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The GERDA Collaboration

h@:l/www.mp‘-hd.mp;.de/gefga/
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UNIVERSITY
IN KRAKOW

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

16 institutions
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The main conceptual
design of the GERDA
experiment

is to operate with
“naked” HPGe
detectors

(enriched in Ge-76)
submerged in high
purity liquid argon
supplemented

by a water shield.

GERDA: the GERmanium Detector Array

Double Beta Decay Experiment

http://www.mpi-hd.mpg.de/gerda/

Lock system:

Detector
insertion

Eur. Phys. J. C (2013) 73:2330
Eur. Phys. J. C (2018) 78:388

Located at LNGE I!a"




GERDA Phase II: design and main components

roof of clean room
5 plastic muon veto

lock

glove box

floor of clean room

cryostat
(@ 4m, 64m°)

Ge detector array &
LAr veto system

\. PMT of muon veto

water tank
(@ 10m, 590m®3)

60 cm

100 cm

60 cm

nine 3" PMTs (R11065-20)
top plate (& 49 cm)

calibration source entering
slot in top plate

copper cylinder
(wall thickness 0.1 mm)

SiPMs

fiber curtain coated with
wave length shifting TPB

Ge detector array

Tetratex lining
soaked in TPB

copper cylinder

bottom plate with
seven 3" PMTs

Eur. Phys. J. C (2018) 78:388




GERDA Phase Il — started December 2015

7 strings of HPGe detectors deployed:
37 detectors enriched in 76Ge (35.8 kg)
3 natural detectors (7.6 kg)




GERDA Phase Il: 40 detectors in 7 strings

30 BEGe, 7 Semi-coaxial det-s 3 Semi-coaxial det-s
enriched in "*Ge enriched in 76Ge fromNatGe

/

String 1 String 2 String 3 String 4 String 5 String 6 String 7

n e e
=10 0N

M ARARNED



GERDA Phase Il — Upgrade in Summer 2018

5 new inverted semi-coaxial
detectors enriched in 7°Ge
added (+9.5 kg)

3 Semi-coaxial detectors
from NatGe removed

To increase LAr light collection:
New LAr fiber curtain with higher density
and additional new central module




Liquid Argon veto for GERDA Phase Il

copper shroud lined
with reflecting TPB
coated Tetratex

>
EE
E ‘5 Vo ‘j':
ox -t
After upgrade
in Summer 2018

TPB coated
fiber shroud
with SiPMs

7 off 3” PMTs




Pulse-Shape Discrimination

Single Site Event Multiple Site Event

M. Agaostini et al M. Agastini et al
JINST B (2011) PO3005 JINST & {2011) PO3005
T T T T T T T T T T T
1+ 4 4
—_ 08 — . 4
3 3
[u] 100 200 300 400 500 600 700 BCOD 900 1000 1) 100 200 300 400 500 600 700 BOD 900 1000
timea [ns] time [ns]
PSD parameter for BEGe : A/E
S B == -
“‘DB: SSE Signal-like "‘Oa: MSE Compton 1
: event — Charge g bkg-like E
06 cmmm— e eenntieneee e e s e 06— Lo - o.einienenne e een
r — Current Z §
7V (2°8TI DEP) (1592 keV) used as a oaf- ] BB | N 04—
proxy for Single-Site Events (SSE) - F ]
R, LTI VRSO D N LT (T N SN S
0.0f : : ‘ : - o.op : - ; —
81200 81400 81600 81800 SEODOH 81200 81400 81600 81800 B\ZDOUt[
ns. ns)
- SO 510 TR TR, |
2 = £ P Apha °F Slow pulses
2 (] S ke Rl L T ErLR e e R R PP 08
2 L bkg-like L
Sy (s11kev)  CFTTTUTUOCLQN
0_4:_ ........................................................................
\ e S P
P+ contact F
. 812‘00 Bld‘l()(] 61(‘50!} Bléﬂﬂ 826[)() o0 81 él)() 61AUB 81 é‘{)() 81 #UD ﬁﬂﬂﬂ
Image credit: from Yoann Kermandic, GERDA tIns] t{ns]



