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Neutrino Mass Question

In the present neutrino scenario, two open issues refer to neutrino masges
1. Absolute mass scale: i.e. mass of the lightest v
2. Hierarchy ( or ) or degeneracy (m,=m,=

mass hierarchies

LI

-“Uu

- V.
Normal Hierarchy (NH) Inverted Hierarchy (IH)

L — ol

solar~7x 107V ?

atmospheric
~2x1073eV? _
atmospheric

- 3
~2x107%eV?

solar~7x 10 ¢eV?2

absolute mass scale

Forthcoming Neutrino Oscillation Experiment (
261112013 ,Pingu,ORCA), cannotaddress point 1. but can solve pomt 2.




OvBp rate and the effective neutrino mass

Ovpp} rate ~ (effective Majorana neutrln@mm\;nSsanl S p'l%% |

DBD can address both point (but Nuclear Model
dependent)
1. Absolute mass scale: i.e. mass of the Ilghtestv
2. Hierarchy ( or ) or
degeneracy (m1 =m,= m3) lightest neutrino mass in eV

(Tye ™)' ~5x 10+ [y] Moyl?

Ovpp Nuclear
half-life Matrix
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\N.Z odd /
»>Q\ /B;/ """""""" \\<

Bp
\ / Proposed by Majorana (and Racah) in 1937:
N.Z

even P i

~ A v is exchanged between two neutrons
| | | \ |

7-2 Z 7+2

Atomic number

Nuclear mass [a.u.]

It is a forbidden process in SM and requires

e Lepton number violation

Electron spectrum

Qup("°Ge)=2039 ke

Ov

500 1000 1500 2000
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Nuclear Matrix Elements Jungle

Nuclear matrix elements (NME) are calculated according to various models:

QRPA (RQRPA, SQRPA,

....... ), Shell model, IBM2 ...

Calculation discrepancies are one of the laraest sources of uncertainties

NSM nuclear shell model, Nucl. Phys. A 818 (2009)
139.Phys. Rev. C80 (2009) 048501(1)

SRQRPA seli-consistent renormalized quasiparticle
random phase approx.(2), Phys Rev D83 (2011)
113015, Phys Rev C79 (2009) 055501(1), Phys Rev
C83 (2011) 034320

pnQRPA proton-neutron QRPA, Nucl Phys AB47
(2010) 207

GCM generating coordinate method Phys. Rev. Lett.
105 (2010) 252503.

IBM interacting boson model(3), Phys Rev C79
(2009) 044301

pHFB projected Hartree-Fock-Bogoliubov

Phys Rev C82 (2010) 064310

more groups calculate NME with different methods

NME vary by factor 2-3 for a given nucleus
' melated for

different A
difference between QRPA calculations small

_—
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€= detection efficiency

A= Atomic weight

l.a.= isotopic abundance

a = B} isotope Number of Moles 2>

M = mass of detector in kg
T = data taking time [y]

B= in cts/(keV kg
A = energy resolution at Qg [keV]

p—
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a' = number of “effective” isotope moles 2'=cts/(keV a' y)

104

“Finite” Background region

©
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Background

103 10-2

26/11/2013 C.Cattadori - CPAN 2013



DBD experiments summary

Exporment|otope [Tochmawe __________[Wess piiv iotope

CANDLES 48Ca 305 kg of CaF2 crystals - lig. scint 0.3 kg Construction
CARVEL 48Ca  48CaW04 crystal scint. ~ tonne R&D

GERDA | 76Ge Ge diodes in LAr 18 kg Operating
GERDA I T6Ge Point contact Ge in LAr 16+21 kg Construction
Majorana D T6Ge Point contact Ge 30 kg Construction
lLCJ? B T6Ge Best technology from GERDA and MAJORANA ~ tonne R&D

NEMO3 13253 Foils with tracking 6.9/0.9 kg Complete
SuperNEMO D 825e Foils with tracking 7 kg Construction
SuperNEMO 82Se Foils with tracking 100 kg R&D
LUCIFER 825e ZnSe scint. bolometer 18 kg R&D

