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Isobar curve A = 76 & double beta decay
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Evaluator: B. Singh
For Majorana particle :

(A,Z) >(A,Z+2)+2e possible
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— (A,Z+1)+e+v forbidden

— (A,Z+2)+2e+2v is allowed.

.

Sn,

A=76
NDS 42, 233(1934)
NDS 74, 63(1995)(U)

%4283 S

ekl

77226

78
32

Ge

Sy 732844

- 1.0778d
Toas N
33AS o

0, 2962.0

B B,

<0.6%

Maria Goeppert-Mayer (1935)

Sp.....{15800),
.S..". ...... DS_EB. Sp _(ds00)
0 89s
5, 12008 76
s Sp__ 3628 EC 385r
8n 0221 19 3655 Qg (8100)
S 7129 TSR b
""""""""""" EC 37
Sp.....5408
Q8408
e
< o+ 148h
@S 10288 e
o EC 36Kr
6
Ec 5Bl
Qg 1310
Qg 963

Very rare decay
T, >10%0 years !
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A Allowed double beta decay....

GERDA

For some nuclei single 3 decay is impossible
But 2[3 decay is allowed

Energy N
A 76 S
_____ "Ge ,’/& Forbidden B transition
0 Transition Bp
i /  allowed
v 6Se
: l l » /
Z Z+1 742
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Ettore Majorana (1937): the neutrino its own particle (?)

In 1937 Ettore Majorana:neutrinois its own anti-prticle

mmp |f neutrino is Majorana: 33 without neutrino emission

0.003

0.002

0.001

2vBP

76Ge
Q =2039 keV

0 500 1000 1500 2000
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OvpBp decay and neutrino mass

GERDA

(Z A)> (Z+2, A) + 2e-
Expected decay rate:

n P
W © 5
Ovy—-1 _ —~0v Ov|2
" (T,) =GO, Z)M'f (m,,)
X / N
Vi ! Phase space integral Nuclear matrix element
W e
n p <mee> — ZUGZI M.| Effective neutrino mass
i

L =2 = Prohibited by SM . )
Light Majorana neutrino exchange U . Elements of (complex) PMNS mixing matrix
Q= Mi- Mf - 2me °!

Discovery of OvB3B decay would imply:
e l[epton number isviolated AL = 2

e v's have Majorana character

e physics beyond the standard model
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’6Ge OvBP search with HPGe detectors

% at | | | "Ml 355 kg y (SSE)

Eﬁ 05 [ [ 153.9kgy ]

=1 expected Qv line 1 Heidelberg-Moscow

: 1 (H.V. Klapdor-Kleingrothauset al.)
(Eur. Phys. J. A 12, 147-154 (2001)):

53.9kgy: T,,% > 1.3 x1025 yr (90% C.L.)
35.5kgy: Ty,%>1.9x10% yr (90% C.L.)

2010 2020 2030 2040 205 2060 2070 2080
energy [keV]

12

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

Counts / 2keV

8.8 kgy: T, >1.6x1025 yr (90%C.L.)
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klapdor'-KIeing'rothau's etal.
287 NIMA 522 (2004)
PLB 586 (2004)
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Klapdor-Kleingrothaus et al.,, NIM A 522 (2004),

PLB 586 (2004):

e 71.7 kgyear - Bgd 0.17 evt/(kg yr keV)
e 28.75+ 6.87 events (bgd: ~ 60)

e Claim: 4.2c evidence for OvBp

* reported TV, = (1.19793}) - 10% yr
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76Ge OvBP search: the claim

N.B. Half-life Tj,,%v = 2.23 x102° yr after

PSD analysis (Mod. Phys. Lett. A 21, 1547

(2006)) is not considered because:

 reported half-life can be reconstructed
only (Ref. 1) with e,5q = 1 (previous
similar analysis €,5q =~ 0.6)

* & = 1 (also in NIM A 522, PLB 586
(2004)

