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Neutrinoless double beta decay

Postulation of the neutrino - single beta decay
ﬂ"ﬂ’pq..,r f’gfvrqn—u_uf Pec 2393
Absohrift/15.12.86 Wt

Offener Brief an die Qrunpe der Radicaktiven bel der
Gauvereins-Tagung zu Tibingen.

Abgchrift

Physikalisches Institut

der Eidg. Technischen Hochschuls Zirichs Lo Des. 1930
dirich Oloriastrasse

Idebe Radicaktiwe Damen und Herren,

Wie der Usberbringer disser Zeilen, den ich uldvollet
ansuhtren bitte, Ihnen des niheren suseinandersetsen wird, bin ich
angesichts der "falschen” Statistik der Fe und Li-6 Kerne, scwie
des kontimuierlichen beta-Speictrums suf oinen versseifelten usseg
verfellen um den "Wechselpats® (1) der Statistik und den Energlesats
su retten. MNimlich dis Moglichikeit, es kBnnten elelkctrisch nsutrele
Tellchen, dis ich Kevtromen nemmen tl‘L'L'L. in den Eernen existiersn,
welghe den Spin 1/2 haben und das husschliessungsprinsip bafolgen und
‘ghgh von Lichtquanten musserdsm noch dadurch unterscheiden, dass sila

mit Lichtgeschindigrelt laufen. Die Hun der Heutronem

von ‘ dmang wie die El sedn und

s nicht gridsser alas 0,0l Protonemmasse.- Das kontimilerliche

Speictrum wire dann indlich unter der Amelme, dase beim
bolineZorfall mit dem klektron jewsils noch ein Neutron emittiert
aipd, derart, dass die Summe der Energisn von Neutron und Elektrom
kenstent iste
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Neutrinoless double beta decay
Mass parabolas of odd-odd, even-even nuclei
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e Even-even nuclides are more stable (smaller binding energy)

e Beta decay transforms even-even nuclides into odd-odd nuclides

e For a few isotopes the next odd-odd nuclide can have higher binding energy
= In such a case single beta decay is forbidden:
= Double beta decay is allowed 2n — 2p +2e” + 20
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Neutrinoless double beta decay

Double beta decay spectrum

e Standard Model - two neutrino double beta

n P decay:
W~ _ e Emission of two neutrinos and two electrons
Ve e Continuous spectrum (neutrinos usually escape)
N e Has been observed for 11 isotopes
e
- e

<
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Neutrinoless double beta decay

Double beta decay spectrum

e Standard Model - two neutrino double beta
n P decay:
e Emission of two neutrinos and two electrons
e Continuous spectrum (neutrinos usually escape)
e Has been observed for 11 isotopes

e Neutrinoless double beta decay:

e Emission of only two electrons
e Peak at Qg = 2039%eV (for "°Ge)
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0.001
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Neutrinoless double beta decay

Neutrinoless double beta decay (0v35)
e Process of form: (A,Z) — (A,Z+2) +2e~

e It violates Lepton number conservation by two
units

o Implies physics beyond the standard model

o Schechter-Valle theorem: All realizations of
OvBp are connected to a Majorana neutrino
mass
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Neutrinoless double beta decay

Neutrinoless double beta decay (0v35)
e Process of form: (A,Z) — (A,Z+2) +2e~

e It violates Lepton number conservation by two
units
o Implies physics beyond the standard model

e Schechter-Valle theorem: All realizations of
OvBp are connected to a Majorana neutrino
v mass

- e e Simplest case: Annihilation of neutrino and
anti-neutrino.
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Neutrinoless double beta decay

Neutrinoless double beta decay (0v3/3)
e Process of form: (A,Z) — (A,Z+2) + 2e~

o |t violates Lepton number conservation by two
units

o Implies physics beyond the standard model

e Schechter-Valle theorem: All realizations of
OvBp are connected to a Majorana neutrino

v, mass
W e e Simplest case: Annihilation of neutrino and
d—o anti-neutrino.
n P e Any AL = 2 process possible

o Higgs triplet, SUSY,...: Important connections
to high energy particle physics

e sub eV Majorana mass <+ TeV scale physics

Marco Salathe (MPIK) Results from GERDA Phase | LAPP, Annecy, January 10, 2014 5 /40