AMoRE 100Mo  CaMoO4 scint. bolometer 50 kg R&D

MOON 100Mo Mo sheets 200 kg R&D

COBRA 116Cd  CdZnTe detectors 10 kg/183 kg R&D
CUORICINO 130Te  TeO2 Bolometer 10 kg Complete
CUORE-O 120Te | TeO2 Bolometer 11 kg Operating
CUORE 130Te | TeO2 Bolometer 206 kg Construction
SNO+ 130Te | 0.1% natNd suspended in Scint 55 kg Construction
KamLAND-ZEN 136Xe | 2.7% in hiquid scint. 380 kg Operating
NEXT-100 136Xe |High pressure Xe TPC 80 kg Construction
EXO200 136Xe | Xe liquid TPC 160 kg Operating
nEXO 136Xe  Xe liquid TPC ~ tonne R&D

DCBA 150Nd  Nd foils & tracking chambers 20 kg R&D

0. Cremonesi - 33/07 /201 3EPSHEF 2013 Stodkholm, Sweden




clean room

water tank |
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Building the exposure up

> Total of 21.6 kg y: from 6 November 2011 to 34 May 2013

» 6 of 8 Semi-Coaxial e""Ge detectors of the former IGEX and HdI\E

in the Ov[33 data sets (2 diodes high LC)
» 1 naGe semi-coaxial detector (not in the Ovp data set)
» June 2012: 5 new ®"BEGe detectors deployed to compensate the lost of
two coax.

The energy scale is

monitored by:
| « Weekly 228Th
i calibrations
Electronics Stability
| T | monitored by:
idillhlia : Pulser
ull |

c
2
©
W
=
@
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@
=
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Exposure (kg x yr)




S, Isotope fraction
rrors considered

arXiv: 1306.5084v1
> 21.6 kg y=> 215.2 £7.6 moles of °Ge

detector ] Mace(AMact) | fav(Afaw;)

Accuarte g
Welght ' coaxial detectors

ANG 1 Jf]l 0.859(29) || 958 T95(50) sl EED[JZ}

ANG 2 0.866(25) || 28 2468(145) S“l(gl}

ANG 3 0.883(26) (| ] 2070(136) Low E =

ANG 4 0.863(13) || 2372 2136(135) QDI(ur} sources

ANG 5 0.856(13) ’ 2281(132) 0.831(48)

RG 1 0.855(15) ' 1908(125) ’Q’Dcl[r_:Eli}

RG 2 0.855(15) (| 1800(115)

RG 3 ) 0.855(15) : 1868(113)

\ enriched BEGe detectors

S~——

GD3zB B  ilr GEE{ lEI'j
GD32C 877(13) || 743 22)
GD32h 0. 57?[13]- ! A ﬁ”flﬂ]
GD3ss OB77(13) || Bl12 T42(24)
GD3sC 1) EBri(1d) || 635 575(20)

natural coaxial detectors

GTF 32 1) 0.078(1) 2321 2251(116)

GTF 45 T) | 0.078(1) 2312
GTF 112 0.078( 1) 2965
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The Energy Scale over data taking: COAX

arXiv: 1306.5084v1

or FWHM @
— 54— GERDA 1305
3 L FWHM of COAX @ 2039 keV from 2039 keV
— 2 calibrations . ANG2 58+0.3
2 50— I bt o1
5.0
2 oo b } lﬁ #{M ]}} SEE *#1 aft e ANG3  45%0.1
s 485_ : ; iR i i% ! }H g s ANG4 49+0.3
2 “E gl % f%? {}*H w{ %éﬁ M % ANGS5 42+0.1
O 44
N I # : iﬁi i i i RG1 45+0.3
42— *
IR AR AL LN H* b RG2 49+0.3
| II\IO\lff1‘II IJanlnzl ;\JIaLHZI rlwalmé lJuIL12| ,Ia.umzl Io:;tlnzl E}eéﬂzl‘ ;‘v‘larlﬂ&l’ rlwalnel. Mean 48+0.2
3 shift of 2614.5 keV position ooz COAX
= | T ]
I . 5 v ANG 3 .
= 2F s Stability r.m.s. +1 keV = 5 104 W Energy :
@ 15 s Y N From semi-gaussian DSP of
- i ilorat .
= : 5:. : 8 . . igi o Ml the acquired waveforms
0 - L} * k4
W THAMSLEUN .
s ! s L % . | _ DAQ facts:
15 & 5 i . s Eof Eﬁa”n"l&ﬁ'ii‘é 14 bit, 100 MHz continuos
2 m running ADC.
- TRG thrsd:40-100 keV
Sy g SETETT TR e