(GERDA value for same detectors: &g, =

0.9

S €0 Korea January 20-21th, 2014
jTﬁ ~hwinoenh euermjnn Phvs 525 269



A The GERDA searches for Ovp-decay 7°Ge - 76Se + 2 e

GERDA

- Idea by Gerd Heusser 1995: naked HPGe detectors

- GERDA proposal 2004 f . N

- construction 2006-2010 /ﬂ

- commissioning 2010-11 o el s
- physics data Phase I: 2011-13 %

I

L

Hall A LNGS
3800 m.w.e. ‘Bare’ e"Ge arrayin liquid argon
Muons flux Shield: high-purity liquid Argon / H,0
suppression Phase I: 18 kg (HdM/IGEX)

10° times Phase Il: add ~20 kg new enriched

detectors
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A Artists view of the GERDA detector

GERDA

: Eur. Phys. J. C (2013) 73:2330
plastic pu-veto

clean room with lock and glove box for detector handling
,}gn )

; ryostat B4m,

with internal
Cu shield

LSS TRk
muon & cryogenic
infrastructure

|
._' '_!
control rooms = , =/
y
Ge detector array -
~ (enriched in 76Ge) | 1 41
!V ‘ i | A
| 4 A
=1 =
\ |

water plant &
radon monitor

. a Uil

water tank, @10m,
part of muon-veto detector
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<> Water Cherenkov detector and plastic scintillator muon veto

GERDA |

Eur. Phys.J.C(2013) 73:2330
arXiv:1212.4067

Plastic pi-veto -
12 panels x 3 layers

66 PMT (8")
(0,5% of the surface)
VM2000 reflective foil
Overall muon
reject efficiency
e =0,991
Bl, < 103 cts/keV-kg-yr

S | prlii
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http://arxiv.org/abs/arXiv:1212.4067

Phase | detectors: semi-coaxial detectors

] Eur. Phys.J. C(2013) 73:2330
8 diodes (from HdM, |GEX)Z arXiv:1212.4067

 Enriched 86% in 7°Ge
* Total mass 17.66 kg

e HdM & IGEX diodes
reprocessed at Canberra,
Olen

e Longterm stability
in LAr w/o passivation layer

6 diodes from Genius-TF:
° natGe
e Total mass: 15.60kg

e Energy resolutionin LAr:
~2.5 keV (FWHM) @1.3 MeV E
65 um Cu cylinder
(“mini-shroud to
Shield E-field”)
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http://arxiv.org/abs/arXiv:1212.4067

BeGe detectors for Phase i

Signal for different trajectories

Trajectories 1500 [ ;
anode 5 1200 - .

—— cathode L ]
— electrons : .
-------- holes C ]
o] interaction point B i

0 100 200 300 400
time [ns]

» BeGe: Broad-Energy Germanium Detector (Canberra)
» No bore-hole, small contact:

charge[a
o888

current [a.u.]
888K

» Small capacitance, higher energy resolution
» Strong weighting field

» Charges from different points — signals at different times

5 BEGe's (3,63 kg) inserted in GERDA in July 2012 ‘ 2
-\
13
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Production of e"Ge Phase Il detectors

ransportsin
elded

+9- 5 working Hl5_én Ge
s co detectqfs_ moynted in

fShotiimage e '

2:TerraMetrics 'r GERDA’{L_‘ § ]