Neutrinoless double beta decay

Neutrino mass formula

Experimental limits

( ) 1_ Isotope | Qag, keV T{)VT yr mgg, eV
BC 4272 >58x102 | <14
2 a
GO”(QBB7 Z)|Mou|*mis5 76Ge 2039.0 >1.9x10% | <02-0.7
82 23
ov y—1. . - Se 2996 > 3.6 x 10 <08—24
* (T172)7": Half life of isotope, %7, 3350 >92x10% | <3.9-13.7
measured 10000 | 3034.4 S11x10% | <03-07
o Go.(Qsp, Z) phase space 16cd | 2813.5 >1.7x108 | <1.2-22
e Mo nuclear matrix element 128Te 867 >15x10%* | <1.8—4.2
ov: Nuclear matrix element, 130Te | 2527.5 >28x10% | <04-08
calculated 136Xe | 2458.7 >1.6x10% | <0.1-0.4
150Nd 3371.4 >18x102 | <22-75

e mpgg: effective Majorana mass:

3
mgs = | 37 Uzmi|

e U: PMNS matrix (measured in
neutrino oscillation experiments)  Claim of observation: KKDC: 71.7 kg - yr: T =

e mj: mass eigenvalue

Sensitivity of an experiment:

A. S. Barabash, http://arxiv.org/abs/1209.4241

1/2 =

1.2(0.7-4.2)-10%% yr (Phys Lett B586 (2004) 198)

26
1/2( ) = %}YOW (EWE;)

Mt

bA(E)

e ¢ detection efficiency

e a abundance of isotope
Marco Salathe (MPIK)

o W molecular weight of source
o Mt exposure [kg yr]
e b background index (BI)

e A(E) instrumental spectral width
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The GERDA experiment - collaboration

http:/fwww.mpi-hd.mpg. de{gergaf
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The GERDA experiment - millestones and location

GErmanium Detector Array

e 2004: Letter of Intent

o R&D: material selection and
screening, tests of bare diodes
in LAr

e 2008-2010: construction at
LNGS (Laboratori Nazionali
del Gran Sasso, lItaly,
3400mwe)

e 2010-2011: commissioning
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The GERDA experiment - millestones and location

GErmanium Detector Array

e 2004: Letter of Intent

o R&D: material selection and
screening, tests of bare diodes
in LAr

e 2008-2010: construction at
LNGS (Laboratori Nazionali
del Gran Sasso, Italy,
3400mwe)

e 2010-2011: commissioning

e Nov. 2011 - May 2013: data
taking Phase | data

e Change to Phase Il presently
ongoing
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active cooling
system inst.

Miewinside

water tank

Cryostat filled since
December 2009
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The GERDA experiment - setup
‘ _ — - “r‘(‘:‘;‘;@g
Water tank | C‘_; _ __tl\ -4 ol

Bas il 2 )= I

e 590 m? ultra-pure water

® neutron B ———
moderator/absorber

e muon Cherenkov veto

Il W= Y
Large Cryostat y

e 64m> LAr ‘ 1
e cooling medium all
e passive shielding '
1 ﬁmm:‘

| Plastic scintillator

e active muon veto
o . L
» A

Ge detector array j
Clean room

e 3-string arm with 9
coaxial detectors, 1-string
arm with 5 BEGes

e bare germanium detectors ’
on low mass holders

o detector handling
in glove box in
nitrogen
atmosphere
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The GERDA experiment - detectors

o Why germanium? 60-80 mm

e Solid even at room temperature

e Very good energy resolution

o Detector material = source material

e Deployed detectors:

o Refurbished semi-coaxial detectors from HdM
and IGEX experiments

e n+ conductive Li layer, separated by a groove
from the boron implanted p+ contact

e Phase Il detector type, already used: BEGe -
broad energy Ge detector p—(t;ype

e

e Semi-coaxial detectors: 2 - 2.8kg, BEGe ~0.7kg

p*electrode

70-110 mm
[_IXR0D

n* electrode

(read-out) 3.4 kV
ov \
T 1! /
g
o]
El| ptype 5
B Ge e
[Te}
N
65-80 mm
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The GERDA experiment - production of new diodes

al DRSS Navy, NGA GE
L7312 /Cnesispotinage
age D201 2 erraletrics

=y
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The GERDA experiment - strings

e Used in this analysis:

since Nov. 11: 6 enriched semi-coaxial : ANG2,3,4,5, RG1,2 14.63kg
1 natural semi-coaxial: GTF112 2.96kg
since Jul. 12: 4 enriched BEGe : GD32B,C,D, GD35B 3.00kg

e Enrichment of "®Ge: 86-87%
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The GERDA experiment - calibration and data processing