Phase exposures and BI-s

Dataset Exposure FWHM € ) Bl
[kg.yr] [keV] [1073 cts/kev. kg. yr]
Phase | golden 17.9 4.3 +0.1 0.57 + 0.03 11+2
Phase | silver 1.3 43+ 0.1 0.57 + 0.03 30 + 10
Phase | BEGe 2.4 27401 0.66 + 0.02 545
Phase | extra 1.9 4.2 +0.1 0.58 + 0.04 5+4
Phase Il coax-1 5.0 3.6 +0.1 0.52 + 0.04 3.5%%1
Phase Il coax-2 23.1 3.6+£0.1 0.48+0.04 0.6703

Phase Il BEGe 30.8 3.0+ 0.1 0.60 + 0.02 0.679%
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GERDA Phase II: Last Ovpp data release

enriched coaxial - 23.1 kgyr [ prior active background rejection
i [ after PSD
I after PSD and liguid argon (LAr) veto
Morte Carlo 2V - T, from [EPJG 75 (2015) 9]
50 keV blinding

Counts / 15 keV
2
2

> 4 '

e 10 enriched BEGe - 30.8 kgyr z [ "
0 O 2K = ;
- 3 - |-

5 10 Q, 5 300 g
2 2 g
E} ER !
o Q

o 102 214, [&]

1540
Energy (keV)

A
5000
Energy (keV)

enriched coaxial - 23.1 kg:yr I =iter liquid argon (LAr) veto and PSD

ZvBB Monte Ca.r\n.ZvBB - T, , from [EPJC 75 (2015) 9]
50 keV blinding

Counts / 15 keV
3
N

enriched BEGe - 30.8 kgyr

2vpp

Counts / 15 keV
=)
%
GERDA 18-D6

R
5000
Energy (keV)

' L i L ' L L ' L ' ' 1 L ' L ' L L
2500 3000 3500 4000 4500



GERDA Phase II: Ovgp current result

?: F  enriched coaxial - 23.1 kgyr | . [l after active background rejection
; 10 ' background level
I T T I Ty = 0.910% yr limit (90% C.L.)
: 10—2 L
L
c
3,3 '.
O 1077 F )
1 1 1 1 | I I |
—_ E L B R ] | |
s - enriched BEGe - 308 kgyr || Q. +20 3
o)) Pl =
210 g
@ o
x &
~ 102k
n
= F
» |
o 10_3 E_ I i
: 1 | 1 1 1 1 | 1 Il 1 : |i I 1 1 1 1 I 1 1 1 1 | 1 1
1950 2000 2050 2100 2150
Energy (keV)

Phase | + Phase II:
Total exposure: 82.4 kg yr
T,/,(0v2B) > 0.9 x 10%° yr (Frequentist)
T,/,(0v2B) > 0.8 x 10%° yr (Bayesian)
Background in ROl ~ 6 x10“ cts/(keV kg yr)
Sensitivity 1.0 x 1026 yr
Presented at NEUTRINO 2018 conf., to be published



counts / 15 keV

Half-life of 2v[3[3 decay of 76Ge

After LAr Veto performance

10*
Sar

10°

10

400

Phase Il - 34.5 kg-yr

[ atter LAr veto

40

600 800 1000 1200 1400

K

[ ] prior liquid argon (LAr) veto

Monte Carlo 2vpp (T, =1.92 - 102" yr)

42 K

1600

GERDA 17-07

energy [keV]

1000

counts / 1 keV

800

400

200

600

Phase Il - 34.5 kg-yr
|| prior liquid argon (LAr) veto
. I after LAr veto

4DK
EC

GERDA 17-07

1520 1540
energy [keV]

T1460 1480 1500

Survival fraction between 0.6 and 1.3 MeV:

(68.6 + 0.3)%

T,/,(2v2B) fixed as 1.92 10 yr

40K and 42K continua

strongly suppressed
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counts / 30 keV

