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Double-beta decay

What is double-beta decay

* For a few nuclei, single 3-decay is forbidden

A,Z A Z+ 1 N7 . .
A,2) > A, Z+ D +e +1, * But: simultaneous 3-decay of 2 neutrons is

allowed

B (A,Z+1) . : ,
(A,Z) _ * Hypothesized in 1930’s
¢ Tl %) > @ (1017) Y [Goeppert-Mayer, M, Phys Rev 48 (1935), no.
6, 512—510]
PP ~a (AZ+2) * Measured in several isotopes (76Ge, 82Se,

100\Mo, 130Te, 136 Xe...)
(A, Z) > (A,Z+2)+2e¢™ + 20, '
« T~ 010820y
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Double-beta decay

What is neutrinoless double-beta decay

* Double-beta decay channel without
emission of neutrinos

n—Zp o+ Ze * 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

(A,Z) > (A, Z+2)+2e + 3,
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Counts / keV

Detecting double-beta decay

The experimental signature

S | 8
! 5 . Signature:
10° c% 5
: 3 .
. Ovff: energy deposition of 2 electrons
ol 2000 @ Qg (= 2039 keV for 76Ge)
- Energy (keV)
. 2Upp: energy deposition of 2 electrons
10 @ E < Qﬁﬂ
| . Experimental challenge:
enriched detectors - 53.9 kg-yr
Ovpp (T, =1.0-10%yr) . NO background @Qﬂﬁ for @(10) y
2vpp (T. =1.93-10%" yr [EPJC 75 (2015) 9))
10—1 1/2
‘ 500 R 1000 R 1500 ‘ ‘ 2000 ‘
Energy (keV)
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Detecting double-beta decay

...with the GERmanium Detector Array experiment

S o(E) / E = 2.5%
pa TV /T =10° . . . .
S . Germanium promising candidate since 1967
] [E. Fiorini et al., Phys Lett B, 25 (1967), no. 10, 602—603]
. Use HPGe detectors enriched in 76Ge
LLI
= o(E)/E =0.5% - . _ . .
z To, /T2, =10° Source = detector ) High detection
' « Density efficiency
Ovpip . .
, , o Rale'purlty [GERDA, Astropart.Phys. 91 (2017) 15-21]
LLI
© oE)/E=01% g, ,
= oI 10° ) . Excellent energy resolution (0(0.1%))
2vhp . Event topology Discrimination - Pulse
i Shape Discrimination (PSD)
0.95 1
E/ QBB 5
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Detecting double-beta decay

...with the GERmanium Detector Array experiment

> 4 1 -
L 10 E M B Prior to analysis cuts S
all 103 5 B After analysis cuts é
E = 2v[ B decay (T}, = 1.93 x 102! yr) 5
S 107 2|
8 210P0
10!
! b LU.
|I_IJ| |I|IJ| | |I| |III|I| |I |
1000 1500 2000 2500 3000 3500 4000 4500 5000
Energy (keV)

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

. Background expectations @(Q;; = 20) = 0.3 counts after 103.7 kg yr exposure

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

http://www.mpi-hd.mpg.de/gerda/ N
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The GERDA experiment

e Sk * 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 experlment
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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

Signal Background
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Event discrimination in germanium
Signal and background

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

| |
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Active background suppression

Performance
; 10° = All detectors - 103.7 kgyr <
2 - Prior to analysis cuts 3
= i €
g 102 = 5]
P -
S 1oL
8 = ' @
: || Qg
- S
i o
10~ 3
1072 3 !
107° = :
: | | | | | | | | | | : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I | | |
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Active background suppression

Performance
5. 10°F  All detectors - 103.7 kg:yr .
2 - Prior to analysis cuts 5
> - o
After PSD cuts W
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Image produced with: https:/github.com/gipert/gedet-plots

Pulse Shape Discrimination
Signal and background

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

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

Pulse Shape Discrimination
Signal and background

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

Signal Background Surrounding liquid argon
(LAr) tags these events
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Th e L Ar vet() SYStem [GERDA, European Phys J C 78 (2018), 388]

...and full GERDA

\
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Th e L Ar vet() SYStem [GERDA, European Phys J C 78 (2018), 388]

How it works

e« 16 PMTs

» ~1.5 km light guiding fibers +
SiPM readout

« Vetoes events in coincidence
with Germanium

. Acceptance (ovfp) : ~98 %

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

ADC counts
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Active background suppression

Performance
5. 10°F  All detectors - 103.7 kg:yr .
2 - Prior to analysis cuts 5
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Total active background suppression

Performance
; 10° = All detectors - 103.7 kgyr S
2 i Prior to analysis cuts 5
= .| " After PSD cuts i
< 10 = [ After LAr veto and PSD cuts
E; 2vBp decay
-
3 10 F
) = Q
° il
: \ ‘
1 S
00 )
- S ¢
10~ —
107
" \IJLJ[M L‘ ll
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Final results @Qgp




[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
100 - (2 o error bar) -

=

. Blind analysis around Qg

Exposure (kgyr)
//
s
/
7
s
/
GERDA 20-06

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

80 [

NN . Latest unblinding in May 2020

|
|
|
|
|
I
|
Background level Q NN
|
|
|
|
|
|
|
|
|
|

c0— - —  "—u . — — . — e e

NN §§§§ 58.9 kg.yr - Science (2019) e 2 NEW CcOoUunts in Qﬁﬂ i 25 keV

e

20— —-—

——

- N . No new counts @Qy

N . Background:
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Counts / (keV kg yr)