Novit1 'Jan/12 Mar/12 May/12 Jul/12 Aug/12 Oct/i2” Dec/12  Nar/13 May/1
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GERDA 1305

A GD32B

v GD3z2C

= e detector

® GD35B

24

: f

GD32B

GD32C

TEES T B B R K GD32D

FWHM @
2039 keV

26+ 0.1
26%0.1
3.7+0.5

GD35B

Dec/12

Mar/13 Mean

BEGE

40+0.1
3.2+0.2

1 e""BEGe not used in the OvP[3 data sets because of instabilities
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GERDA Data Sets

» Golden coax: all the coax runs apart from 30 days just after t
BEGe insertion in june 2012

» Silver coax: The coax data collected in the 30 days following the
BEGe insertion

» BEGe: Treated separately because of intrinsic differences (better
FWHM, intrinsic PSD, lower alfa contamination

o
)
o
|

B coaxial diodes, E: 1550-3000 keV

GERDA-1308

counts/(kg day)

Ly /




Events accepted by the analysis cut 50 keV binning

ALL'—?

Pulser

counts / 50 kel

1000 2000 2000 4000 5000 e000 7000
energy [keV]

IJnfnlLL—

counts / 2 keV

1950 2000 2050 2100 2150
energy [keV]
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Events accepted by the analysis cut 50 keV binning

”]4 T T 3
ALL mmm 3
QC
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Events accepted by the analysis cut 50 keV binning

E|

ALL mmmm ]
I:'G_:
QG+AG—?

1000 2000 3000 4000 5000 6000 7000
energy [keV]
B ] ] ] ] ]
ALL m——
5 QC mm |
QC+AC mmm
4

counts / 2 keV

1950 2000 2050 2100 2150
energy [keV]



Events accepted by the analysis cut 50 keV binning

10* T | T | T E|
ALL momm
QC memmm
10° QC+AC
= QC+AC+MV memmm
- Pulser ]
& 10°
8 -”]'l

0
10
1000 2000 3000 4000 5000 6000 7000
energy [keV]
E [ [ [ I [
ALL  m——
5 QC s |
QC+AC
4 QC+AC+MV

counts / 2 ke

1950 2000 2050 2100 2150
energy [keV]
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Events accepted by the analysis cut 10keV binning

4
10 T I | T T 3
ALL 3
QIC s ]
i GEI QC+AC
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o
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]
1
0
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M Agostini, A. Lazzaro, L. Pandola



Acceptance of the cuts used in Ov[33
analysis

QC: quality cuts single physical pulse in the waveform
AC:  detector anti-coincidence  only events with a single pulse
MV:  muon-veto no time-coincidence with muon-veto signals

acceptance of the raw number of events
cuts E= 500 keV 1930<E=<2190 keV

QC (99.740.6)% (98+10)%
QC+AC (94.540.6)% (66+7)%
QC+AC+MV  (93.740.6)% (60+7)%

20/ 1112015 C.Cattadori - CPAN 2013




The energy spectra: events falling in £20 keV

around Qg Not reconstructed (blinded)
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ldentification of Background Components

T
10° e data — 2vfp === Alphas g
— model —_— K42 CoB0H 8

=== K40 — Co60inGe s

== Ac228 =—Bi214H
Th228 —Bi214P

events/(30 keV)
%

* o. contamination from 29Po.