GERDA Phase |

. 2vBB decay of "6Ge to excited states of 76Se

2" 26.3 h
76A_S
0+
TGGe
822, o de
6 -0 k‘eV. 9+ PR
8 koy 1216.1 keV
ey
Y25, Nt ——|——1122.3 keV
0
4o oY n
Qpp=2039.1 keV b - & &
1
. 559.1 keV
N N
o o
o o &
oSe 0 keV

Three decay modes are investigated: 2*;, 0*; 2,

0%, most likely, sensitivity in the range of predictions
2*, has two branches for de-excitation

=

L |

Ly :
500 1000 1500

&
2500
ElkeV]

ot
2000

Single detector spectrum

Spectra of 2-detector events in the GERDA Phase | data set scaled to a half-life of 1023 yr.

counts / 30 keV

Large uncertainties in matrix elements

— predicted half-lives range
over several orders of magnitude

Data

Bg Model
20BB 27 107 yr
2vpp 01 107 yr
2vBB 27 107 yr

i
2000

Sum detector spectrum

L
2500
ElkeV]

Shown are the individual detector energy spectra (left) and as their sum energy
spectra(right). Also shown is the background model (black line) and data events (gray)

2v33 decay mode T (yr) Model/exp.  References  Year
0o, - =6.3 = 10 Exp. [14] 19492
(559.1 keV) (68 C.L.)
=11 = 102 Exp. [20] 1995
(0% C.L.)
1.2 = 10°0 SM [21] 1984
5.8 x 103 HFB [22] 1994
5.0 % 10% QRPA [23] 1994
24 = 10 ORPA [24] 1996
T8 » 105 MCM- [25] 1996
QRPA
1.0 < 10% RORPA [26] 1997
(24-43) = 0% RORPA [27] 1998
2.0 = 107 RORPA [28] 2014
07, —0F >6.3 » 10 Exp. [19] 1992
(11223 keV) (68% C.L.)
1.7 = 109 Exp. [20] 1995
(9% C.L.)
=62 » 107 Exp. [29] 2000
(90% C.L.)
132 = 107 HFB [22 1994
40 % 0= QRPA [23] 1994
45 » 107 ORPA [24] 1996
7.5 % 102 MCM- [25] 1996
ORPA
(LO-3.1) x 107 RORPA [26] 1997
(1.2—-5.8) = 10 RORPA [11] 2014
6.4« 102 IBM-2 [14,15] 2014
(2.3=2.6) = 10¥ M [16] 2014
07, -3 =14 » 108 Exp. [20] 1995
(1216.1 keV) (%0% C.L.)
1.0 10% QRPA [23 1994
1.3 x 10% MCM- [25] 19496
ORPA
(0.7-2.2) = 10% RORPA [26] 1997

J. Phys. G: Nucl. Part. Phys. 42 (2015) 115201
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2500

E, [keV]

2000

1500

1000

GERDA Phase |: data with multiplicity=2

Data taken:
from November 2011 to May 2013
Exposure € (Ge76) = 22.3 kg = yr

Two detector configurations:
— until March 2012: 11 detectors
— from July 2012: 14 detectors

N
- LA T G .
s ; . .. Data-with
— * * - S -

+ Itiplicity=2
EISTI A multiplicity=2
— ‘o + 3

e

Lo % b
-
B athe "
Lo %
_oo" “ * %
o e .
 — - S 3 *
.

j# . ‘o
+ 00. ST i %
R IR TN WX T N
P i IR Sal
]000 1500 2000 2500
E, [keV]

N events 7 - 10° 2710

0
0

RG1 H
— g 1 L anus—ﬂ
611:112 ] Lo Fj"m WJ . L
L‘ Janes $=somm coazcl_ |

ﬁji Rigl Eh g =

| H
RG3 H GD3sC
ANGT | le..mm- ! L ]I 238w
- ——
l I_‘ o pul H 72-77 mm
789 mmt |
: ; O
| 3-stringarm:Phase la. Ie | | I-string arm:Phase la |} [ I-string arm:Phase Ic
«coaxial detectors coaxial detectors H BEGe detectors
r e,.; & 3000 -
F % B :
= = = .
F < ' 2500 . .
E g . 107!
E. 2 A
Ed 5 2000 b :
=] & b i
S A i
1500 S =
b R 10°
1000 i (et
:
5 .
500 T
3 ?:\ i 107
; 0 o
200 400 600 800 1000 1200 1400 1600 1300 2000 0 500 1000 1500 2000 2500 3000
E, [keV] E, [keV]