- . ‘GERDA 1347
5 . Shiftof 26145 keV position 7|, all coaial detectors |
= 2;— g80 - FWHM:
I o g 4.47£0.12 keV
of ;
= 40 —
= i
= 20—
2 L
- __\ P S R B T os 30 1545 -
Now/t1 Jan/12 Mar/i2 May/12 Jul12 AugH2 Ocv12 Decd2 Mar13 May/13 energy [keV]
Analysis
o Processing: diode — amplifier — FADC — digital filter — energy/pulse shape/etc
o Selection: anti-coincidence muon / 2nd Ge (~20% rejected at Qgg), quality cuts
(~9% rej.), pulse shape discrimination (~50% rej.)
e Calibration: *®Th (bi)weekly and pulser every 20 seconds for short term drifts
Results

o shifts are small compared to FWHM ~0.2% Qgg
e peak pos. within 0.3keV at correct position (here for *?K)
o FWHM ~4% larger than expected from calibration data
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The GERDA experiment - data taking

c runs 25-32,34-43,44-46 CGERDA13:05 o 5,
S 10 = —{22x
g L Wil 2
© T 20=
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o i1 163
> e H
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OO P 1 1 T 1N 0
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date

Stable data taking during most of the time (492 d, duty cycle 88%)

o total exposure: 21.6 kg-yr

Blue spikes indicate calibration measurements

Break during deployment of BEGe detectors
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The GERDA experiment - data blinding

Cutout because of

background |line
AE
«— ——
Blinded
Window E (kaV)

Background analysis window

Blinding is done for avoiding biases (due to low statistics)

During data taking: All events in Qgg £ 20keV removed

May 2013: All events up to Qg % 5keV unblinded = additional check
2 copies of raw data kept for processing after unblinding
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The GERDA experiment - data blinding

o
8

coaxial diodes, E: 1550-3000 keV

GERDA-1308]

counts/(kg day)

=}
-
[

0.10

g :
gt iy |

insertion of BEGe

L L L L L L
Jan-12 Apr-12 Jul-12 Oct-12 Dec-12 Apr-13

0.05

TTTT[TTT T

0.00

date

Blinding is done for avoiding biases (due to low statistics)
During data taking: All events in Qg £ 20keV removed
May 2013: All events up to Qgs % 5keV unblinded = additional check
2 copies of raw data kept for processing after unblinding
Data processing details fixed before unblinding:
e quality cuts
e pulse shape discrimination parameters
e analysis method: three data sets

golden coaxial = 17.9 kg-yr
silver coaxial = 1.3 kg-yr
BEGe = 2.4 kg-yr
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The GERDA experiment - data blinding

o
8

T T T rITr

coaxial diodes, E: 1550-3000 keV §|
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0.00
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Blinding is done for avoiding biases (due to low statistics)
During data taking: All events in Qgg £ 20keV removed
May 2013: All events up to Qgs % 5keV unblinded = additional check
2 copies of raw data kept for processing after unblinding
Data processing details fixed before unblinding:
e quality cuts
e pulse shape discrimination parameters
e analysis method: three data sets
golden coaxial 17.9 kg-yr
silver coaxial 1.3 kg-yr
BEGe 2.4 kg-yr
e Date unblinded in June 2013
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The GERDA experiment - spectrum

enriched coaxials, 16.70 kg x yr | GEROA1305 ]

5

Visible backgrounds:

counts/(s keV)
Bi-214 1765 keV
Bi-214 2204 keV
TI-208 2615 ke

e Double beta decay of

76
o Ge
1 e [ decay of
w cosmogenic Ar
B 2z [ enriched BEGes, 1.80 kg x yr | = 5 s g
B v g8 0% e Alphas (decay on p+
Cw §% ol surface, *®Ra, ?>2Rn

210 PO)

e Decay of **K on the
surface or close to the

s E s> natural GTF 112, 3.13kgxyr | ™55
¢ g e detector from *?Ar
F10° 3 8 x ..
£ & 3 (mini shroud was
10° 15 El
MM 8 deployed to reduce