Counts / 5 keV

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

Final Results of GERDA

...limits on Ovff

Prior to analysis cuts [l After analysis cuts

| + Combined (data partitions, Phase )
unbinned maximum likelihood fit

HJJ JW'”J w ‘ |GERDA, Nature 544 (2017), 47-52]
w WJ [ J * Best fit for null signal strength
h lhh | | | | u“ l | | . Limit (and sensitivity) on O/ half-life:

2000 2200 2400 2600
T/ > 1.8 -10°°yr (90% C.L.)

rer————

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

T 11T
GERDA 2020

leltS on mﬂﬁ

Mgp < 79 — 180] meV

1950 2000 2050 2100 2150
Energy (keV)
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Counts / 15 keV

Final Results of GERDA

4 [ ) -
10 § M QM Prior to analysis cuts §
103 5 B After analysis cuts é

ad
= 2v[ B decay (T}, = 1.93 x 102! yr) ©
107 S
210130
10!

| pihis LM.

|I_IJ| |I|IJ| | |I| |III|I| |I |

1000 1500 2000 2500 3000 3500 4000 4500 5000

Energy (keV)
. 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 (footnote Phase I)
. Ovpp 26 Ovpp 1026
Sensitivity 1,7 2 107 yr 17" > 1.8 107 yr
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Conclusions

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

—A— expected for no signal
O observed

Provides the most stringent constraints on
the half-life of Ovff decay

2020

[
N
|

.*‘
-
|

Bright future ahead w ) NUA

O
N
|

T} , lower limit (10%° yr)

« —>See R. Henning’s talk #104

20 40 60 30 100 120
Exposure (kg yr)

Provides results on the search for exotic
fermions —> see E. Bossio's poster #80
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The data taking of GERDA phase I

[ ] GERDA Phase Il runs —— Exposure Physics data | Calibration data B Special calibration data
T 00 el —1100 %
S 2
g 008 g (tt L m L | 1 [l b el 80 o
-
S O.06 -ttt (it tnt L 60 S
© _ LL
o 0.04r--w e b bttt Lttt b 40
o
=3
i O.02 B | [ (Il =" | | | [~ 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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T. Comellato (TUM) - The GERDA experiment on the search for Ovff decay - XIX International Workshop on Neutrino Telescopes - 23.02.2021 - Online



Shift at 2.6 MeV Peak (keV)

Performance on the energy scale

3 )
All°detectors

[

[

@
GERDA 20-07

: ;

1:, 4.5+ I BEGe detectors |

— | | e
s, B Coaxial detectors | PPtas

—¢ | /”’

4 4.0r I |C detectors SO
1= -~

: S g
-2 :— i) 3.5 B ”/”’ :

= ~ ,r” : Qﬁﬁ
_3_| ..I I | I I | I I | I I | I I | | | | | | | | z ,;‘ :
2016-01 2016-07 2016-12 2017-07 2017-12 2018-07 2018-12 2019-07 I 3.0 P |

Date (year-month) E

GERDA 20-07

2.5 |

* Detectors calibrated weekly with 228Th - i

* Energy shifts between calibrations <1 keV . . . | .
500 1000 1500 2000 2500

» Zero Area Cusp energy filter european hysc 75 2015), 2551 Energy (keV)
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FWHM at 2.6 MeV Peak (keV)

FWHM at 2.6 MeV Peak (keV)
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Details on PSD

g P ' ) " o Coaxial detectors - 41.8 kg-yr 5
A | Q. £ 700 - o QL (] After LAr veto and ANN cut 8
—~ 100} le 2, % ¥ QE) ! 2 - [C+_] After LAr veto, ANN and risetime cuts é
T ) “ ! : ﬁ . o o = 600 - vy - - - Background window =
W e 5 L Ll e SR YA 271 . A
< Tl CETEE : T 500 - .. ¢ i

d Prechd g ' i ,
"'~' : i '. BEGe & IC detectors - 61.8 kgyr N :. .
-50 h 4 v [ After LAr veto 5 . )
’ res [Ce ] After LAr veto and A/E cut & ' olee ® s ) o & BAGHk i
-100}+ ! ; ! - - = Background window é “: , b8 . . «e% R wf?}*&*ﬁm
B ¢ i |
! it . 1 ! ! Lo a ! ! il LI ! 1 1 ! ! !
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Background Model

s [ M1-enrBEGe - 32.1 kgyr
10° & , | Data —— Model — ?'2Bj+2%T] —21gj 2"pp
C . 228AC N ZVBB e 40K N 42K

[GERDA, J High Energy Phys, 2020 (2020), no. 3,139]

GERDA 13-03

counts / 10 keV

> -
e 10° & M2-enrGe - 60.2 kg-yr 3
4 Data —— Model — 212Bj + 28| ——24p;, 2¥py &
| : ; ' ' : £10° G . e 228 40 2 60 &
3 ' 5 [l e B it B -0
-8 o i\ 7 -...q .,nl..o ﬁ%b - . i" ’.'- . L . 8 p1
a e e smas  wm h.)g »5 “J. L2 -.C. ". -
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o) 8 o
[ ©
3 3 LTn AL i e e bmetm o
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