Figure : 2-detector event energy-energy correlations showing the simulated 2vBg
signal process for the decay mode 0*, scaled to 1023 yr half-life (left) and the simulated
background model (right). Simulated events are shown in color and GERDA Phase |
data events in black. The number of MC events is scaled to the Phase | data
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3 14 = Elloond oo — e | i 3 M- e — ;
2 Bl Tl '
a 10— 8 10|
B B
Bf— 1 B
I A p
i . "
3] R 2
I o 1 1,
540 560 a8l [0 20 20
enangy [kel] energy [«e']
i e Eimma 1] 3 e
ope . 8. g
Decay mode specific coincidence cut o
- includes signal peak + background T
SB sidebands to estimate background T
i
]
P 17
s . i |
w0 s 58 energ‘;n[ke\ﬂ
Monte Carlo 3 ey  ESoda ||
. =L o o), - ¥
signal .
v.!.tl-—
20—
1.5
10t M g
05 Jl y 3
3 A
00 Akl WA 1 J TS i
1180 9200 1220 1240 260
wnergy kev]
Single-energy spectra around the respective ROI for all decay modes. Two-
detector events (light gray) and the corresponding background curves (black),
the ROI (shaded red) and SB region (shaded blue). Highlighted are events that

800 1000 1200 1400 1600 1800 2000 are tagged as ROI (red) and SB (blue) after all cuts and that are used for the
E1 [keV] limit setting. The histograms contain two entries per event and that one entry
maylie outside the tagging region

200 400 600
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Results

GERDA Phase | : 2vBB decay of °Ge to excited states of 76Se

'

Frequentist 90 % CL

Bayesian 90 % CI

Decay mode n o m € T2 Ti?;iti"ity T2 Ti‘%ﬂti‘dty
%] | [10%yr] 1023 yr] | [10Byr]  [10%3 yr]
[];‘_S_ — 21’ 2 10 0389 | > 1.56 > 1.22 > 1.26 > 1.09
0;;_.5. — OIL 5 34 0919 > 3.72 > 1.72 > 2.67 > 1.65
0;‘_5_ — 2; branch 1 6 29 0594 | > 1.68 > 1.19 > 1.38 > 1.14
0;& — 23’ branch 2 0 2 0092 >0.74 > 0.48 > 0.49 > (.38

0, — 25 combined

> 2.31 > 1.31

> 1.75 > 1.32

n - number of events with ROI tag, m - number of background events with a SB tag, &- detection efficiency.
The lower half-life limits and sensitivities are given for the frequentist and Bayesian analysis.

No signal has been observed

and an event counting prole likelihood

analysis yields lower half-life limits:

0fs. — 21 T,> 1.6:10% yr,

0f s — 07 Tuy,> 3.7-10%

0f —25: Thp> 2.3-10% yr (90% C.L.)

This is an improvement by more than
Two orders of magnitude compared to

the best previous results with 76Ge.

J. Phys. G: Nucl. Part. Phys. 42 (2015) |

07, —0F »6.3 x 10® Exp. [19] 19492
(11223 keV) (685 C.L.)
=1.7 = 108 Exp. [200] 1945
(% C.L.)
=62 = 108 Exp. [29] 2000
(90% C.L.)
132 » 107 HFB [22] 1994 ™) +=
- : >
4100w 0% (RPA [23] 1994 o
45 x 102 QRPA [24] 196 (o
75 % 10 MCM- [25] 1996 | @
QRPA o
(1.0-3.1) x 102 RQRPA [26] 1997
(1.2-5.8) = 107 RORPA [11] 2014
6.4« 102 IBM-2 |14, 15] 2014
(2.3-2.6) » 10 SM [16] 2014
17



MC simulation

Integrated efficiency (>200 keV):

E, [keV]

GERDA Phase Il : Estimated sensitivity
for 2vBp decay of 6Ge to excited states of 7Se

3000

2000

1500/

1000

500~

® " s0

1000

L

s

1500 2000 0
E, [keV]

Phase I: 6.4% (07), 3.5% (21), 6.3% (27})

2?' : 23' Pl

E, [keV]

25000 -

2000

counts/(10 keVy*

15007,

‘ 1000

.

