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A [MeV]

arxiv:2202.01/87

Double-beta decay

..occurs when single beta is forbidden

/odd—odd
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..occurs when single beta is forbidden

,0dd-odd * B-decays move toward stability
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Double-beta decay

..occurs when single beta is forbidden

,0dd-odd * B-decays move toward stability

* In some cases, single /f-decay is forbidden
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A [MeV]

Double-beta decay

..occurs when single beta is forbidden
arXiv:2202.01/8/

A /odd—odd

* [-decays move toward stability

* In some cases, single /f-decay is forbidden

* Path towards stability with a “double-jump”

* Double f-decay

32 33 34 35 36

(A, Z) - (A, Z+2)+2e” + 20,
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A [MeV]

Double-beta decay

..occurs when single beta is forbidden

arXiv:2202.01/87
\ odd-odd

* [-decays move toward stability

* In some cases, single /f-decay is forbidden

* Path towards stability with a “double-jump”

* Double f-decay
* Hypothesized in 1930’s

° Tl Vi) > @ ( 1 017) Y [Goeppert-Mayer, M, Phys Rev 48 (1935), no. 6, 512-516]

32 33 34 35 36
A,Z) > (A, Z+2)+2e + 20,
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A [MeV]

Double-beta decay

..occurs when single beta is forbidden

arXiv:2202.01/87
\ odd-odd

* [-decays move toward stability

* In some cases, single /f-decay is forbidden

* Path towards stability with a “double-jump”

* Double f-decay
* Hypothesized in 1930’s

° Tl Vi) > @ ( 1 017) Y [Goeppert-Mayer, M, Phys Rev 48 (1935), no. 6, 512-516]

* Measured in several isotopes (7°Ge, 82Se, 100Mo, 130Te,

32 33 34 35 36 156Xe...)

° ~ 1821
A, Z) = (A, Z+2)+2e + 2176 I, =~ O(10 )y
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A particular double-beta decay creates matter

The neutrinoless double-beta decay

* Double-beta decay channel without
emission of neutrinos

* Creation of matter without anti-matter

* Lepton number not conserved AL = 2
* Not allowed in the Standard Model

* Portal to new physics

(A,Z) = (A, Z+2)+ 2"+,
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A particular double-beta decay creates matter

The neutrinoless double-beta decay

* Double-beta decay channel without

A,2) > (A, Z+2)+2e + X - ,
' emission of neutrinos

n=2p + 2e » Creation of matter without anti-matter
T S 2 » Lepton number not conserved AL = 2
v - * Not allowed in the Standard Model
\X/" ) * Portal to new physics
: - g o
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Rate [a.u.]

Detecting double-beta decay

The experimental signature

« Signature:

. Uvff: energy deposition of 2 electrons
@ Qg (= 2039 keV for 70Ge)

0vpp
. 2U[[}: energy deposition of 2 electrons
@ E < Qg
. . . . . . Experimental challenge:
0.0 0.5 1.0 1.5 2.0
Jummed Energy VT . No background @Qg;for ©(10)y
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dN / dE

dN / dE

dN / dE

Detecting double-beta decay

.with the GERmanium Detector Array experiment

o(E) / E = 2.5%
Top! Top=10"

1/2

o(E) / E =0.5%
Top! Top=10"

1/2

Ovpip

O’gE) / E = 01?/; Ov 36
T /T2 =10 ﬂ

172

2vpp

095 1

E/Q
Bp
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dN / dE

dN / dE

dN / dE

Detecting double-beta decay

.with the GERmanium Detector Array experiment

o(E) / E = 2.5%

Top/ Tip=10" - o - -
_ . Germanium promising candidate since 1967

[E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—-603]

o(E) / E =0.5%
Top! Top=10"

1/2

Ovpip

O’gE) / E = 01?/5 Ov 3[3
T /T2 =10 ﬂ

172

2vpp

E/Q
Bp
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Detecting double-beta decay

.with the GERmanium Detector Array experiment

o(E) / E = 2.5%

Top/ Tip=10" - o - -
_ . Germanium promising candidate since 1967

[E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—-603]

« Use HPGe detectors enriched in 70Ge

o(E) / E =0.5%
Top! Top=10"

1/2

Ovpip

O’gE) / E = 01?/5 Ov 36
T /T2 =10 ﬂ

172

2vpp

E/Q
Bp
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dN / dE

Detecting double-beta decay

.with the GERmanium Detector Array experiment

o(E) / E = 2.5%

Top/ Tip=10" - o - -
_ . Germanium promising candidate since 1967

[E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—-603]

