (2013),

arXiV: 1212.3210
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The GERDA Experiment : detector design
Detector array assembly

o 3+ 1 strings
® 8 ®""Ge coaxial detectors : 14.6 kg working mass
(2 not considered in the analysis due to high leakage current)
e 3 "tGe coaxial detectors : 3.0 kg
e 5 ©""Ge BEGe detectors : 3.0 kg working mass
(testing Phase Il concept in the real environment)

e"Ge mass for physics analysis: 14.6 kg (coaxial) 4+ 3.0 kg (BEGe)
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The GERDA Experiment :

Data taking

Overview of the data taking

e data taking Nov1l - May13 (492 d)
e total exposure 21.6 kg-yr

o (bi)weekly calibration with Th-228
e BEGe detectors from June 2012

Blinding
® All events within

Qpp = 20keV are not
reconstructed.

® Dataset unblinded only
after freezing analysis
procedure and
background model.

Nuno Barros (TU-Dresden)

counts/(kg day)

c runs 25-32,34-43,44-46 GerDA T30S | 5
S1.0 e 22 %
5 M 2
& L1 20
= A 2
© 183
£0.8] U g
= x
= 9 163
>
2 U 14
0.6
12
L
A1 10
A
0.4 P 8
’_/
% 6
0.2 4
< B analysis —»
(LA [ VR T I N (A O A 0 (R R O D IR R 2
Background model —>| ”l Hm
00 IO 1/ 'S T T T W T O
Nov-11 Feb-12 Jun-12 Oct-12 Jan-13 May-13
date
0.30 P N 7
coaxial diodes, E: 1550-3000 keV g
0.25] g

0.

D

|wi|||

0|

0.

0.

b +
+
Fit Mﬂ ! +

0.05 detector assembly

0.

| | ] | | |
Jan-12 Apr-12 Jul-12 Oct-12 Dec-12 Apr-13

date

First results on Ov 38 from GERDA

10/29



The GERDA Experiment : Data taking
Calibration of the GERDA data

® Spectra calibrated weekly with 228 Th sources and pulser with 0.05 Hz

® Calibration data also useful for monitor energy resolution and gain stability over

time
o FWHM at QBB: 4.8 keV for coaxial detectors, 3.2 keV for BEGe's
100 f—— '_ﬂi 48 kev}\
P s A L
[ N B ! ! F, L L b
g 10 F e F 4.2 keV| [4.8 keV,
3 YRl ., ! ! .k .
O 103 F il ;m F4.5 keV”
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31 | B ! [ P, L .
10° F W " n ;ﬂk—e" :4.5keV
el e | AN L
10° F el 3.8 keV| [4.8 keV
C A M A -"PJLM
s ¥ il o
[ N T R R L A
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The GERDA Experiment : Data taking
Time stability

shift of 2614.5 keV position
relative to previous calibration

t, +0.05%

5,

CERDAT0T

FWHM=1.29 keV.
mean=0.11 keV

L 1 1 1 1 2 2

0 tenn 2fev

detector FWHM [keV]
Coaxial S
ANG2 58 (3) =
ANG3 45 (1) o2
ANG4 4.9 (3) S E
ANG5 4.2 (1) 11—
RG1 45 (3) E
RG2 4.9 (3) ofF
mean coax 4.8 (2) F M
BEGe a— ! '
GD32B 26 (1) F
GD32C 2.6 (1) 2l
GD32D 3.7 (5) =
GD35B 4.0 (1) 3,
mean BEGe 3.2 (2) Nov/1l Jan/12

OvBp3 data set:
e peak position within 0.3 keV at correct position

e resolution 4% larger than in calibration runs

e mean FWHM at Qgg (mass/exposure weighted):

coax —> 4.84+0.2 keV
BEGe —> 3.240.2 keV

Nuno Barros (TU-Dresden)

Mar/12 May/12 Jul/12 Aug/12 Oct/12 Dec/12

Mar/13 May/13

E GERDA 1307
w100— all coaxial detectors }
€
380l
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The GERDA Experiment : Data taking
Energy spectra