.-! /
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Wi

Energy calibration & data processing of HPGe detectors

GERDA

» weekly calibrated spectra with 222Th sources and pulser with 0.05 Hz frequency
» data useful for monitoring of resolution and stability over time
* FWHM at Qg5 isabout 4.8 keV for Coaxials (0.23%) and 3.2 keV (0.16%) for BEGes
arXiv 1212.4067
Summing all runs:
= 5-4;— resolution of coaxial detectors @ 2039 keV .G::Z:% Peak position stability of 2614.5 keV calibration
= 52 } .2:22 line: coax: 1.5keV / BEGe: 1.0 keV (FWHM)
s C
T 50— {' %% {’ H mANGS5
: :.“{lwﬁyi}h oo uﬁ a1 .
< a8 I ¥ i . .rG2 arXiv:1306.5084
2 46 1 l - 1.;_}} § i bl g% i K% wodl 1ol detector  FWHM [keV] | detector FWHM [keV]
2 J@% ST RN RL IR DM Bt l;’ﬁl% i SUM-coazx | SUM-bege
= 4'45 Energy resolution of coax detectors at 2039 keV ¢ KQTE—: ’;f Elii Egjj? j?EB
“2 417 4 .}f '% B L Y R R T I 'H'H T ANG 1 19 (3) GD32D 3.7 (5)
4.0%"|‘.‘..‘..|.".‘|‘.|*‘.‘.." ANG 5 4.2 (1) GD35B 4.0 (1)
Nov/11 Janf12 Mar/12 May/12 Jul12 Aug/12 Oct/12 Dec/12 Mar/13 May/13 EE;"; jg Ei;
mean coax 4.8 (2) | mean BEGe 3.2 (2)

Data processing: diode — amplifier > FADC — digital filter — energy, pulse shape,...

Data selection: anti coincidence + quality cuts + pulse shape discrimination
(total fraction of accepted events = 65%)


http://arxiv.org/abs/1306.5084
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I. Phys. G: Nucl. Part. Phys. 40 (2013) 035110 (13pp)

doi:10.1088/0954-3899/40/3/035110

Measurement of the half—life of the two-neutrino
double beta decay of "°Ge with the GERDA
experiment
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T
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SU
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enriched coaxials, 16.70 kg x yr

GERDA-1305

] £
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E Rn 218p
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x
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1. .l

Blinding window
QBB+/'ZO keV

7000
energy (keV)

Physics energy spectra

arXiv:1306.5084

Phase | data splitinto 3 sets
- “golden coax” = 17.9 kg yr

all semi-coax data but 4 weeks
- “silver coax” =1.3 kg yr

4 weeks when BEGe inserted

- “BEGe” = 2.4 kg yr

background level:

2615 keV 1,1+0,3
[cts/(kg yr)]
1764 keV 3,3+0,5
[cts/(kg yr)]
avg@Qyp 0,018+0,002!  0,17+0,052
[cts/(kev kg yr)]

1 “golden coax” in 1930 — 2190 keV
2 1995-2003 data, 2000 — 2100 keV
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http://arxiv.org/abs/1306.5084

Background model

arXiv:1306.5084
— T T T T T T ig 93 L B R A B A B A B B A R L |
GOLD-coax 2 2 10 * data —2vpp === Alphas 3
8 o — model — K42 Co60H 3
2 402 == K40 — Cob0inGe  ©
b Ac228 — Bi214H
5 —Bi214P
> 10
1
10
osnanttessassatoessasesmmrerr .“.- -' o A 102 . T T T M »
214 odaga!modell ' ' ' ' 2 3 o data/model ' o ‘ ' ' o
(Tf 1.2 Clo5o ‘ £ 4 8% m
CRRE £99.9% 4.!__—---_ . g 3 599.9%
51'0 ~°°ﬂﬁun"°un°00 unoﬂn °° °u°°u°:o - g 2 ll- n° o ° ano
% 08 ——--- % 1 o - - : . ...t-m.2 = _aa ooouo — e
© &0 800 000 200 1400 1600 °0E= =500 S0 3000 3500°
energy (keV) energy {KeV}
- simulate known & observed backgrounds N P00 on surface ]
. . . @ -- zz:Ha & daughters on surface
- fit combination of MC spectra to data 5 -+ *"Ra & daughtors in LAr
in interval 570 keV — 7500 keV
-> relative contribution of backgrounds =
- no unique determination = -
£ sE o data/model
sS4 o beoe
« ” . . 3 3B =199 6°%
Close” background sources dominate: 2 OB
. 3 En=
427y, 228Th & 225R3 in holder, I By e -
4000 5000 6000 7000
a on detector surface. energy (keV)
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GERDA
> = Minimal model -
& — Wl data — 2vBB Th228 H Co60 H <
2 102 = UB data ==+ Alphas Ac228 H — Co60 Ge 8
o) = = model —Bi214H  =—K42 LAr
> 10 - —Bi214p+ ---K40H
1
10 [ - -
- - 5 - "-'l-:-»- =
102 |