« Use HPGe detectors enriched in 70Ge

o(E) / E =0.5%
Top! Top=10"

1/2

« Source = detector

Ovpip

O’gE) / E = 01?/5 Ov 36
T /T2 =10 R

172

2vpp

E/Q
Bp
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dN / dE

dN / dE

Detecting double-beta decay

.with the GERmanium Detector Array experiment

o(E) / E = 2.5%

Top/ Tip=10" - o - -
_ . Germanium promising candidate since 1967

[E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—-603]

« Use HPGe detectors enriched in 70Ge

o(E) / E =0.5%
Top! Top=10"

1/2

« Source = detector

« Density
Ovpp

O’gE) / E = 01?/5 Ov 36
T /T2 =10 R

172

2vpp

E/Q
Bp
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Detecting double-beta decay

.with the GERmanium Detector Array experiment

o(E) / E = 2.5%
Top! Top=10"

1/2

o(E) / E =0.5%
Top! Top=10"

1/2

Ovpip

o(E)/E =0.1%
TO /T2 =10°

172

2vpp

Ovip

E/QBB

. Germanium promising candidate since 1967
[E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—-603]

Use HPGe detectors enriched in 70Ge

« Source = detector

« Density

N High detection

efficiency
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Detecting double-beta decay

.with the GERmanium Detector Array experiment

o(E) / E = 2.5%
Top! Top=10"

1/2

o(E) / E =0.5%
Top! Top=10"

1/2

Ovpip

o(E)/E =0.1%
TO /T2 =10°

172

2vpp

Ovip

E/QBB

. Germanium promising candidate since 1967
[E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—-603]

Use HPGe detectors enriched in 70Ge

« Source = detector

« Density

N High detection

efficiency

o Radio-purity [GERDA, Astropart.Phys. g1 (2017) 15-21]
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Detecting double-beta decay

.with the GERmanium Detector Array experiment

dN / dE

o(E) / E = 2.5%

Top/ Tip=10" - o - -
_ . Germanium promising candidate since 1967

[E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—-603]

« Use HPGe detectors enriched in 70Ge

dN / dE

oE)/E=0.5% - « Source = detector . .
T2 =10° ) High detection

. Density efficiency
Ovpp

o Radio-purity [GERDA, Astropart.Phys. g1 (2017) 15-21]

dN / dE

o(E)/E=01% g, :
o 10t . Excellent energy resolution (0(0.1%))

172

2vpp

E/Q
Bp
|. Comellato (1 UM) - tommaso.comellato@tum.de Neutrino Oscillation Workshop- 09.09.2022 - Rosa Marina 5



mailto:tommaso.comellato@tum.de

dN / dE

dN / dE

dN / dE

Detecting double-beta decay

.with the GERmanium Detector Array experiment

o(E) / E = 2.5%

Top/ Tip=10" - o - -
_ . Germanium promising candidate since 1967

[E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—-603]

« Use HPGe detectors enriched in 70Ge

oE)/E=0.5% - « Source = detector . .
T2 =10° ) High detection

. Density efficiency
Ovpp

o Radio-purity [GERDA, Astropart.Phys. g1 (2017) 15-21]

G(E) / E — 0.10/0 O,v 3'3

o T 100 ) . Excellent energy resolution (0(0.1%))

2vpp

172

. Event topology Discrimination - Pulse
DA Shape Discrimination (PSD)

E/Q
Bp
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Detecting double-beta decay

.with the GERmanium Detector Array experiment

> 104 [ - o
© 10 - OM gM Prior to analysis cuts §
e 2 B After analysis cuts S
E = 2v B33 decay G
U 210P0
|I_IJ| |I|IJ| | ||| IIIIIL'L‘IL‘J_IJ.
1000 1500 2000 2500 3000 3500 4000 4500 5000
Energy (keV)

[GERDA, Phys Rev Lett 125 (2020), 252502]

. Background expectations @(Qy; = 20) = 0.3 counts after 105.7 kg yr exposure

High resolution, background-free search of Ovff decay
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The GERDA collaboration
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The GERDA experiment

o L & .| * Located @ Laboratori Nazionali del Gran
| Sasso (Italy)

» Shielded by 3500 m.w.e.

