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Experimental overview
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Which nuclei can decay via 0vg[? Candidate ~ Q[MeV]  Abund [%]
48Ca -> 4T 4.271 0.187
. 76 -~ 76
« Number of events around the Q-value region: Ge > 7058 2.039 78
82Se -> 82Kr 2.995 9.2
N Ny a-e-M-t = N,:Avogadro number %Zr -> %Mo 3.350 2.8
- .
w L1y W'. m°'af mass 10Mo -> 100Ru | 3.034 9.6
* q:isotopic abundance
= ¢: detection efficiency 110Pd -> 110Cd 2.013 11.8
= M: total active mass 11804 - 11681 5 802 .
= t: measuring time
= T/;: half-life of the isotope 12450 > 1#tle 2.228 5.64
130Tg -> 130Xe 2.530 34.5
[ 136Xe -> 136Ba 2.479 8.9
150Nd -> 150Sm | 3.367 5.6
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What do we expect to see?

2vBP

>

A peak at the Q-value of the decay

Q = E¢1 + Egy —2mg,

Arbitrary units

So far, no observation of this decay.

Best limits on Ty,

e 136Ye:3.8-102%° yr (KamLAND-Zen)
« 130Tg: 2.2 -10%% yr (CUORE)
A « 76Ge: 1.8 - 10%° yr (GERDA)

Sum energy of the 2 electrons [keV]
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Experimental requirements

B - AE +—— Energy resolution

Background index

In summary, to improve sensitivity, we require:

Large active masses of the detectors

Low background
High isotopic abundance (or an isotope that can be enriched)

Good energy resolution

B wnN e
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How do we try to detect this?

Charge

TPCs

GERDA, Majorana, LEGEND,
SuperNEMO, COBRA

XENON, NEXT,
nEXO, DARWIN/

Scintillation bolometers

Light
KamLAND-Zen, SNO+

CUPID
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Why xenon TPCs?

* High light (S1) and charge (via
STtop proportional scintillation, S2) yield

GXe § > Actime * Good energy reconstruction (linear
anode *E > combination of S1 & S2)
gate ________ N

LXe drift ime 3D position resolution:
ep . .

E. * Single versus multiple scatters

. * Fiducialisation 10t . . . .
particle BEERS = S R, - - :
Electronic Recoil (ER)

cathode = = et * Particle ID via S2/S1

103

cS2y, [PE]

S1 lb Nuc'lear Recoil (NR)
bottom

(Credit: XENON collaboration)

2L 1 |
1% 0 20 40 60 80 100

cS1 [PE]
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Already operating xenon TPCs

World leading experiments

in dark matter searches
PandaX (CJPL)

Very similar detectors:
* They operate < 10 t of
Xenon

* Same detection principle LZ (SURF)

XENON (LNGS)
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WIMP detection sensitivity
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The DARWIN observatory

Proposed next-generation xenon experiment

top sensor array
(955 PMTs, electronics,

* It consists of a dual-phase time projection SRR copper + PTFE panels)
chamber (TPC) filled with 50 t of xenon fomier vt —
field cage frames (Titanium)

(copper, 92 rings)

TPC reflector
(PTFE, 24 panels)

2.6 m in diameter and 2.6 m height

support structure
(PTFE, 24 pillars)

bottom electrode
frames (Titanium)

Low background, double-walled titanium
cryostat

PSR bottom sensor array

pressure vessel

Two arrays of photosensors
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DARWIN science goals
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DIRECT DARK

MATTER DETECTION
NEUTRINOLESS

DOUBLE BETA DECAY
136XE

SOLAR AXIONS

JCAP 10, 016 (2015)

\DA_RWIN

DARWIN Collaboration
Eur. Phys. J. C 80, 9 (2020)

LOW-ENERGY

GALACTIC ALPS,
SOLAR NEUTRINOS

DARK PHOTONS

DARWIN Collaboration,
Eur. Phys. J. C 80, 12 (2020)

COHERENT
NEUTRINO NUCLEUS
SCATTERS

SUPERNOVA

NEUTRINOS
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DARWIN, with its large mass, low-
energy threshold and ultra-low
background, will open a large
variety of physics channels

=) |n particular, OvpB of 13¢Xe

10
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DARWIN collaboration
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DARWIN R&D

Scintillating
windowlet

=100 -75 =50 =25 0.0 2.5 5.0 7.5 10.0
x (m)
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Why is DARWIN a good Ov[3[3 detector?