events/keV

Physics run: background model and prediction of Bl at Qg

arXiv:1306.5084

1.0 l J | ‘ ..
05 blinded )‘_\Jl

1040 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140 2160 2180

energy (keV)

Navimum - modael
IR AL FAVIERA AR I ERAYAY A | 3
M data — 2vBp Th228 H Co60 H Bi214 LAr z
102 UB data === Alphas Ac228 H — Co60 Ge —Bi214 S 8
— model —Bi214 H — K42 LAr K42 p+ — Th228 HE
10 —Bi214p+ ---K40H ==K42 n+ Th228 S
Ac228 S
I
TH
|
10_1 lil ' =l = l-.j: Nl et ] T W LL '. .
P Lo L it R A St
— 2y L P A

1072

ot , Slwm ¥ Ty :
CAl AT e T e STEN N S Sy

1.0 | | I
0.5 e e o Mbllnded - __I-JTL-—\

T i R o

Background model:

No background peak expected
around Qg

Spectrum can be modeled with flat
background (red line) in 1930-2190
keV excluding known peaks at 2104
and 2119 keV

Background index (Bl) at Qgq (17.6-
23.8) 103 cts/(keV kg yr) depending
on assumptions for location of
sources

Statistical uncertainty of Bl from

interpolation coincides numerically

with systematic uncertainty from

model

Prediction for 30 keV BW:

Min./Max Mod: 8.2-9.1 /9.7-11.1
observed.: 13

=>» linear fit with flat background 1930-

2190 keV excluding peaks

1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140 2160 2180
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energy (keV)
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http://arxiv.org/abs/1306.5084

GERDA

Pulse shape discrimination

EPIC 73 (2013) 2583

Classification of (OvBB) signal-like (SSE) or background-like (MSE, p+) events

Weighting potential for coaxand
BEGe detectors are different

weighting potential

Coax
T T I T T I T T I
30 —
EXF i BEGe
=10 |- .
O _I I_

-40 -30 -20 -10

0 10 20 30 40
(mm]

FADC
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current [a.u.]

current [a.u. ]
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Current pulses of simulated SSE signals
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http://arxiv.org/abs/1012.4300

Pulse shape discrimination: BEGe

n+ 3 EPJC 73 (2013) 2583
25
-% ?q PSD discrimination
~ parameter: A/E
s (simple and robust)
][Ucnﬁg-l- ’

(b) [|Ew (7|

F  SSE
0.8 __Sl.gna.l_."ke. ...........................................................
oeF — Charge
F — Current
o 171 SRR . S0, YRR
02 ............................................................................
0.0 - - o = - 0.0 ; - T = -
81200 81400 81600 81800 Gﬁuuut ins] 81200 81400 81600 81800 82000
ns
210 __ ...... .p. -i— ........................................................... PrTTe)

0.8 ;—b.gd._.i.ike ............................................................

0.4 :_a.,.[i) ....................................................................
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Pulse shape discrimination: BEGe

EPJC 73 (2013) 2583
A/E of Compton continuum from Energy dependence of A/E A/E for 2vBB, Compton (1-1.4 MeV),
calibration DEP (1592 keV)