Goals
Background 103 cts/(keV kg yr)
Exposure >100 kg yr
Sensitivity Tf,’;ﬂﬂ > 10" yr
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The GERDA experiment
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The GERDA experlment
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The GERDA experiment
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Image produced with: https:/github.com/gipert/gedet-plots

Event discrimination in germanium
Signal and background

Single Site Event (SSE)[ | Multi Site Event (MSE) Coincidence
Y

7

Background
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Signal and background

Event discrimination in germanium

Single Site Event (SSE)| | Multi Site Event (MSE) Coincidence

|

|

Current [a.u.]
| |
Current [a.u.]

Signal Background

T. Comellato (TUM) - tommaso.comellato@tum.de Neutrino Oscillation Workshop- 09.09.2022 - Rosa Marina



mailto:tommaso.comellato@tum.de

Counts / ( keVkgyr)

Active background suppression

Performance
10°E  All detectors - 103.7 kgyr :
- Prior to analysis cuts 2
10° 3 s
10 o
- o I ¥
. z < QBB
- S
N al
1077 3
1072 3 |
107° 3 :
: | | | | | | | | | | : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I | | |
1000 1500 2000 2500 3000 3500 4000 4500 5000

Energy (keV)
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Counts / ( keVkgyr)

Active background suppression

Performance
10° & All detectors - 103.7 kgyr :
- Prior to analysis cuts <
102 _ ' After PSD cuts :
10 a
— (@) <
_ <t \¢
_ gl

Po-210

107°

oo ok ol il

1000 1500 2000 2500 3000 3500 4000 4500 5000
Energy (keV)
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Image produced with: https:/github.com/gipert/gedet-plots

Pulse Shape Discrimination
Signal and backgrouna

Single Site Event (SSE)[ | Multi Site Event (MSE) g/]oincidence
Y

Background
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Image produced with: https:/github.com/gipert/gedet-plots

Pulse Shape Discrimination
Signal and backgrouna

Single Site Event (SSE)[ | Multi Site Event (MSE) g]oincidence Partial energy deposition
Y

Background Surrounding liquid argon
(LAr) tags these events
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[GERDA, European Phys J C 78 (2018), 388]

The LAr instrumentation

NI
A
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[GERDA, European Phys J C 78 (2018), 388]

The LAr instrumentation
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[GERDA, European Phys J C 78 (2018), 388]

The LAr instrumentation

.and full GErRDA

N

,, ol LAr tank e

-2;"
- T]
1 o
L & :
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[GERDA, European Phys J C 78 (2018), 388]

The LAr instrumentation

How it works

g - \ Ge E
e« 16 PMTs S %
é 45000 ”
. ~1.5km light guiding fibers + 4000 |
SiPMreadOUt 35000:_::::::L?’:,.:":”:’:":-Tf:—:":v::::::::::::::
£ i s
5 10000~ PMT
« Vetoes events in coincidence ¢ | TW
< 9800
with Germanium Z
9600
o Acceptance(()l/ﬁﬁ):~98% yé28400;::::::::::::”::””:””:fi:_;.:.
[GERDA, Phys Rev Lett 125 (2020), 252502] § 28200F SiPM
< 280005—
278005—
27600;“_'-- IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
70 80 90 100 110 120 130
t [us]



mailto:tommaso.comellato@tum.de

Counts / ( keVkgyr)

Active background suppression

Performance
10° & All detectors - 103.7 kgyr :
- Prior to analysis cuts <
102 _ ' After PSD cuts :
10 a
— (@) <
_ <t \¢
_ gl

Po-210

107°

oo ok ol il

1000 1500 2000 2500 3000 3500 4000 4500 5000
Energy (keV)
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Counts / ( keVkgyr)

Total active background suppression

Performance
10° & All detectors - 103.7 kgyr :
- Prior to analysis cuts <
.| " After PSD cuts i
10 = [ After LAr veto and PSD cuts
2vpp decay
10 a
— (@) <
: YN x
_ gl
1 =
(Q\
(00) )
- 3 o
10~ —
1072
3 \HLJ[M L‘ ll
1000 1500 2000 2500 3000 3500 4000 4500 5000

Energy (keV)
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Final results @Qpgg
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[GERDA, Phys Rev Lett 125 (2020), 252502]