* |t contains a lot of natural xenon:
* 9% is 13%Xe
* Q value of 13¢Xe Ov[3f3 far from other backgrounds
* |t can be enriched

* It can achieve a good energy resolution:

% — \/if + b =0.8% at Q (Demonstrated by XENON1T)

* It can reach a low background rate
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Backgrounds in DARWIN

* Nuclear recoils

* Muon-induced neutrons —» water tank to stop neutrons from rock-concrete (6 m radius cylinder)
* Radiogenic neutrons — improve material selection

3.5 C “ZRn (1 pBq/kg)
H : = 'Be neutrinos
 Electronic recoils 301 P e et
* Intrinsic: 222Rn, 8°Kr, 136Xe, 124Xe 3 25F-  DARWIN goal
* Materials: Traces of U and Th decay chains o - (current value
. ) ) =~ 20  in XENONNT is ~0.8 uBg/kg) R
* Neutrinos: neutrino-electron scattering from solar i : 2vpp
neutrinos, ’Be neutrinos X 1.5
% 1.0
We have performed detailed Geant4 ¢
. . . . . p- " K
simulations to estimate the impact of specific 0.5/= — :
) . B *Rn (0. k
backgrounds (materials and cosmogenic) )
' 2 4 6 8 10 12 14

Energy [keVee]
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Cosmogenic activation: 137Xe i) zorich

In addition to these backgrounds, the 13’Xe beta decay can mimic a Ov[3f3 signal

3.82 min
137, B, 33%
51 K€\ ™o — _ _
p 67% l 455 keV — 10—6
n & Overburden
B, 94.6% 5 WIPP n LSC ¢ Flat
30'1 y %2708 ______ E 10-7 Soudan’ g Xamicka #  Mountain
B.5.4% l 661 keV 2
137 § Boulby % SUPL u LNGS
56 Ba %10*8
= .LSM
a SURF.
* Muons induce neutron cascades when they pass through the detector -
» 137Xe is produced after a neutron is captured by 3¢Xe .
SNOLAB CJPL
10710
=) |t depends on the underground location

1.0 1.5 20 25 3.0 35 40 45 50 55 6.0 65 7.0 75
Vertical Depth (km w.e.)

Cosmogenic simulations for several locations: DARWIN collaboration, Eur. Phys. J. C (2024) 84
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The simulations

* Realistic simulation of the geometry of the TPC . —

00—
00
00—

* Shielding materials (rock, concrete) "

e Several physics lists tested

* Realistic muon generator (based on MUSIC) e

We obtain production rates of 3’Xe, muon-induced
neutrons, isotopes produced by spallation...

BLV, Karlsruhe - 11.10.2024 Exploring OvB[ with the DARWIN observatory 16



Al University of
ar Zurich™

Sensitivity of DARWIN to the 13¢Xe Ov[3[3

Although the final location of the experiment is not Sensitivity at 90% CL:
vet decided, we have taken the Gran Sasso (LNGS)
laborat f f lculati T0v=1n2-e.fR01.a.NA' ~2.7-10% yr
aboratory as a reference for our calculations 1/2 1.64 My, B AE :
Region Of Interest: 2435 — 2481 keV (Q = FWHM/2) =20 *e0 |
6-10* neum.n..o..c.x.om",‘-“:i"ref;é:;:;.—- —————
....... e = (=