1 this background)

) 10"

o 1000 2000 3000 4000 5000 6000

7000
energy (kev)

http://arxiv.org/abs/1306.5084 (accepted by EPJC)
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The GERDA experiment - background model

E
— model — ka2 ~— Co60H H
--- K40 —CosoinGe |

— Ac228 —Bi214H

--- Alphas

~—Th228 —Bi214P
LV, L

S B s St I

energy (keV)

T0F  cosmn 7 gef T
8 { s E
3 10 310 E,
E % ;e) E ™
810 ¥ s 108
e i T
. iﬂ]ﬂ
2 odalalmodell ! i 2 55 °dla'a/modell
- C R
3 E99.9% 2 8E :
] ]
£ E 2E
s R
g g
g L L g o
600 800 1000 1200 1400 1600
energy (keV)
3 F
. . 310
e Fit of combination of MC spectra to e E
data between 570 keV and 7500 keV g 10

e Good fits, however not unique (different

models possible)

e Close background sources dominate:

2Ar, 22Th, 2Ra in holders, o

particles on detector surfaces.

oumasa)

== model

=% on surface
- -?®Ra & daughters on surface
---?Ra & daughters in LAr

data/model ratio

http://arxiv.org/abs/1306.5084 (accepted by EPJC)

Marco Salathe (MPIK)

Results from GERDA Phase |

0
energy (keV)



The GERDA experiment - background model

% 8
=< —2upB Th228 H Co60 H 2
g - == Alphas Ac228 H — Co60 Ge g
3 —Bi214H — K42 LAr

— Bi214 p+ ---K40H

-

™ —

1 ﬁﬂ:ﬂmﬁmm
-
05— a, . ):L‘!l.\

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

e Background flat between 1930 keV - 2190 keV w/o 2104 keV and 2119 keV peaks
e No line expected in the blinded window

e Linear fit with flat background excluding 2104 £ 5 keV and 2119 £ 5 keV peak
regions

e For OvB3p analysis a flat background around Qgg can be used

http://arxiv.org/abs/1306.5084 (accepted by EPJC)
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The GERDA experiment - 2v3(

%
e Region between 600 keV and @
1400 keV dominated by 2v30
decay
o Global fit of background model
contains this distribution
e |t is possible to extract 2v33 3
half-life g
T7, = (1.8440.14) - 10* yr °
e This is the best current limit g
for this decay 3
£
g

J. Phys. G: Nucl. Part. Phys. 40 (2013) 035110
Marco Salathe (MPIK)
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The GERDA experiment - pulse shape discrimination

weighting potential

-40 -30 -20 -10 |0 10 20 30 40
[mm]

FADC

Exploit different pulse structure of

o single-site events (SSE)

o multi-site events (MSE).
OvfBp events are SSE: (1 MeV electron has range of
~1mm)
Compton scatted MeV ~'s more than 10x larger
range = MSE
Surface events: only electrons or holes drift =
characteristic pulse shape
Coaxial and BEGe diodes have very different E-fields
= different PSD properties and algorithms
PSD developed with calibration and physics data:
228Th spectrum, certain features used as proxies for
signal-like (DEP,Compton Edge,233) and
background-like events (FEP).

http://arxiv.org/abs/1307.2610 (accepted by EPJC)

Marco Salathe (MPIK)
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The GERDA experiment - pulse shape discrimination
BEGe detectors:

e A = Amplitude of current pulse

e E = energy reconstructed with shaping filter

e A / E is a robust, simple and well understood cut parameter

510 510
3 3
o8 08|
0.6 0.6)
04f 0.4
02 02
00| n n - n
31200 1400 51600 31800 52000
t [ns]
1O TERPA T,
3 o +
08|
0.6|
0.4
02
0.0 n T 1 T 0.0 i i n T L
1200 51400 31600 1800 52000 31200 1400 51600 51800 52000
t[ns] t[ns]

http://arxiv.org/abs/1307.2610 (accepted by EPJC)
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The GERDA experiment - pulse shape discrimination

BEGe detectors:

GeRDA 1306

1.07

0.965
—— A/E cut
= data
[ blinded region

]
al
=1
S

L
4000

5000
energy [keV]
—~2F g
< H
s before A/E cut K] :
2 B ofer AE cut s a
£
@ [ blinded region 3]
2
c
3
o 50 1900 1950 2000 50 2100 2150 2200
10 energy [keV]
1
| | |
1000 2000 3000 4000 5000

| | |
6000 700 8000
energy fke\/]

http://arxiv.org/abs/1307.2610 (accepted by EPJC)

SSE accepted for 0.965 < A/E
< 1.07

Ovfp efficiency = (92 £ 2) %
(from DEP efficiency and
simulation)

2v3p efficiency = (91 + 5) %
(good agreement with DEP
eff.