Final Results of GERDA

..In the analysis window

All detectors - 103.7 kg-yr
B After LAr veto and PSD cuts
(2 o error bar) -

. Blind analysis around Qg

Background level

214 [3 B \\\\ \\\\

N . Latest unblinding in May 2020

/
/
/
/
/
/
/
/
GERDA 20-06

NN N " 228 H
oo T Bi & T Th gamma lines

NN ;§§ 58.9 kg.yr - Science (2019) ° 2 new counts in Q,B,B i 25 keV

A W . No new counts @,

] /
/|
/

N\ N . Background:

N N e d .23:2 . 10™* cts/(keV kg yr)

/
/
/
/

%

/

/

/
IR S S S S S S
SIS S S S

ﬁ

] I III I ] ] Il II ] ] ]

11 I ] ] | ]
1950 2000 2050 2100 2150 Energy (keV)
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[GERDA, Phys Rev Lett 125 (2020), 252502]

Final Results of GERDA

..In the analysis window

All detectors - 103.7 kg-yr
B After LAr veto and PSD cuts

. Blind analysis around Qg

(2 o error bar) -

=

/
/
/
/
/
/
/
/
GERDA 20-06

NN N " 228 H
oo T Bi & T Th gamma lines

NN . Latest unblinding in May 2020
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- N N . No new counts @0y,
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N N e d .23:2 . 10™* cts/(keV kg yr)
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Counts / (keV kg yr)

Counts / 5 keV

104

[GERDA, Phys Rev Lett 125 (2020), 252502]

Final Results of GERDA

.limits on Ovpp

Prior to analysis cuts [l After analysis cuts

rer————

. Combined (data partitions, Phase I)

unbinned maximum likelihood fit
|GERDA, Nature §44 (2017), 47-52]

TR PR
HMMM w WJ | J  Best fit for null signal strength

il lhh | | | | u“ l | | . Limit (and sensitivity) on OvAf half-life:

2000 2200 2400 2600

T/ > 1.8-10% yr (90% C.L.)

Background best fit and 68% C.L. interval
90% C.L. T/, lower limit (1.8 x 10°° yr)

GERDA 2020

¢ leltS Oon mﬁﬁ

Mgy < 79 — 180] meV
1 N

1950 2000 2050 2100 2150

Energy (keV)
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Counts / 15 keV

Final Results of GERDA

4 [ _
10 E M i Prior to analysis cuts
103 5 B After analysis cuts
= 2v[3 3 decay
107 S
10!
|
|I_IJ| |I|IJ| | ||| IIIIIL'L‘IL‘J_IJ.
1000 1500 2000 2500 3000 3500 4000 4500
. All design goals are surpassed!
Goals Achievements
Background 103 cts/(keV kg yr) S.Zﬂg . 1074 cts/(keV kg yr)
Exposure >100 kg yr 103.7 kg yr
Sensitivity T/ > 10%0yr T/ > 1.8-10% yr
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5000
Energy (keV)
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Physics results below Q.




GERDA’s studies below 0O,
A broad physics program

Precise determination of the 2v// half-life
Updated limits on Majoron-involving decays

First constraints with 70Ge on Lorentz violation

First experimental constraints on light exotic fermions

Constraints on sterile neutrinos

Competitive results thanks to LAr instrumentation

T. Comellato (TUM) - tommaso.comellato@tum.de Neutrino Oscillati%i:“ jorkshop- 09.09.2022 - Rosa Marina s
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LAr instrumentation provides clean 2v44 spectrum

..and its modeling gives knowledge on the background underneath

 LAr instrumentation reduces s B PN TR T Y S B BB Y T TTY
—— Total model —— 228Ac 60Co — 2K a model
background by factor ~10 in the 2vpf ' :
. ; 2 —vv oo -:W |
region L 10 o 4 - 'L
S o e L ] Ll g OHS et
* Synergy background model-LAr 5 10k Sl T [P N . ] F“vuﬁu e
model reveals what background is 8102 L UL %L
underneath . '
© +20
o 0
$ -20 . -
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Energy (keV)
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Precision measurement of the 2v/4/ half-life
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Precision measurement of the 2v/4/ half-life

7 2
* Result of GERDA Phase I: > I7 kB '
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* w/o LAr instrumentation S oo 8 3 %’0 ¥ < § =
AR a
o : . . . N 5= | E < T : g
o e c ¢ D -
Systematics dominated by uncertainty in the 125 5| B < 2 3 &
active volume ool B & S
T orafim
2UBp 21 . | | . | Preliminary
» T2 = (1.926 £0.094) - 10! yr 1990 1995 2000 2005 2010 2015 2020
Publication year