Golden coax:
Silver coax:

Data from coaxial detectors

Data from coaxial detectors during
BEGe deployment (higher BI)

. Data from BEGe detectors

counts/(5 keV)

Bi-214 1765 keV'

enriched coaxials, 16.70 kg x yr | GERD)

TI-208 2615 kel

<
&

countsi(s kev)

K-42 1525 keV'

enriched BEGes, 1.80 kg x yr

] oo

5

counts/(5 keV)

K42 1525 keV

0 1000 2000

Nuno Barros (TU-Dresden)

natural GTF 112, 3.13kg xyr | =

3000 4000 5000 6000

7000
energy (kev)
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e Data split in 3 data sets:

dataset

exposure

coaxial (golden)  17.9kg-yr

coaxial (silver) 1.3kg-yr

BEGe 2.4 kg-yr

e Background level:

energy Bl
[keV] [cts/(keV kg yr)]
2614 1.14+0.3
1764 3.3+05
2039 (Qgp) 0.018 + 0.002

e Events in Qgs+20 keV
blinded
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The GERDA Experiment : Data taking
The background model of GERDA Phase |

The GERDA collaboration, submitted to Eur. Phys. Journ. C (arXiV:1306.5084)

< . . . .
2 GOLD-coax
2 - e i .
2 310 data —2vpp - Alphas
2 = E — model — ka2 CoBOH
§ S K40 — Co60inGe
g Sk
@ 2

g F

s 0F

1g

g 14e égéé%/model 10? H
3 128 mooaw g
3 5 g
EL s =
k] = 3
g 08: i | g
S Tk E
00 800 1000 1200 1400 1600 s
energy (keV) 3

energy (keV)
® Simulation of known and observed

backgrounds

« data F

%0 on surface
- - ™Ra & daughters on surface|
---*Ra & daughters in LA

® Fit combination of MC spectra to
data from 570 keV to 7500 keV

o Different combinations of positions

events/(50 keV)

and contributions tested w0 !
% sE- o detamodel T
Main contributions from sources 3 S, o
close by: 22%Th and 2%Ra in £ etz
5 R s
holders, “*2Ar, « on detector 05000 5000 5500 7000
P energy (keV)
sur
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The GERDA Experiment : Data taking
The background model @ (33

The GERDA collaboration, submitted to Eur. Phys. Journ. C (arXiV:1306.5084)
Minimum model (all known contributions)

3
] M cata — v Tha2s H Co60H
2. Udua  -e-Apres rmn —cotote
H — model —BouH  —ka2lar

1 —BRUpr  ---KdOH

® No line expected in the blinded window

® Background flat between 1930 and 2190
keV

® 2140 + 5 keV and 2119 + 5 keV excluded

N
1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140 2160 2180

:
e
Maximum model (many possible contributions Interpolated Bl in ROI:
added) Golden coax: Bl = 1.75792 . 102
E Wee o MoK — coson s21ear cts/(keV kg yr)
E 10° UB data == =Alphas Ac228 H — Co60 Ge —Bi214S
H — model —Bi214H — K42 LAr Ka2p+ — Th228 HE

—B214p+  ---K4OH - -Kkazne Th228's

BEGe's: Bl = 3.6773 - 102

Ac228'S

cts/(keV kg yr)
B LILIL J-l
10" " L 47 ettt R X ln =

SN A

1040 190 1980 2000 2020 2040 2060 2080 2100 2120 2140 2160 2180
energy (keV)
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The GERDA Experiment : Data taking
Pulse shape discrimination

GERDA collaboration, Eur.Phys.J C73 2583 (2013), arXiv:1307.2610
Motivation:
® 0v3p signals are contained in small region — Single site event (SSE)
o 1 MeV electron drifts &~ 1 mm in Ge

® ~ events generate multiple energy depositions— Multi site event (MSE)

PSD for BEGe's: A/E parameter
® A = Pulse amplitude ; E = Energy
® A/E range defined from 28T (E, = 2614 keV ) DEP (Epgp = 1592 keV) from
228Th calibrations
® Rejects 80% of background-like events
® 92 + 2% efficiency for Ov8p3