« contamination at time of refurbishment
mostly on thin p+ contact

« 210Po decaying away (t,,=138 d)

« Large differences among detectors
 BEGes much cleaner (> factor 10)

data/model ratio
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Background model predictions vs data

in 260 keV range around Q_[38 ’ T

_ Minimal model *The model reproduces a flat
g a —2 . :
pp e . e o 'l bckgrd around Q_BB
g B T ZEL Tren *No y-lines visible in the 30 keV
1 | around the Q_pB
o ; —> spectra can be fitted with a
o Al ool ot 2 Tl : flat background apart from 214Bi
10 lines @ 2104 keV and 2119 keV
0.5 e P f_\_ﬂl 2 —
1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140 2160 2180
. .. energy (keV)
Maximal model: Minimal + >
E M data — 2vfp Th228 H Co60 H —Bi214 | Ar E
_E 102 UB data === Alphas — Ac228 H —Bi214 5 8
(1] — model —Bi214 H — K42 LAr -
> 0 —Bi214p+  --.K40 H >
ﬁ = - Ac;
10 u'llllllllllllllllﬂr I |lMi| i
102 m#w"r ‘ . h l,lm
1.0 :
05 . _ oy n lI“l1 arXiv: 1306.5084v2

1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140 2160 2180
energy (ke



Different weighting potentials for

Coax anciesss COAX: Artificial Neural Network (RN
ter

P B S I l
100 600 700
time [s]

_[Simulated pulses

current [auw.]

1 1 | 1 | 1 | 1 1 1 | 1 .l-.-l.l n
0 100 200 300 400 300 600 TOO 800

time [ns)

-40 -30 -20 -10 |0 10 20 30 40

(o] BEGe: Amplitude of Current/Amplitude of
FADC Charge Pulse (A/E) is the PSD parameter

27




PSD for coax

ANN trainad nn
J \I NI N LI CALI INVNU [ I |

SIGNAL (SSE) : 298TI (2614 keV) Double Escape Peak (DEP)

@ 1592 keV line

o
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—— single site event SSE
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p.D
: [o2]

acceptan
ce DEP

ANN res

o
[o2]
T I

1.5/-oh621.7 1.8 1.9 20 21 22 23 24 25 .
énergy [MeV] C.Cattadori

EPJC 73(2013) 2583

_G!

BACKGROUND (MSE): ??Bi @ 1620 keV y-line

'''''' » Required 90% acceptance of DEP
> ¢ for other classes of events derived
gy > acceptance of SSE verified on

mpton edges (CE) and 2vf33

> ANG3 3
x 8
%’ = without PSD

-5 e w1th PSD

—_
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energy [MeV]
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relative intensity

g
o
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(5]
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—
o
L L

o
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(o]
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o 5]
TTT T TrrT
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(5]
T | T

= compton edge (CE)
------- multi site region (MCS)
------- calibration DEP
—— SS5E part of CE
90% efficiency

0.2 0.4 0.6 0.8 1.0

ANN response

Coax

o
h s .
\I\|\\I‘I\I‘I\I|\I\|\

04 05

AJE cut

42K n+ surface events, simulation
GDCO, simulation

Compton 1.8 - 2.2 MeV, calibration

FEP @ 1.6 MeV, calibration

QBB + 200 keV, physics data

1=q]

=Y
GERDA 13-06

cts

physics data

0.6 0.7 0.8 0.9

les and their

EPJC 73(2013) 2583 |\

€ 2vBB

0.85 + 0.02

0.91 £ 0.05

€ ovpp

0.90+0.1

0.92 + 0.02

Bckgrd rejection= 33 of 40
events rejected in £200 keV

range.

Bl = 0.7 102 cts/(keV kg y)




Summary of parameters and systematics
relevant to T, ,%

Energy Windows at Active volume PSD
Qg=2039 keV 76Ge  fraction BB FEP  efficiency Total
fraction efficiency efficiency

Data FWHM
set [keV]

+0.05 +0.044
0.90 -0.09 0.619 -0.070

BEGe 3.2+0.2
PRL111(2013)122503
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The blinded/unblinded data

- Data blinded since january 2012:
Events in + 20 keV around QBB removed from Tierl

* Unblinding in two steps:
*May 2013: Unblinded + 15 keV around still blinded £ 5 keV @ Qgp
*17 June 2013 @ GERDA Plenary meeting in Dubna (RU):
Unblinded the £5 keV region @ Qpp

Table 1: List of all events within QQgg = 5 keV PRL111(2013)122503
data set detector energy date PSD ANN A/E Cut Threshold
keV] passed

golden ANG 5  2041.8 18-Nov-2011 22:52
silver ANGS 20168 23 Jun-2012 23:010
golden RG 2 2041.3 16-Dec-2012 00:09