20000 500
E, [keV]

500

1500

1000

500 1000 “1500 2000 2500 3000
1500 2 & kev]

Phase Il data

Phase II: 16.9% (07), 10.0% (27), 16.2% (23)

Factor 2.5 to 3 increase due to more efficient array

decay mode | ef%] NS OWE | N WP | s[10Pyy
Phase |
Ogs _’01 0.8997 7.6 8 2 8.0 718 See talk: B.Schneider and Th. Wester
Ogs. 2, 0406 24 23 3 275 >1.2 y o
03}- _}25: B1 0591 83 83 3 6.25 . . Investlgatlon of the double Peta deca\{’of 76Ge
0ge 2] B2 0.096 04 0.5 0 05 : into exate(.i states of 76Se with GERDA” (T 32.6)
BH 0 at DPG spring conference Aachen
ase 26 March 2019
04, —0F 2167 451 446 | 50 413 >3.6
ogfs_ -2 1136 117 119 | 17 104
09;_ -2 A | 1136 - - 4 1.4 >6.7 ?:l
09;_ —2f Bt 1255 327 328 | 38 319 @Pu
ois_ 42% B2 0.288 3.0 3. 4 4.4 >3.5 \\X\\
0., —2, B2 +lAr | 0288 - - 1 14 \

EQS"
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- YESR — = n=1 (0vpPx)

P Py 3 — + n=2 (0vpPy)
i \ n=3 (OvBfiv, OvBRX)

s —— n=5 (2vpp)
0.012— / = === n=7 (OvBPyx)

" 0.01 N \\

:I’ / | \ \
0.008[- F : \

r % \
0.006}— % \
0.004 % A
0.002 s 3

ki % 1

_[ Lk J L1l 1 I | - | l - I ) [ \ kel r T - J 1 V' L\J

0

200 400 600 800 1000 1200 1400 1600 1800 2000
Summed Electron Energy (keV)

Fig.1. Spectra of the sum kinetic energy of the two electrons
for spectral index n = 5 (2vBR8 decay of 7Ge)

andn=1, 2, 3, 7 (OvBBx(x) decay modes of 6Ge). *

* The spectra are based on the functions provided in [1, 2].

Figure adapted from [3].
1. V.I. Tretyak, Yu.G. Zdesenko, At. Data Nucl. Data Tables 61, 43 (1995).
2. V.I. Tretyak, Yu.G. Zdesenko, At. Data Nucl. Data Tables 80, 83 (2002).

3. S. Hemmer, Study of Lepton Number Conserving and Non-Conserving Processes using

GERDA Phase | data, PhD thesis, Universit'a degli Studi di Padova (2014).

events/(30 keV)

events/(30 keV)

GERDA Phase | : Results on BB decay with emission of Majorons

g — - background

o data 2vBp

— model (background + 2vpB) gxgg% Egi;g 58822 8:;
o 0 =3) (90% C.1.

|:| 68% interval ——— oﬁ%ﬁ% E2=7g Ego% C |_%

[T T T T T T T
— golden data set (17.9 kgyr)

GERDA 14-12

10° T T a0,
;rl :
il -x.
- 1 N B B ok
107 5.,
- Rl TN
- Ity P
- e,
- ~ag
", :
_____ T T "
105— CpammmmmmT i, -...,‘__.” s Og
Ty s =" i S — L A
- P et - 1 ‘.1'-? — n
= t t t } t t t t | + t T t }

GERDA 14-12

L] H
L L [N B TP 1 . O = PR B

1000 1500 2000
energy (keV)

Fig. 2. Best-fit energy spectrum model for the coaxial and BEGe Phase |
data sets. The interval of 68% probability for the model expectation is
indicated. The contribution from 2v868 decay of 76Ge are shown. The
spectra corresponding to the upper limits on T, ,, at 90% C.L. for Ov66x
decays of 78Ge with the spectral indices n = 1, 2, 3, 7, are shown too.