PSD for Coaxial: Artificial Neural Network (ANN)
e Trained on signal SSE: 298T| DEP (Epgp = 1592 keV)

® Rejects 45% of background like events
® 9075% efficiency for 0v383

LALELLD

Q85 1900 1950 2000 2050 2100 213 200
energy [keV]

[Jwopso
B P

cisi(1 keV)

2

counts/(5 keV)

ANG3
— without PSD
With PSD

70

counts/(50 keV)

3

Bl sl

L L
1000 2000 3000 4000 5000 SOQD 700 8000 14 16 18 2.0 22 24 26
energy [keV] eneray Mev]

Nuno Barros (TU-Dresden) First results on Ov 33 from GERDA 16 /29




Phasel — Ov503 analysis
Energy spectra around Qg

> 3[—[PRL 111, 122503 (2013)] g
L - 0 w/o PSD Analysis cuts applied:
|2}
5 21— % & 1) signals quality cuts
Q 5o} . . .
© & 2) detector anti-coincidence
i 3) muon-veto
o H ﬂ ( H anti-coincidence
05025 2030 2035 2040 2045 2050 2055 260  4) single-detectors time
s.[ € badkorounderpoRion ) coincidence (BiPo cut)
< | e 2l = EIIE 5) PSD
58 g|° 8 |1§
725; 4’ 9 o K' ‘:' Survival fraction around Qgg:
3 ‘ it 1 ~99%
2 H(‘W jH H]]ﬂ[ 243 ~60%
o L UL T 4 ~100%
1900 1950 2000 2050 2100 2150 2200 5 ~50%
energy [keV] °
exposure background expected cts observed cts

data set [kg-10yr] 1072cts/(keV-kg-yr) (Qgst5keV) (QpptbkeV)
w/o PSD
golden 17.3 1.8 3.3 5

w/ PSD silver 1.3 6.3 0.8 1

BEGe 2.4 3.6 1.0 1
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Phasel — Ov503 analysis

Energy spectra around Qg

> 3[—[PRL 111, 122503 (2013)] SEROR T
§ 0 w/o PSD Analysis cuts applied:
2 E B w/ PSD - -
5 2f— = o 1) signals quality cuts
© & 2) detector anti-coincidence
i 3) muon-veto
anti-coincidence
0™ 5025 2030 2035 2040 2045 2050 2055 2060 4) single-detectors time
= < oo vackaroundintepoaon coincidence (BiPo cut)
= | e gl = RIS 5) PSD
S8 g|° 8 |I§
§ 4; 9 o & ‘:’ Survival fraction around Qgg:
8t ‘ & 1 ~99%
2 | 243 ~60%
oll 190 1950 200 200 2100 2150 2200 : ~100%
energy [keV] 5 ~50%
exposure background expected cts observed cts
data set  [kg-10yr] 1072cts/(keV-kg-yr) (Qgpt5keV) (Qgst5keV)
PSD
golden 17.3 1.8 1.1 3.3 2.0 5 2
w/ PSD silver 1.3 6.3 3.0 0.8 0.4 1 1
BEGe 2.4 3.6 0.5 1.0 0.1 1 0

Nuno Barros (TU-Dresden)

First results on Ov 38 from GERDA

17 /29



Phasel — Ov503 analysis

Statistical analysis
GERDA collaboration, PRL 111, 122503 (2013), arXiv:1307.4720

Baseline analysis (profile likelihood):

&

— 9w i &

-log (W)

i e maximum likelihood spectral fit
{Tin>2.1x107yr (constant+Gauss in 1930-2190 keV range)

-1
e multiple data sets (common [Tl%] )

©

-1
. < Tlo/”2> > 0 (coverage tested)

Results (GERDA only):

n

L oo e best fit for Ny, gg = 0 signal cts
E ® No,gs < 3.5 cts at 90% C.L.
€ F o 7% >2.1-10%yr (90% C.L.)
E_ z e MC Median sensitivity (for no signal):
oA T oA T, >2.4-10%yr (90% C.L.)
£ E

Results (GERDA + IGEX [1] + HdM [2]):
e best fit for No, g3 = 0 signal cts
AN T o 7% >3.0-10% yr (90% C.L.)