BEGe GD32B  2036.6  283-Dec-2012 09:50 10O 0.750  0.965+1.070
== RG 1 20355 90 1an.2013 0335 . e
golden ANG 3 20374 02-Mar-2013 08:08 no 0.205 0.345
golden RG 1 2041.7  27-Apr-2013 22:21 no 0.369 0.372

26/ 20 5 C.Cattadori - CPAN 2013




PRL111(2013)122503
The unblinded spectrum @, Q bb

— Coax golden GERDA 13-07
: Coax silver @ PSD

) () NOPSD

|
®

counts/keV

L b L P T T N I I [ I

2040 2045 2050 2055

background interpolation- — -
> |

Gﬂ

1930 keV 4
2039 keV

214 2204 keV

v :

1”1 ‘IIIJ III‘|I HIII‘II | th ||"”

1900 1950 2000 2050 2100 2150 2200
energy [keV]
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€ €

€ = J76 * Jav *Efep * Epsd

In 230 keV

PRL111(2013)122503

In £ 5 keV

@Qg

data set  E[kg-yr]

(€)

bkg

without PSD
golden 17.9

silver 1.3
BEGe 2.4

0.688 = 0.031

0.688 + 0.031
0.720 = 0.015

76

19
23

with P5D

golden 17.9
siver 1.3
BEGEe 2.4

06107 b1
0.663 = 0.022

0.619%% 4

45
9
3

™) in units of 107 ets/(keV-kg-yr).

26/11/2013
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BI Rej pep €02 ~ 43%
BI Rej pep BECE ~ 87%




Tl/QOV from GERDA data sets  PRL111(2013)12250

Performed Profiie Likelihood fit of the 3 data sets

* B+S: described by constant term + Gaus(Qg3,0¢)

- 4 free parameters in the fit B,y 4, Bgjy.Bgege, 1/ T1,2%
« Systematics folded in

Frequentist approach

Best fit: N =0

N < 3.5 cts @ 90% C.L.
T,,%>2.1x10% yr @ 90% CL

[
2025 2030 2035

Flat prior for 1/ T,,,%
Best fit: NV = 0

1900 1950 2000 2050 2100 2150 2200
energy [keV]
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Comparison w. the stated Sensitivity

%

- === No background

- = 10* counts/(kg- keV- y)
| = 10" counts/(kg keV- y)
| = 102 counts/(kg- keV-y)
| == Claim

N
a

N
o
Tl

=N
(&)
1 —

phase Il

/Dbﬁe(
18kg *"Ge KKDC

B o 5 | uclaims |

50 100 150 200
Exposure [kg-years]

=N
o
L

14}
I | 1 ! 1

!

90% prob. lower limit T [10%°y]

Qo

- 99% CL (1
107 107 1072 10"
lightest neutrino mass eV

GERDA 1-> scrutinize in ~ 1 year data taking (assuming 18 kg y exposure) the KK
claim: if true B decay GERDA will have 7 cts, above bckg of 0.5 cts = probability

that bckg simulate signal ~ 10-°

Bologna, 20th September 2010 C.M. Cattadori - XCVI Congresso SIF



For T,,% =1.19 x 10%° yr
Expected Signal (after PSD):
Expected Bckgd (after PSD):
Observed:

2025 2030 2055 2060

" 1930 keV 4
_ 2190 keV '
214; 2204 keV

||||.J|.1 TR TITTINN

21 00 2150 2200

1900 1950 2000 2050
energy [keV]
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1.4 cts in 20 G\
0.3 cts in x20
(0 in £10)

From profile likelihood
Assuming H1,
P (N%=0 for H1)=1%

Comparing
H1: Claimed signal
HO: Background only

Bayes factor
P(H1)/P(HO0)=0.024

(uncertainties on claim included)