Eur. Phys. J. C (2015) 75:416,
Eur. Phys. J. Plus (2015) 130: 139 19




GERDA Phase | : Results on BB decay with emission of Majorons

Model n Mode Goldstone boson L Tﬁ,.";‘ (107 yr) M OxC0 GO0 (yr 1y (g)

IB 1 X No 0 =42 (2.30-5.82) 5.86 x 10717 <(3.4-8.7) x 107>
IC 1 X Yes 0 =42 (2.30-5.82) 5.86 x 10717 <(3.4-8.7) x 107>
ID 3 XX No 0 >0.8 1073+ 6.32 x 10719 <2.11H

IE 3 XX Yes 0 >0.8 103! 6.32 x 10717 <217

IF 2 X Bulk field 0 =18 - - -

1B 1 X No -2 =42 (2.30-5.82) 5.86 x 10717 <(3.4-8.7) x 107°
11C 3 X Yes —2 >0.8 0.16 2.07 x 10717 <4.7 x 1072

1D 3 XX No —1 >0.8 103+ 6.32 x 1071 <2177

IE 7 XX Yes —1 >0.3 1073+ 1.21 x 10718 <227

IIF 3 X Gauge boson -2 ~>0.8 0.16 2.07 x 10719 <4.7 x 1072

Eur. Phys. J. C (2015) 75:416,
Eur. Phys. J. Plus (2015) 130: 139
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GERDA Phase Il: Estimated sensitivities for

66 decay with emission of Majorons & Lorentz violating double beta decay

Data after the Liquid Argon (LAr) cut in the region of two-neutrino
double-beta decay are almost background-free

-> to look for distortion of the spectral shape due to exotic physics

Only BEGe dataset, exposure 30.8 kg*yr, LAr cut, not yet Pulse Shape Discrim

Before LAr cut

Large uncertanties due
to background
modelling (source position)

Uncertanties related to detector
physics are subdominant

counts/15keV
N
()]
o
o

After LAr cut

GERDA Phase Il - enrinched BEGe detectors - 30.8 kg*y . .

B oo liquid argon (LAF veto The expected residual background is very low
[ after LAr veto

Monte Carlo 2v [ - Tff‘z'”‘:1 926x10721 yr

(signal-to-background ratio
~11:1 in 500-2000keV)

-> small uncertanties due to background
modelling

other source of uncertainties ->

Need to model the LAr efficiency

Detector physics: surface effect
600 800 1000 1200 1400

1600 1800 2000
Energy (keV)

Ongoing studies

E. Bossio, “Probing new physics with double-beta decay in GERDA Phase 11”7,
Talk at DPG Spring Meeting — Matter and Cosmos Section (SMuK), Munich, 17-22 March 2019
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GERDA Phase Il: BB decay with emission of Majorons & Lorentz violating double beta decay

Standard Model Extension (SME) 3)
“Countershaded effects” — four independent components of the coefficient [0 )

o (3)
Distortion of shape of the conventional two electron sum spectrum due to the Q

- — = n=1(0vpy)
0.014 . — =2 (Ovppy) .
SO % . "fg EOVEE)’ OvBB) Jorge S. Diaz, Phys.Rev. D89 (2014) 036002
0.012 / 2;7 vtz
- ‘il dT/E=C(E'+10E'+40E+60E +30E)
e ./ ] \ \5 o(3) \a
0.008[* LA | X[(Qp—E)+10 Olof (Qps—EJ]
B \ \
0.006F L The total decay rate can be expressed as a
’ ' \ sum of two rates through a perturbation
0.004 % "
% ) M=Mp+d My
0.002 . 3
il ETRE TR ki k L
0 1 L T
200400 600 800 1000 1200 1200'1600 1800 2000
Summed Electron Energy (keV) Model T1/2 >
* o
£ I n=1,0v 10%
5 0.012 — n=5 (2vpp) ’ BBX 110 <
g [ X =
£ ool — - n=4 (2vBpLY) n=2, OVBPRX 4-10% S
g | =
0.008]- n=3, OVBRX,0vBRxX | 2:10% o
- ez
0.006}- n=7, OVBRXX 0.7-101 -
Ot 2vBBLV 0.7-10%
0.002
\
e PO