Exposure: 10 yr

H

-10?7 15,

Fiducial mass: 5 t

’—l
[
o
N
~
s

®pandaX-lll

Energy resolution: 0.8% at Q = 2457.83 + 0.37 keV

TY}, Sensitivity limit, 90% CL [yr]
(9) N
=
‘2,

B KamLAND2-Zen

0 2 4 6 8 10 12
Exposure time [yr]

DARWIN collaboration, Eur. Phys. J. C (2023) 83
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Background and signal of 136Xe Ovp[5

Signal: 2 - 1027 yr

100
DARWIN (Mgy = 5t) OvBB --- combined Background Type Background Rate Rel. _
ROl ... Bkg. + Signal (T1p = 2 - 1027yr) index uncertainty
1071
External (5t FV)
10-2 214Bi peaks + continuum 1.36-107° 0313 +3.6%
2087 continuum 6.20-107%  0.143 +4.9%
10-3 #Sc continuum 4.64-107°  0.001 +15.8%
Intrinsic contributions
I — — 8B (v — e scatlering) 151-10% 0035 +£135%
10 137 BB (U_e_) 137 g —4 0
Xe (LSM) Xe 1.69-10 0.039 +10.2%
. "¥Xe (SURF) N 136Xe (2vBB) 578107 0.001 +17.0%
1075,
22Rnin LXe (0.1 pBqkg™") 3.09-10~*  0.071 +1.6%
~7Xe (SNOLAB) Total 2621073 0.603 +2.4%
1076 \ < A

2200 2300 2400 2500 2600 2700 2800
Energy (keV)

Events/(t yr keV)
DARWIN collaboration, Eur. Phys. J. C (2024) 84 Events/yr
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Comparison with other experiments
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The future: XLZD

 Merger of DARWIN,XENON and LUX-
ZEPLIN collaborations to build and
operate next-generation liquid xenon
detector

* New, stronger international
collaboration with demonstrated
experience in xenon time projection
chambers

Collaboration has been established
(September 2024)

LUX-ZEPLIN

https://xlzd.org/
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Evolution timeline
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XENON10 XENON100 XENONIT XENONNT
25 kg LXe 160kgLXe  3200kgLXe 8500 kg LXe 60 t LXe
600 [tdkeV]! 53[tdkeV]T 0.2[tdkeV]? 0.04[td keV]1 Reduce background

Started in 20|06

20|O8

down to pp level

20|15 20|2O

| | BiE B S S s R SsE -

BLV, Karlsruhe - 11.10.2024
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Sensitivity with XLDZ

Assumptions:
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0.1 uBa/kg 222Rn materials radiopurity already identified

Signal: 5 - 1027 yr

10_2 1- 1028
OovBp
ROI
136 -
L material = 51077
o (before / after 3
103 vetos) =
_ =
|L _;
> B
- $ 2107
in 137 v
L ~2/Xe (LNGS) ;
73] Q
c 107 S ¥ KamLAND2-Z
Q -

% 2 1-107 XLZD am en
e «©
o =
I 137Xe (SURF) g
= = 5-10%

107>

2300 2350 2400 2450 2500 2550
Energy [keV]

2600 2650 0 P 4 6 8 10 12

Exposure time [yr]
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Summary

* The neutrinoless double beta decay (OvpBf) would prove the Majorana nature of the neutrino
* Despite being a dark matter experiment, DARWIN is sensitive to other physics channels of interest

* |Inits baseline design it contains 50 t of natural xenon (9% 13®Xe)

* Simulations yield an expected sensitivity limit for DARWIN of Tlo/"2 = 3 -10%7yr for a 10 year
exposure with 5 t fiducial mass

* The XLZD experiment will operate ~60 t of xenon in ultra-low background conditions

* Its sensitivity to the OvBB would be competitive with other experiments dedicated to the study of
this process
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