Claim poorly credible




Combining GERDA, HdM, IGEX & Xe

arXiv: 1307.2610

26 . — H1:signal with T, ,% =1.19x10% yr
r T T GERDA 1307 1/2
"~ 1| Ho: background onl
/ K : background only
5 A ///i//////
> I // s jf y Isotope | P(H,)/ | Comment
& | Ge combined % ___[74_ VA P(H,)
3¢ | GERDAPhase| / e  / :
= 0/ / 2 7 GERDA 5Ge 0.024 Model independent
Yy i
laim (20 | )
s ‘;;'Té/,_ a7 7% 1 || GERDA 6Ge 0.0002 | Model independent
V4 : +HdM+IGEX
,&/ A Ay
& v%/////// N KamLAND- 136Xe 0.40 Model dependent: NME,
\/O%an/ /i//;// | Zen* leading term
e 2 =
/ng@? ?574;// ﬁ ? EXO-200* 136)e 0.23 Model dependent: NME,
558 ‘%ﬁ;‘?/ s 2 f leading term
& ol g ©
o C,JJ | IS GERDA+KLZ* | °Ge + | 0.002 Model dependent: NME,
107 2 '1";25 — o | +EXO* 136)e leading term
Tl’]v 1%‘xe [yr]

*:with conservative NME ratio M, (13°Xe)/M,,(’°Ge) ~0.4 from:

Combining GERDA, HdM,IGEX
3 GERDA Data sets, 1 HdM, 1 IGEX

NME from

P.S. Bhupal DeV
et al (2103),
arXiV:1305.0056

Profile likelihood function w. 5 independent bckgds
T,,°Y>3.0x 10 yr @ 90% CL
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GERDA achieved its design goals _GY
Phase | Exposure: 21.6 kg yr 2 215.2 £7.6 moles of °Ge
Background Index: ~10 cts / (Kev kg y)

Scrutinized the KK claim in 1.5 yr data taking

No excess of counts above background is found @ Qg after
unblinding: 7 (3 after PSD) cts in £ 5keV region

GERDA: T,,% >2.1 x10%° yr @ 90% CL
GERDA combined w. IGEX & HAM T,,°Y > 3.0 x 10%° yr @ 90% CL
< (0.2-0.4) eV depending on NME and Phase Space Factors
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Data taking stopped since end september 2013
Detectors already out of the cryostat to reprocessing

Lost calibration 228Th source is being “fished” out of the cryostat in
these days

(see talk of. Bela Majorovitz at TAUP 2013)

New contacting technology of BEGe detectors defined and tested: wire-
bonding contacts instead of spring loaded (Phase [)

New lock, cabling etc. equipped to host ~ 50 detectors in preparation

New e""Ge BEGe detectors already at LNGS (since 5 November 2013) with
Al evaporated pads to wire-bond

New Si —holders in final phase of preparation
New FE electronics in preparation

LAr veto read-out in preparation
18 PMTs &, if performances adequate, an inner veto of Fibers, read-out by SiPMs.

challenge: achieve another factor 10 in Bl and sensitivity.

26112015 C.Cattadori - CPAN 2013
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model

events/(30 keV)

I T
experimental enerqy spectrum

GERDA 12-12

data/model ratio

600 800D 1000 1200

J.Phys.G: Nucl.Part.Phys. 40(2013) 035110

BB spectrum: 8796 events:

9400

1600

1800

energy (keV)

2vBB spectrum
generated by
DECAYO ,
(V. Tetryak) ’

6 independent m@ls for the
6 detectors (5 x 6=30
detector parameters)

T2v,,, common in 6 detectors

Background from 3 sources:
42K ,4K,214Bi (y-lines used for
normalization)

e 42K: homogeneusly
distributed

e 40K & 214Bj: close sources

Detectors active masses
and enr. fact_ors are nuisance
parameters in the fit.

T2, pdf is quasi-gaussan

Model of the residual background: 80% 2vB[, 14% 42K, 3.8% 214Bi, 2% “°K,




J.Phys.G: Nucl.Part.Phys. 40(2013) 035110

GERDA vs previous measurements of T2

Tij = (1847508 ge T0.06 syst) - 107 yr = (1.847510) - 107 yr, (2)

—

O GERDA s

consistent with HdM
T2V, =1.78 *007 4 o

} 1 Thanks to our Bl

this work

comparable o
+ with ~1/10 exposure

GERDA 1212

+ PNL-USC

—e—— HdM
8 HdMK
—e— HdM-B

——8— |IGEX
——8&——— HdM

Barabash
L ]

—&— PNL-USC-ITEP-YPI

J GERDA results

can improve by
| * New measurement of

| | | | | | | | | | | | | | | | | | | | | | | | | .
1990 1995 2000 2005 2010 coax active volumes
publication year &