RERN 60:_ E ‘GERDA 13-06
8000 GEFDA 1506 10 ,.g E G 32B —_ 2vfip

£ — SSE + MSE s | =l Compton

5 8501

b e A oo

--- SSE %40:— 2
4000 < TE
rejected ooF-
20001~ 09 Kl ohysics data 10 105_
-~| —— {(E) from data i -
bt v P | —— 1(E) from calibration Eik ﬁ%& OEn =] L . -
0.92 0.94 0.96 0.98 1.00 1.02 1.04 500 1000 1500 2000, 2500 0.96 0.98 1.00 1.02 1.04
AE energy [keV] AIE
42K;B n+ surface dominated IZVBB acceptance: 0.9110.05
GERDA 13-06 AZ g
~ before A/E cut E 3
3102 B atter AE cut _‘;_' i
‘%’ [ blinded region E 1
1.07 £
>
0.965 8 O'g5p 1900 1950 2000° ‘2050 3100 2150 3200
* 10 energy [keV]
— A/E cut
= data
[ blinded region
1
L L L L L L L L L L L L L
3000 2000 5000 T T ooV 7T m
energy [keV] 1000 2000 3000 4000 5000 6000 7000 8000

energy [keV]

Rejects > 80% of bkg-like events & OvBB acceptance: 92+2 %
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“ Pulse Shape Discrimination: Coaxial

GERDA

3 independent PSD methods:

e likelihood classification (for cross-checking)

* PSD selection based on pulse asymmetry (for cross-checking)

e Artificial Neural Network analysis (ANN): SSE library: training with signal-like 2°8T| DEP ev
___ MSE library: training with background-like 21?Bi FEP (1621 keV)

F |
TR L P I : — _ :
o \ 3 s E 3 ANG3 z
g 2§ il oo .
Q0.8 RG1 = E 3% = without PSD
& L s FE B with PSD
e L —10? C1e /
pd 1 - = 103j
el | 1 SSE-like g |
™~ . - 1570 1.605 1.640 r\
B 10°E energy [MeV]
Cut adjusted for = i - R rJ J I
each detectorto 41— o 1035‘— ‘ e \J |
90% DEP survival - ] l . -
02_ 10 ;\ ‘ L L L ‘ L L L ‘ L L Il ‘ L 1 L ‘ L L L ‘ L 1 L \
. 14 16 18 2.0 2.2 2.4 26
| MSE-like energy [MeV]
it 1
0.0 -

15 16 17 18 19 20 21 22 23 24 25
energy [MeV]
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GERDA

Neural Network Training with Calibration Data: Coax

@ DEP events in the interval 1592 keV + 1FWHM serve as proxy for SSE

@ Full energy line of 212Bij in the equivalent interval around 1620keV are dominantly MSE,
taken as background events

3.0

2.5

2.0

1.0

0.5

4.0p

3.5F

L LR

P L T

ANG3 i
calibration DEP]

2vfp spectrum

\ 90% efficiency |

60

100

40

20

og

Ll
0.2 0.4 0.6 0.8 1

ANN Response

select ANN cut position @ DEP survival =90%

Iy

Efficiency @ DEP [%:]

; 4.0

3
©

3.5

3.0

25

2.0

1.5

1.0f

0.5

)

cross checks: 2vpf eff. =85%5 %, Compton edge eff. = 85-94%,
>6Co DEP (1576 keV) eff. = 83%-95%
>6Co DEP (2231 keV) eff. = 83%-93%
* ANNrejects 45% of background events
* OvPBpP efficiency=90% +5%/-9%
Kornoukhov V. (ITEP&INR RAS): GERDA Phase | results
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The blinding procedure

Cutout because of
bac|<grour1d line

AE

!
S [ N [ . A= Gy 220KEY
P— Energy & pulse of events
E (keV) into [2019-2059] keV
) ) automatically removed from data flow

Data processing details fixed before unblinding:
- quality cuts

- pulse shape discrimination parameters

- analysis method - three data sets

golden =17.9 kg*yr

silver = 1.3 kg*yr

BEGe = 2.4 kg*yr

Unblindingin June 2013
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Unblinding: full data set
(21.6 kg yr & 7 event in blinded window & 3 event survive PSD cut)