T. Comellato (TUM) - tommaso.comellato@tum.de Neutrino Oscillation Workshop- 09.09.2022 - Rosa Marina


mailto:tommaso.comellato@tum.de

Precision measurement of the 2v/4/ half-life

* Result of GERDA Phase I:

* w/o LAr instrumentation

* Systematics dominated by uncertainty in the
active volume

o TP _
Tl/2 o

(1.926 +£0.094) - 10*! yr

* New result of GERDA Phase II:

* w/ LAr instrumentation

* Improved systematics

. 2Up0
T1/2 o

(2.022 £ 0.041) - 10°! yr prefiminary

* Most precise determination of 70Ge 2vf[

half-life

T. Comellato (TUM) - tommaso.comellato@tum.de
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|arXiv:2209.01671]

Exotic double-beta decay modes

Will show up as deformations on the 2ufp spectrum

* Search for double-beta decays with emission of one or two
exotic particles

— Standard Model 2v88 decay ~ | Sterile neutrino emission, m =600 keV
e Maiorons ----  Majoron emission (n=1,2,3,7) - Double fermions emission, m,=300keV
J ——-  Lorentz violation
_ 2.5
c (A.Z) = (A, Z+2) +2e + J2J)
* Limits on the neutrino-Majoron coupling constant g; 2.0-
* Sterile neutrinos N [Phys.Rev.D 105 (2021) 5, 055019, Phys. Lett. B 815 (2021)] E 15-
*AZL)-> A Z+2)+2e +D,+N 2
. . 1 E \\\\ \\\ \\
* Light exotic fermions y (phys.RevD 105 (2021)5,055019, Phys. Lett. B815 (2021)] N
0.5 I N\ *\ \\ \l
hY "\ \\ \\
* (A, Z) > (A, Z+2)+2e + 2y \.\\ LN
0.0 — e
* Lorentz violation in the neutrino sector 0 500 1000 1500 2000

Energy (keV)
* (A, Z) = (A, Z+2)+2e + 20"
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Counts / (10 keV)

|arXiv:2209.0167/1]

Exotic double-beta decay modes

Results

Ovf3B) / OvBB)) (n=3) 90% C.L.

Ovfag)) (n=7) 90% C.L.

—— 0vBBxx (m,=300 keV) 90% C.L.

—— Sterile neutrino {(my=600 keV) 90% C.L.
—— Lorentz Violation 90% C.L.

BEGe detectors - 32.8 kg yr -
Best-fit model (no exotic physics signal)
Standard Model 2v(38 decay
Background

OvBB) (n=1) 90% C.L.

0vBB) (n=2) 90% C.L.

40K GERDA 2022
42K
) ]
600 800 1000 1200 1400 1600 1800 2000

Energy (keV)

* No evidence of positive signals,
but 90% C.L. limits are derived

* Details in backup

Exotic decay mode

Observed Limit

Decay with Majorons (n=1)
n=2
n=3
n=/
Lorentz Violation
Sterile Neutrinos (mn=500-600 keV)

Exotic fermions (m=300 keV)

T1/2>6.4 1023 yr

T1/2>2.9 1023 yr

T1/2>1.2 1023 yr

T12>1.0 1023 yr

(-2.7 <acf® < 6.2) 106 GeV

sin29 < 0.013

T12>1.6 1023 yr
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Conclusions

GERDA has run in background-free regime for the entire
duration of its data taking

Provided among the most stringent constraints on the half-
life of Ovff decay

Obtained a precise determination of the half-life of 70Ge

2vff decay

Searched for a broad variety of BSM physics and obtained
competitive limits

Bright future ahead A\\A

. —>See R. Brugnera’s talk tomorrow 16:25 "I
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The data taking of GERDA phase II

[ ] GERDA Phase Il runs —— Exposure Physics data | Calibration data B Special calibration data
T 00 el ~100 5
o - | @)
= _ S
g0.0B o R O 1 i P R R B | B (R Rl B 80 o
S O.06 -ttt (it tnt L 60 S
© _ LL
o 004w bl L LT Il | | [l 40
o
O
G oo I LT | | | [l 20
! I ! !
0-00 I | T AT Tk
2016-01 2016-07 2016-12 2017-07 2017-12 2018-0 2018-12 2019-07
“\ “*\ Date (year-month)
* Phase Il duty cycle: 87.7%
* 103.7 kg yr (127.2 kg yr with Phase I) s new inverted
coaxial detectors