80% of background events
rejected around Qgg
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The GERDA experiment - pulse shape discrimination
Coaxial detectors:

CERDA 1306

full energy peak FEP

GERDA 13.05]

intentity [a.u.]

double escape peak DEP

radius 6 mm

current [a.u.]
o
o
ol

26mm 32 mm

38mm @A=0.05 @A=081

o .

=3

kS
AARRERARENRARRERERRERRRRS RRRN

0.01

o
ST

h L
500 600 700
time [s] time

! ! ! !
100 200 300 400

e Artificial neural network (ANN) : TMIpANN implemented in TMVA (ROOT)
Input: time when charge signal reaches 1%, 3%, ..., 99% of maximum amplitude
Ov3 efficiency (from DEP and simulation): (90 +0.05/-0.09) %

About 45% events rejected around Qgg
Cross checks:
o 2UBB eff = (85 + 2) %
e 2.6 MeV v Compton edge eff. = 85-94 %
e Co-56 DEP (1576 and 2231 keV) eff. =83 -93 %
e Simulations

http://arxiv.org/abs/1307.2610 (accepted by EPJC)
e S



The GERDA experiment - pulse shape discrimination

Coaxial detectors:

w
o
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Cross check ANN classification with 2 other methods:

e Projective likelihood trained with Compton edge events

e Current pulse asymmetry x A/E

e 90% of ANN rejected events also rejected by both, 3% only rejected by ANN
= Classification of background like events meaningful

http://arxiv.org/abs/1307.2610 (accepted by EPJC)
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Ov 3 analysis - unblinding

w

counts/keV
T

2045 2050 2055

GERDAT

1,

2060

2025 2030 2035 2040
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38— > >

x | 2 2| =
Yol '8 a|o
2 L 2 &

g H

34

S L

N

Expected background from interpolation:

5.1 events w/o PSD
2.5 events with PSD

Phys. Rev. Lett 111 (2013) 122503

Marco Salathe (MPIK)
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214Bj 2204 keV

2200
energy [keV]

open box = w/o PSD
grey box = with PSD
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Ov 3 analysis - unblinding

3= GERDA 13-07|

counts/keV

—

open box = w/o PSD

0

2025 2030 2035 2040 2045 2050 2055 2060 g

s [ oo background interpolation- - - % ] grey box = with PSD
> 8l— > > > || >
~ | ) ] 2. 2
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Sel- '8 Ko ||
D o 1<) RN
2 b [ 5 1NN «
g - : | —
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8 L . B
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Expected background from interpolation: observed:
5.1 events w/o PSD 7 events w/o PSD
2.5 events with PSD 3 events with PSD

Phys. Rev. Lett 111 (2013) 122503
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Ov 3 analysis - calculating the half life

In2-N
oy _ M WA o
T1/2 = e - NO¥ € ¢,

g = f76 . fav * Efep * Epsd

Data set ‘ Exposure (kg-yr)

Golden-coax | 17.9
Silver-coax | 1.3
BEGe | 2.4

Na

Menr

Efep
Epsd

Avogadro number,

molar mass of enriched Ge,

signal counts/limit,

total exposure,

exposure averaged efficiency
enrichment fraction,

fraction of active detector volume,
full energy peak efficiency for Ov38,
signal acceptance

‘<f76>‘<fav>‘<5fep>‘ <5psd>‘ <e>
Coax 0.86 0.87 092 | 0.9079% 0.61973%7%
BEGe 0.88 0.92 0.90 | 0.92+0.02 | 0.663 + 0.022

Phys. Rev. Lett 111 (2013) 122503
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Ov 3 analysis - unblinding