02 04 06 08 1 12 14 16 18 1/
Ty, (107 yr)

PRL 111, 122503 (2013); [1] Phys.Rev. D65, 092007 (2002); [2] Eur.Phys.J. A12, 147 (2001)
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Phasel — Ov503 analysis
Comparison with Phys.Lett. B586 198 (2004)

Hypothesis test: | Hy (7% = 1.1979-37

12 055 10 yr + bkg) | vs| Ho (bkg only)
= 3 GERDA 13-07
o T, 1.19€25 yr [PRL[1]11, 122503 (2013)]
S~
i) Ty,= 2.1e25 yr
= 2 12 H1
=
o
(&]
1 —
0 ! | 1]
2025 2030 2035 2040 2045 2050 2055 2060
energy (keV)
GERDA only: » PL P(Ng, 55 = 0[H;) = 0.01
In Qgp+£2 after PSD):
Qs £20¢ ( ) » Bayes factor P(H1)/P(Ho)=2.4 - 10~2
expected 5.9£1.4 signal cts
GERDA+IGEX+HdM: » Bayes factor P(H;)/P(Hg)=2-10"*
expected 2.0£0.3 bkg cts
T [ = claim strongly disfavoured ]

Tlo/'é from Mod. Phys. Lett. A 21 (2006) 1547 is not considered because of inconsistencies (i.e. missing efficiency

factors, problem in the conversion from counts to Tlo/”2 ) pointed out in Ann. Phys. 525 (2013) 269.
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Conclusions

e GERDA collected 21.6 kg-yr of exposure between 11.2011 and
05.2013

e Background an order of magnitude lower than previous Ge
experiments:
o ~0.01lcts/(keV-kg:yr) at Qg (after PSD)

e 3 events observed while 2.5 + 0.3 expected in Qgg & 20

o No events in Qgg £ o

e GERDA limit:
o T >2.1-10"yr at 90% C.L. (GERDA only)
o T, >3.0- 10" yr at 90% C.L. (GERDA+IGEX+HdM)

e Previous claim refuted by GERDA at 99% C.L.
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The GERDA Collaboration

g

GERDA Collaboration Meeting in Dubna, Russia
June 2013
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Phase Il detector design

and performance

» Broad Energy Ge (BEGe) detectors:
> commercial product (Canberra)

> excellent spectroscopic performance
(resolution, low threshold, low noise)

> pulse shape discrimination (PSD)

65 — 80 mm

p-type germanium

25 — 50 mm

= n+ electrode
high voltage contact
(3000 — 4000 V)

o T &
» >30 BEGe detectors produced and tested N
groove p+ electrode
signal read-out contact (0 V)
25 1.1 T
e 1k *
2r T °
o® ¢ 09 | ° p
315 o . S | 0O o000 O |
=3 o 2 o8 o 2
z o 3 © ® “eo °
z | - | g 07t e O R
. e f(x) = a + bx "2 °© 9 8o e
/ =ar 0.6 ° g
05 | a=0.180 (10) o)
i b 5 (4 05 % natural @ |
0.0395 (4) o) depleted ®
enriched O
O Il Il Il Il Il Il 04 Il Il Il Il Il
0 500 1000 1500 2000 2500 1.65 1.7 1.75 1.8 1.85
energy [keV] FWHM at 1332 keV [keV]
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Detection of LAr scintillation

LAr-scintillation (combined design):

» low-background photo-multipliers » WLS fibers read-out with Si photo-multipliers

“ Central cylinder:

SiPM/Fiber readout

i

Top/bottom: PMTs
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Use of PSD and LAr scintillation signal

106 .

without veto
with LAr veto
with PSD cut —
with veto & PSD ——

10°

10?