?_ UCHLAA L>=Ur

| | without PSD
B after PSD cut

counts/ke

0~~—5b25 2030 2035 2040 2045 2050 2085 2060
< | < background interpolation ——» ]
> 8 > > ° g > >
~ | o o = 2 2
Sel- 3 20 k& & S
[72] (&)} o — ~
+— — — (al| o o
-

S 41— v =
‘ ‘II (| 1 | ‘ L L ‘ i | h |
o IWILN LML) AT 11 LN, (WL
1900 1950 2000 2050 2100 2150 2200

energy [keV]

No peak in spectrum at Qgg +/- 5 keV,
event count consistent with bkg
—> GERDA sets a limit
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A List of events in blinded window Qg; +/- 5 keV

GERDA

Table 1: List of all events within QQgg = 5 keV

data set detector energy date PSD ANN A/E Cut Threshold
[keV] passed

golden ANG 5 2041.8 18-Nov-2011 22:52 no 0.344 0.366
silver ANG 5 2036.9 23-Jun-2012 23:02 ves 0.518 0.366
golden RG 2 2041.3  16-Dec-2012 00:09 yes 0.682 0.364
BEGe GD32B  2036.6 28-Dec-2012 09:50 no 0.750  0.965+1.070
golden RG 1 2035.5 29-Jan-2013 03:35 yes 0.713 0.372
golden ANG 3 2037.4 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

7 events before PSD compare with 5,1 +/- 0,5 expected bkg counts
No peak in spectrum at Qg +/- 5 keV

* Coax.: 6 events

3 of them classified as SSE by ANN

5 of them classified as SSE by at least one other PSD
* BEG: 1 event which is rejected by the A/E cut

—> GERDA sets a limit

* No events remain within Qg +/- G after PSD
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GERDA

Parameters of three data sets and counts in blinded window

data set  Elkgyr] (e bkg BIT) cts
without PSD (in 230 keV)
golden 17.9  0.688 + 0.031 76 18+2 5
silver 1.3 0.688 4 0.031 19 6375 1
BEGe 2.4 0.720 £ 0.018 23 421 1
with PSD
golden 17.9  0.61972-044 45 1142 2
silver 1.3 0.61975 0% 9  30% 1
BEGe 2.4 0.663 £ 0.022 3 513 0
") in units of 1072 cts/(keV-kg-yr).
Total countsin BW | Expected (bgd only) Observed
without PSD 5.1 7
with PSD 2.5 3

Counts

in blinded
window
(BW)
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GERDA

From counts to half-life

N,:  Avogadro number
O In2- Ny
Mensr + NV
enr . . e
Fror fu e _ €: exposure averaged efficiency
E — . . . .
67 Javt=fep TEpsd 1y - molar mass of enriched Ge
N %: signal counts / limit
Data set Exposure (kg yr) . .
f ¢ enrichment fraction
Golden-coax 17.9 . .
f,,: fraction of active detectorvolume
Silver-coax 1.3 L.
- . €rp+ full energy peak efficiency for OvB[
BEGe 4 .
€,s4: SigNal acceptance
<f,e> <fo> | <€pp> <€peg> <e>
Coax 0.86 0.87 0.92 0.90 +0.05/-0.09 0.619 +0.044/-0.070
BEGe 0.88 0.92 0.90 0.92 +0.02 0.663 +0.022




GERDA

countssA(2 ke w)

~> =

!
|

—

countss/ke™

Frequentist and Bayesian limits & sensitivities

Phys. Rev. Lett. 111 (2013) 122503
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Sl

L1/

106 $0439

Systematics:

Parameter Det./Set Value Uncertainty
<e>w/oPSD Coax 0.688 0.031
BEGe 0.720 0.018
Energyres. Golden 4.83 keV 0.19 keV
Silver 4.63 keV 0.14 keV
BEGe 3.24 keV 0.14 keV
Energy scale (keV) N.A. 0.2 keV
€psp Coax 0.90 0.10
BEGe 0.92 0.02