* Upgrade in 2018
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Shift at 2.6 MeV Peak (keV)

’
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* Detectors calibrated weekly with 228Th

* Energy shifts between calibrations < 1 keV

» Zero Area Cusp energy filter (zuropean Physic 75 2015, 255)

4.5
4.0
3 3.5
T 3.0
T3
L
2.51
2.0}

Performance on the energy scale

- HE BEGe detectors i g
Bl Coaxial detectors i ,,,,, ol =
. I IC detectors s 5
e
o - Qsp
o
500 1000 1500 2000 2500
Energy (keV)
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FWHM at 2.6 MeV Peak (keV)

FWHM at 2.6 MeV Peak (keV)
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Resolution stability

BEGe detectors
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Prior to analysis cuts After PSD cut BB After PSD and LA~ veto

S
102 o

40 142
6SZn K K

. 208Tl
21OPO

itk

IC detectors - 8.6 kg yr

—_
(a»)
Qps |

4OK42K

J 214B; 2087 210pg

BEGe detectors - 53.3 kg yr

214Bi
Zvﬁﬁ ﬂwﬁﬁmwwwMﬂwﬂJHMﬁwwﬂWHWhﬂmwﬁh%
W y”\ | o

Coax detectors - 41.8 kg yr

it

Total active
background
suppression

.Jper detector family

» 210Po coming from coaxial detectors

o Bl: O(10™%) cts/(keV kg yr) for all
detector families
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Majoron-involving decays

A, Z) = (A, Z+2)+2e +J(2J)

- ——
R et gy 0
g
~-
-~
-
ﬁ
-~
-
-~
-

GERDA 2022

GERDA 2022

Searched for double-beta decays with
emission of two Majorons according to 4
different models (n=1,2,3,7)

Limits can be converted into the Majoron-
neutrino coupling constant g;
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Decay mode 112 (yr) g
Sensitivity Observed limit
OvBBJ (n=1)  3.5-10% Ol R - 4107
OvBBJ (n = 2) 2.5-10% 20100 —
OovBBJ (n =3) 1.3-10%3 2 e (LS < 0.017
0vBBJJ (n=3)  1.3-10% > 1.2:10% ]2
OvBBJJ (n=T7)  5.810% > 1.0-10% < 1.0
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p-value

1OO:

l.orentz violation

A, Z) > (A, Z+2) +2e™ + 20

GERDA 2022
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103

Lorentz-violating 2vB decay
—— QObserved 68% interval

-- Expected 90% interval

RO 0 D0 0 A TR e D
aly (Gev) le-5

« Lorentz violation in the neutrino sector
would affect the energy distribution of

electrons through isotropic component ao(;)

« First constraints with 70Ge

. Results comparable with other double-beta
Isotopes

Sensitivity Observed Limit
(-3.8< aﬁ? <4.9)100GeV (-2.7< af;) <6.2)10%GeV

Phase space ratio to combine SM distribution and LV perturbation from [Phys. Rev. D 103, Lo31701]
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Search for light-exotic fermions

A,Z2) > (A, Z+2)+2e +0,+ N AND (A,Z) - (A, Z+2)+2e” +2

GERDA 2022

p-value

| Sterile neutrino my= 600 keV
: —=— QObserved 68% interval
---- Expected 90% interval

GERDA 2022
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103 OvBBxx my= 300 eV
] —— Observed Bl 68% mterval
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N events

1074

GERDA 2022

e GERDA Phase Il - 32.8 kg yr

B-decay and solar v experiments

0.00 0.01 0.02 0.03 0.04
sinZe@

| GERDA 2022

400 600 800

my (keV)

B GERDA Phase ll - 32.8 kg yr

300 400 500 600

m, (keV)

Massive exotic fermions would
shift the endpoint to lower
values

We searched for sterile neutrinos
(N) and their Z,-odd variant

Limits for sterile neutrinos not
competitive with single-beta
decay experiments

Pair production of exotic
fermions can only be tested in
double-beta decay
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Background Model
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[GERDA, J High Energy Phys, 2020 (2020), no. 3,139]
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Global picture of the neutrino mass
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mg, 99.7% CL discovery sensitivity [meV]
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