— GERDA 13-07]

w

counts/keV
N

o

open box = w/o PSD
grey box = with PSD

2025 2030 2035 2040 2045 2050 2055 2060
ffffffffffffffff background interpolation- - -

T

2039 keV

~ 1930 kev 4
__2190keV

counts/(2 keV)
S (2]

214Bj 2204 keV

N

1900 1950 2000 2050 2100 2150 2200
energy [keV]

Profile likelihood fit to the 3 data sets: constant (bgnd) + gaussian
e Given param.: p = (2039.06 &+ 0.2)keV, 0 = (2.0 £0.1)/(1.4 £ 0.1) keV coax/BEGe
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Ov 3 analysis - unblinding

— GERDA 13-07]

w

counts/keV
T

0025 2030 open box = w/o PSD

2035 2040 2045 2050 2055 2060 !
ffffffffffffffff background interpolation- - - ¥ grey box = with PSD

=
&

counts/(2 keV)
(2]
= 1930 keV 4
... 2190 kev
214Bj 2204 keV

LSRR
1900 1950 2000 2050 2100 2150

2200
energy [keV]

Profile likelihood fit to the 3 data sets: constant (bgnd) + gaussian

e Given param.: p = (2039.06 &+ 0.2)keV, 0 = (2.0 £0.1)/(1.4 £ 0.1) keV coax/BEGe
e Frequentist: best fit N =0 = T(1)72 >2.1-10%yr (90% C.L.)
e Bayes: best fit N =0 = T(1)72 >1.9-10%yr (90% C.1., flat 1/T prior)
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OvBf analysis - other ®Ge experiments

e This can be combined with previous "®Ge experiments (IGEX and HdM)
o Almost identical limits with Frequentist and Bayes approach

T, > 3.0-10%®yr (90% C.L.)

Marco Salathe (MPIK) Results from GERDA Phase | LAPP, Annecy, January 10, 2014 29 / 40



OvBf analysis - other ®Ge experiments

e This can be combined with previous "®Ge experiments (IGEX and HdM)
o Almost identical limits with Frequentist and Bayes approach

T/, >3.0-10%yr (90% C.L.)

w
[

=y GERDA 13-07
Q
(o7

2039 keV

counts/keV
N

0

Ll PR
2025 2030 2035 2040 2045 2050 2055 2060
energy (keV)

e KK claim (observation with Tf/”2 = 1.2 - 10%yr) strongly disfavoured

o Assuming the KK claimed signal, GERDA should see 5.9 + 1.4 Ovf3 events in £20
interval above bkg = 2.0 £ 0.3

o probability p(No, = 0|H1 = signal + bkg) = 1%, claim ruled out at 99%

o Bayes factor H1(= signal + bkg)/HO(= bkg only) = 0.024
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OvBf analysis - limit from 136Xe

Coaxial detectors:

10%8 T
=
a .
S Ge combined T
©
2 GERDA Phase |
i
claim (20
102 i
—>
S
S N8
AN o2 i3
EAE A RU< [
Qg (<‘2> Y] o
[ ‘@ Ol o
D G )
2 |2 ! X >
0
102 10% 10%

Marco Salathe (MPIK)

0% ("*8Xe) [yn
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Bayes factors:
e EXO 0.23
o KamLAND-Zen 0.40
e GERDA
e 0.024
e All combined 0.002

HdM claim even stronger
disfavoured

= the quest for Ov 3 decay is
open again!
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Outlook - Gerda Phase Il

Marco Salathe (MPIK)

sensitivity Tlo/uz(76 Ge) ~ 1.4-10% yr at 100 kg-yr

Reduce Bl by another order of magnitude to 0.001
cts/(keV-kg-yr)

more BEGe detectors with better PSD and resolution
instrumentation of LAr to veto specific backgrounds
less and cleaner material in detector holders, cables, ..
double detector mass (15 kg coaxial + 20 kg BEGe)
new readout electronics, radio-purer + better resolution

get exposure of ~100 kg-yr within 3 years

Results from GERDA Phase |



Outlook - The next generation of Ov33 experiments

Experiments | Isotope | Mass of | Sensitivity of | Sensitivity of

Isotope (kg) | Ty, (years) | mgs (meV)
CUORE e 200 6.5 x 10%° 20 - 50
(2013) 2.1 x 107 35-90
GERDA ®Ge 40 2 x 107 70 - 300
(2011) 1000 6 x 1077 10 - 40
MAJORANA | ™Ge 30-60 1-2x10%| 70-300
(2013) 1000 6 x 10% 10 - 40
EXO 1%e 200 6.4 x 10% 95 - 220
(2011) 1000 8 x 10%° 27 - 63
SuperNEMO | 82Se 100-200 1-—2x10% 40 - 100