Frequentist:
e Profile Likelihood fit to four parameters:
3 x bkg level & 1/TO
Fix gaussian p = (2039,06+/-0,2) keV
0=(2,0+/-0,1)/(1,4+/-0,1) keV for Coax/BEGe
e Systematicuncertaintiesonf, ¢, 4, o: MC
sampling & averaging
e Best fit: Nv=0
* No excess of signal counts above the
background
e 90% C.L. lower limit: | 777 > 2.1-10* yr
e Limit on half-life corresponds to N?< 3.5 cts
e MC median sensitivity (90% CL): >2.4x10%° yr

Bayesian:
e Flatprior probability distribution

* Posterior distributionfor T,,% in [0; 10-%4] yr?
e Best fit: N%=0

e 90% credibilityintervaI:ITloyﬂ > 1.9 - 10% le
* Mediansensitivity: (90% C.I.): > 2.0x10%° yr
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GERD

Comparison with Phys. Lett. B 586 198 (2004) claim

A

Expectation for claimed T,,,% =1.19x10%> yr (Phys. Lett. B 586 198 (2004)):

5.941.4 signal over 2.0+0.3 bgd in +20 energy window to be compared with 3 cts (0 in +10)

counts/keV
ho oW
7T | T | P |

=]

o

counts/(2 keV)
[+:]

na

# of realizations
— — —
— Lo —1
— T T T
= TT

GERDA 13-D6|

40

o
I

1 % | % |
2025 2030 2035 2040 2045 2050 2055 2060 = F
. . - - e ._::I:‘ == | ‘:’;E.'
< background interpolation L [ i, O - -
B 2 2 20z -2 e o2 B E
@ @« Leb] ™ =] e2. =] =1
= Ll = 202 T = = B .
- B 2|0 2 |2 = = 5 = 8
2 b & o™ —_— i =
_ ES = ‘2._.
2 S = =
& =~FE =z =,
o — s
~ [ = =
—, -

1900 1950 2000 2050 2100 2150 22

00
energy [keV]

H1: claimed signal: 5.9+1.4
HO: background only

Bayes factor: P(H1)/P(HO )=0. 024 p-value from profile likelihood
P(N=0 =0|H1)=0.01 (0.006if1/Tunconstrained)

=>» Claim refuted with high probability
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GERDA

Summary

GERDA Phase | design goals reached:
e Backgroundindexafter PSD: 0.01 cts / (keV kg yr)
* Exposure 21.6 kg yr

Observe 3 events in Qg = + 5 keV with expected bkg of 2.5£0.3
= no signal

No Ovpp-signal observed at Qg = 2039 keV; best fit: N®=0
e Background-only hypothesis H, strongly favored
e KK claim strongly disfavored (independent of NME and of physical mechanism
generating Ov2pB)

Profile likelihood fit to PSD Spectrum: T,,% > 2.1x10%° yr (90% C.L.)

Limit on half-life:
GERDA+IGEX+HdM: Tl/zo" >3.0x10%° yr (90% C.L.) (<m..> < 0.2-0.4 eV)

* The claimed signal (without PSD) is ruled out by GERDA at 99% without any
model dependence



GERDA

GERDA phase Il: goal

sensitivity T%(Ge-76) ~ 1.4 -10%° yr at 100 kg-yr

» reduce Bl by another order of magnitude to 0.001
more BEGe detectors with better PSD (& resolution)
instrumentation of LAr to veto specific backgrounds
less & cleaner material in detector holders, cables, ..

P get exposure of ~100 kg-yr within 3 years
double detector mass (15 kg coaxial + 20 kg BEGe)
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Back up slides
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GERDA

Summary of the results
» Best fit gives 0 counts both for PL and BA: no excess is
visible.

» 2004 KK claim predicted 5.9 1.4 signal events over 2.0 0.3
bkg events in Q33 £ 20.

> 3 events are observed in Qs £20, 0in Qzz £ 0.

» Claim refuted with high probability.