0

200 400 600 800 1000 1200 1400 1L600 1800 2000
Summed Electron Energy (keV)

Lorentz violati ng double beta d ecay E. Bossio, “Probing new physics with double-beta decay in GERDA Phase 11”7,

Talk at DPG Spring Meeting — Matter and Cosmos Section (SMuK), Munich, 17-22 March 2019
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Instead of Conclusion - Future perspectives

in search for OvBR of 76 Ge

Predecessors, GERDA phases, progeny and next generation

Heidelberg-Moscow
1990- 2003

on l'. 3

£

» Ly
g !

Soo 2010

i

Il
=

s
il

IGEX — Baksan
1992 -> now

1993- 2002

6.8 kg of enriched in °Ge detectors,

0.17 counts/(kg keV y) around 2040 keV

Ty (OvBB) > 1.6 X 1025 yr (90% C.L.)
Phys. Rev. D65, 092007 (2002)

IGEX — Canfrank

11.5 kg of enriched in 76Ge detectors,
0.11 counts/(kg keV y) around 2040 keV
T2 (OVBR) > 1.9 X 1025 yr (90% C.L.)
Eur.Phys. Jurn. A 12 (2001) 147

KKDC (part of HDM) claim
to have observed (28.8+/- 6.9) decays
Ty2 = (1.19+0.37- 0.23)x1025 yr (68% C.L.)
Phys. Lett. B 586, 198 (2004)
(Later T,, =2.23x10% yr
Phys. Lett A 21,1547 (2006)

At the end of the 20t century the Heidelberg-Moscow and IGEX
not only yield the best current limits on m,, they also provided
most of the technology needed for future 7°Ge experiments

[ Experience >

GERDA - |
2006 - 2013

0

GERDA - 11
2014 - 2019 ->

.l

17.7 kg of enriched in Ge detectors
0.01 cts/(kg keV y) near 2039 keV
Tys2 (OVBR) > 2.1 x1025 yr (90% c.L.)
PRL 111, 122503 (2013)

T2 (2vBB)=(1.926 £ 0.094)x10%' yr
Eur. Phys. J. C75 (2015) 416

anviched dataciers - £18 kg1

35.6 kg of enriched in 7Ge detectors
LAr scintillation Veto,
0.0006 counts/(kg keV y) near ROI
Ty (0vBB) > 0.9 x1026 yr (90% c.L.)
at sensitivity 1.1 x 1026 yr

Mpg< 0.11- 0.26 eV

exposure 831 mole yr (Phases I+1l)
for data release May 2018

A. Zsigmond, Talk at NEUTRINO’18

MAJORANA - D
2015 - 2019 ->

PRELIMINARY

T ——
A5 Ctn

Counts/(25 keV kgyr)

29.7 kg of enriched in 7Ge detectors
0.005 counts/(kg keV y) near ROI

Ty (OVBB) > 2.7 x1025 yr (90% C.L.)
at sensitivity 4.8 x 1025 yr

exposure 26 k? gr
for data release April 2018
V. Guisepper, Talk at NEUTRINO’18
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LEGEND-200
2020 ->

200 kg 7°Ge in upgrade of
existing GERDA infrastructure,
BG goal 0.1 cts/(ton kev yr),
T2 goal ~1077 yr
- Will use existing GERDA &
MAJORANA detectors (65 kg),
plus new detectors (135 kg)

LEGEND -1 ton

=

T12 goal ~10%8 yr
for probing <mg, >down to 10 meV
to cover

enviched coaxial - 23.1 kgyr

—— Ty5=0910™ yrlimit (90% C.L.)
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