103 4

counts [#]

102

\‘\

10! ‘
| | il
b
0 500 1000 1500 2000 2500 3000
energy [keV] [J. Phys.: Conf. Ser. 375 042000]

Pulse shape analysis combined with LAr-scintillation (in LArGe setup):
measured suppression factor of (5.2 4 1.3) - 103 at Qg for close Th-228
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Background model — 2055 half-life

» Binned maximum likelihood (5 kg-yr)

= - T T T T T ~ .
E 500 = e experimental energy spectrum ol Nuisance parameters:
3 fa! model - v z
s § ® Active detector masses (6+1)
< .
g ® Ge-76 fractions (6)
® Background contributions (3x6)
> le/‘é common to all detectors
» After marginalizing:
v _ +0.09  +0.11 1021
7—1/2 = (1.8475705 fic —0.06 syst) 10
s [J.Phys.G 40 (2013) 035110]
=
@
3 F B
g F f .
: Eoy . ¢
£o: } R
= 5 ) } this work
e g
o + + C - it %
T e data/model E g & *
= [ 68% E & Barabasn
3 1 95% F ozla
8 = 99.9% gl
% o . S a . Scee o E =12
g X vesw steee - - o o 10 }
©  osE ool oo
600 300 1000 1200 1400 1600 1800 b .1 | | | |
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energy (keV) it
Nuno Barros (TU-Dresden) First results on Ov 33 from GERDA pumma%y/eab



Comparison with 3°Xe experiments

10% / y GERDA 13-07]
y 7%
- y /4 %
= Vo477 44
+ a4 /
O |Gecombined 1 7 g
©
28 | GERDAPhasel L
ke
S g 74
claim (2004} -/
25 68/ C) I/ 4
10 ° // //
6‘ //
y / o o / / R
Y 7
Y / =4
K2 S 3]
e VS 7 n B
3 OQ\ 1={=4 5
B2 Qf/ I €
TS 4 C‘)é S
%§ | & o
e 2 ‘ N &
1024 105 26
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9% (%Xe) [yr]
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o GERDA provides a model-independent
test of the signal claim

e comparison with 136Xe experiments
possible only through:

O assumptions on the leading channel (e.g.
exchange of light Majorana neutrinos)

O matrix element computations (selection

used in the plot is taken from
arXiv:1305.0056)

GERDA+EXO+KamLAND-Zen:

Bayes factor P(H1)/P(Ho) = 2.2-103

(computed for the smallest NME ratio Xe/Ge)
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Why GERDA does not use KK 2006 result?

b) 2004 publications: [1] NIM A522 371 & [2] Phys Lett B586 198

Entire data set: 71.7 kg- yr (active mass)
® 28.75 4 6.86 signal events

o T = (11979%) - 10% yr

Data for PSD analysis: 51.4 kg- yr
® 19.58 4+ 5.41 signal events

o 70, = (125794 - 10% yr
With PSD applied

® 12.36 4 3.72 events

® DEP survival fraction ~ 62%

* T, =123-10" yr

Without efficiency correction:

® TP}, =1098-10% yr

No efficiency correction is applied in any
publication!
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Why GERDA does not use KK 2006 result?

b) 2006 publication : Mod Phys Lett A21 p. 1547-1566

8 \ \ \ \ T PSD based on 3 previous methods (2 neural
;1 [[CTINNviow cut, Tmm | ] networks + pulse boardness) & library of
SSE pulses: Event accepted IF pulse in
& E library OR found by neural network of Ref.
5 5 E 16 but not by the other two neural networks.
é % ] NO event overlap between the 2 sets!?
- 7
8 I ]
2] - " _ an 4 Statement from publication:
15 0 dl ol pg w15 " .
i O T ® "multi site events are suppressed by
0 o ‘ - 100%"
2000 2010 2020 2030 2040 2050 2060
energy, keV ® 0vf3p efficiency = 1 used for 777,
® Fit to the data yields 11.32 +1.75 g
signal events
Onu _ 0.44 25 Efficiency factor not considered:
= T = (223%4%,) - 10% yr y fac
® Calculation of T9% not correct

1/2

® error on signal count not correct
® GERDA does not use this result

o smaller than Poisson error
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