Combination with other experiments
» Combining with HdM 2001 and IGEX 2002:

T(i% > 3-10%° yr (90%) C.L. (same with Bayesian approach).

» Limit on effective Majorana neutrino mass:
Mee < 0.2 — 0.4 eV
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Combined analysis with HdM and IGEX experiments

GERDA
=2 E ' )
5 asE g HdM: Eur. Phys. J. A12, 147 (2001)
S X |GEX: Phys. Rev. D 65,092007 (2002),
- S 1 Phys. Rev. D 70078302 (2004)
35— —
= X .
3 = ,
TS —— GIRDA TP;"Q >3.0-10® yr (90% C.L.
255" A IGEX
2:_ P E """ HdM
= : 76 e
LsE- : All G Identical limits with
=TT T Frequentists & Bayesian analysis
1= '
0.55_—
O: Il 8 | I«’I'Et: | | | | | 1 1 1 | 1 1 1 | 1 | | | | 1 1 | 1 1 | | | | 1 | 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

T3, [107 yr]

Bayes Factor: P(H1)/P(HO )=2x10 strongly disfavorsclaim

Comparison isindependent of NME and of physical mechanism which generates Ovpf3
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GERDA

Data processing and selection

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

Read-out and signal structure

/

voltage / charge
LI AT R s o A |

-80 60 40 -20 O 20 40 60 80

>FADC time [us]

arXiv:1212.4067
Digital signal processing to extract amplitude, rise time, etc.

20 10 0 10 20 30 20 -10 O 10 20 30
time [us] time [us]
. , L Calibration of energy scale (?28Th)
Data selection and quality monitoring
> 102 " bestfit — .
Examples of = bkg model
non- S 10"
physical P
€ 107 |
-events >
8 11
S 10

-10 0 10 20 30
time [us]
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energy [keV]
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Data processing frame work ‘Gelatio’
2" independent data processing software for
cross check
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http://arxiv.org/abs/arXiv:1212.4067

GERDA

Data taking

Total exposure for OvBB analysis: 21.6 kg yr
(bi-)weekly calibration runs (‘spikes’)

c B runs 25-32,34-43,44-46 GERDA13-05 >
QO 10 e o — 22 x
S ] | A2
@ 1 20=
B q 1 o
O M1a7
£ oasfit A 1188
= A i
® Ji'd 163
2 P i
- 1 LA H 14
0.6t W I
i A 12
B A i
- A H10
A "y i
0.4 I P s
I ‘,.--/ 6
1 H
0.2} 4
OVBB. = ==p
LI [ 1 A 1 (A T L 11 2
< background paper —>I i
OOMI 0 1 N T JIII 1 T o I ] [ 0
Nov-11 Feb-12 Jun-12 Oct-12 Jan-13 May-13

Eur. Phys.J.C(2013) 73:2330
arXiv:1212.4067

Data blinding:

* Alleventsin Qggt20 keV
removed inTier 1

e 2 copiesof raw data
kept for processing after
unblinding

'T‘ I date
Insertion of 5 Phase Il €"BEGe

15t physics: 2vBB analysis (5.04 kg yr)
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2006 publication: Mod.Phys. Lett. A21 p. 1547-1566

1 (o wneiow et Tmm | { PSD based on 3 different neural

E; spectrum after PSD | networks & library of SSE pulses
> 5 event accepted IF pulse in library OR
3 { found by neural network of Ref. 16 but
3 o : ] not by the other two neural networks

I I | I (1 I ] NO event overlap between the 2 sets!?

otk Uil AL : statement of publication:
2000 2010 2020 2030 2040 2050 2060 _ umultl Slte eventS are Suppressed
energy, keV ”
fit gives 11.32+1.75 signal events 2y L0
T — 0vBp efficiency = 1 used for

Ov

—

error on signal count not correct efﬂmency factor nOt considered
since smaller than Poisson error  — calculation of T1/2 not correct
— GERDA does not use this result
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