L
®— PNL-USCHTEP-YPI

—®— |TEP-YPI

S/N increase

NNDC

°Increased statistics

(already available)



4)Commissioning setup Fase Il

Klapdor-Eleingrothaus et al.
NIM A 522 (2004)
PLB 586 (2004)

20F

]
§1s
a8

10

700

Klapdor-Kleingrothaus et al., NIM A 522
(2004), PLB 586 (2004):

*  71.7 kg year - Bgd 0.17 / (kg yr keV)
= 28.75+ 6.87 events (bgd:~60)

= (Claim: 4.20 evidence for OvBp

= reported T;,% =1.19 x10% yr

N.B. Half-life T,,,™ =223 x1025 yr T, after PSD
analysis (Mod. Phys. Lett. A 21, 1547 (2006).) IS not
considered because:

» reported half-ife can be reconstructed only
(Ref. 1) with £,.4 = 1 (previous similar analysis
Epeq = 0.6)

*  Ep = 1(alsoin NIM A 522, PLB 586 (2004)
(GERDA value for same detectors: g, = 0.9)

(1) B. Schwingenheuer in Ann. Phys. 525, 269 (2013):
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Precursor Ge experiments

expected D@ line

M s ey (SS5E)
1538 kgy

W 2030 X030 2040 IS0 20600 IT0 20ED

energy [keV

BLEL] i 21
Energy (kevy

LhSE

Heidelberg-Moscow
(H.V. Klapdor-Kleingrothaus et al.)
(Eur. Phys. J. A 12, 147-154 (2001)):

53.9kgy (35.5kgy): Typ" >1.3 x102 yr (1.9 x10% yr)
(90% C.L.)

IGEX
(Aalseth et al.)
Phys. Rev. D 65 (2002) 092007

88kgy: Tp%>1.6x10yr (90%C.L.)
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BI[10-3] in 10 BI[10-3] in 10 keV
keV

Interpol  17.5 [15-20] 36.1 [26-49]
ation

Minimal 18.5[17.6-19.3] 38.1[37.5— 38.7]

Maximal 21.9 [20.7- 23.8]

Cts in 40 keV Cts in 32 keV
data 13
Minimal 8.6 [8.2-9.1] 22[21-2.2]
Maximal 10.3 [9.7-11.1]
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Table 10 The total background index and individual contributions in 10 keV (8 keV for BEGes) energy window around
)5 for different models and data sets. Given are the values due to the global mode together with the uncertainty intervals
[upper, lower limit] obtained as the smallest 68 % interval (90 % /10 % quantile for limit setting) of the marginalized distributions.

GOLD-coar | GOLD-nat | SUM-bege

component  location minimum model maximum model minimum maodel minimum + nt
Bl 1079 cts/(keV-kg-vr)

Total 185 [17.619.3] 219 [207238] | 296 [27.1327 | 381 [37.5.38.7]
a2 LAr homogeneous | 3.0  [2.9.3.1] 26  [2.0,2.8] 20 [27332] | 20 [1.82.3
12K pt surface 4.6 [1.2,7.4]
12K nt surface 0.2 [0.1,0.4] 208  [6.5,23.7]
80 det. assembly 14  [0921 09  [0.3,1.4] 1.1 [0.0,2.5] <47
80Co germanium 0.6 =0.1 1) 0.6 =01 1) 9.2 [4.512.9] 1.0 [0.3,1.0]
58Ge germanium L5 (<6.7)
21 det. assembly 52  [4.7.5.9] 22 [0.53.1] 49 [3961] | 51  [3.169]
214B; LAr close to pf 3.1 <47
2144 pt surface 14 [1018%) 13 [09181h | 37 [27481H | 07 [01,13 1)
i 11 radon shroud 0.7 < 3.5
228y det. assembly 45  [3.95.4] 16  [0.4,2.5] 40 [2563] | 42 [1884]
2258 Th radon shroud 1.7 <2.9
o model pt surface 2.4 [2.4,2.5] 2.4 [2.2,2.5] 3.8 [3.5,14.2] 1.5 [1.2,1.8]

1) prior: discussed in sec. 5

26/11/2013
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