(Proposal)

(A.S.Barabash arXiv:0807.2948)
(S.R.Elliott arXiv:1203.1070)

All sensitivities beyond 10% yr |

LAPP, Annecy, January 10, 2014 32 /40



Outlook - Aims of Ov3f research

(TIO/VZ)_I = Goy(Qgﬁ, Z)|Mo,,|2mf;5 = mgp < 0.2-0.4eV

I
sotope Required background level

mass | in the ROI
~10kg 2012 I : QD _
(200 - 400kg B%Xe) a 100 - 1000 cts/yr/ton

~100kg 2015 [o!f 1-10 cts/yr/ton

~ 1000 kg 0.1-1 cts/yr/ton

Lol

0.001

|

1605 00001 0.001 001
ST eteov 2009 1 PhysConf ser, 73012025 TOMIN (eV]

e 1T scale experiments are required
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Conclusion

GERDA Phase | results:
o unprecedented Bl of 0.011 + 0.002 cts/(keV - kg - yr) with PSD
e no indication of peak at 2039 keV

half life limit for Ov53 decay of Ge-76:

T, > 2.1-10% yr (90% C.L.)
T, > 3.0 10% yr (90% C.L.) with HdM + IGEX

The HdM claim is strongly disfavoured

The quest for Ov33 decay is open again!

The next years will see a variety of experiments searching for 0v33 decay of "°Ge,
130Te and **Xe with largely improved sensitivities.
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Backup

the (MPIK)

GERDA Phase |



Backup

What HdM value to compare with?
a) 2004 publications: NIM A522 371 & PL B586 198

’5 - 71.7 kg-yr entire data set: 71.7 kg-yr (active mass)
Q 28.75 + 6.86 signal events

] T9,=(1.19"53)-10" yr

S data for PSD analysis: 51.4 kg-yr

19.58 + 5.41 signal events

, | | T1>=(1.25%3)-10"yr

S oo ma e lmo e me with PSD applied:

o 12.36 + 3.72 events

DEP survival fraction ~ 62%
- T9,=1.23-10"yr

i

i PSD survival fractions
" DEP

Without efficiency correction:
T9,=1.98-10"yr

No efficiency correction is
applied in any publication!
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Backup

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

8 T T T T T
] PSD based on 3 previous methods

PSD (2 neural networks + pulse boardness)
»y  spectrum after PS & library of SSE pulses:

Event accepted IF pulse in library OR
4 1 found by neural network of Ref. 16 but
3] _ 1 not by the other two neural networks
’ NO event overlap between the 2 sets!?
g juim i) LU
O OO 0 statement of publication:
00 =00 Qﬂmmﬁ“m?”“” 250250 “multi site events are suppressed

by 100%”,

fit gives 11.32+1.75 signal events . .
g & — Ovpp efficiency = 1 used for T},

- T1,=(2.2373%)-10® yr

error on signal count not correct emC'enCy factor nOt considered
since smaller than Poisson error | — calculation of TM not correct
- GERDA does not use this result
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Backup

cts/(1 keV)

A
3 ANG3
= g 2
- DEP 8 =
5 —— without PSD S
3 —— with PSD =
(]
2
FE 10° g
B [
E 1570 1,605 1640
energy [MeV]
¥, v |
V=1
14 16 18 2.0 22 24 2.6
energy [MeV]
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Backup

Profile Likelihood - All "Ge data

2 °F H !
g .E H K
= 45 ' h
E H /
E =i
4= =1 J
— Wy 1 v
— (] 1 '
E = h
35— — /!
= XA p
3 =i
B o —— GERDA
25 o ’ -~ IGEX
E [ Y &7 s R
B : HdM
= 76~
= E — AJI Ge
:
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Backup

1
Disfavored by 0v33
sin 20,5 = 0.10 )
0.1} S 2613 ~
— : g
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> ' g

= 0.01 g
8 O
£ =
Na)

B

0.001 g
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