Chapter 1

Current Status of Double Decay

Experiments

1.1 Detector Design Considerations

Double beta decay experiments search for a small signal from 0v2§ hidden
amongst backgrounds from natural radioactivity and 2v2f. Though the 0v2f
process has not yet been observed, many 0v2 decay search experiments using
different techniques exist, and these experiments have set ever more stringent

limits of 0v2f and improved the half-life measurement of 2v2f.

The expected half-life sensitivity of a 0v2f decay experiment can be approxim-

ately parameterised using the following equation [1]:

4.16 x 10%6yr (ea) Mt

T, > AN (1.1)
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where

° TOV

1/ is the half-life sensitivity to 0v2f in years

* ny is the number of standard deviations for a given confidence level (90%

CL corresponds to ngs = 1.64)
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e is the event detection and identification efficiency

a is the isotopic abundance of the 0v2( source isotope in the source mass

Z is the molecular weight of the source isotope

Mt is the total exposure of the experiment in kg-yr

Np is the number of expected background events for the exposure

This equation is valid for a relatively large number of expected background
events, where a Gaussian approximation of Poissonian statistics is valid, so the
error is v/Np. In cases where the number of expected background events is not
sufficiently high, it may still provide indications as to how experimental para-
meters may affect the half-life sensitivity. The equation shows that in order to

maximise the half-life sensitivity in an experiment, it requires:

* ahigh detection efficiency

* the highest possible mass of the isotope

¢ the lowest possible background

Besides, to achieve a better sensitivity, it also requires the detector to have:

* good energy resolution of the detector, which helps reduce the impact of
both the natural radioactivity and the 2v2 process high-energy tail in the

Region of Interest (ROI).
* good spatial resolution to reduce the background from random coincid-
ences.
For a zero-background experiment, the sensitivity follows
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where N4 is Avogadro’s constant. One major advantage of the zero-background

experiment is that the sensitivity is proportional to the exposure M.

1.1.1 Isotopes

12 isotopes have been observed to undergo 2v2( decay, all of which are 0v2p
decay candidates. The experimental considerations of choosing the isotope in-

cludes:

high isotope Qgg value to reduce possible background from natural radio-

activity

possibility of increasing the mass of isotope, which is limited by the natural

abundancy and ease of enrichment.

high phase-space

high NME

The list of most promising 2v2 decay isotopes are summarised in Table 1.1.
While the majority of isotopes can be enriched via centrifugation, which is re-
latively low in cost for producing a large mass of the isotope, electromagnetic
separation is currently the only possible method for producing *3Ca, 6 Zr, and

150N,

1.1.2 Radio-purity

As shown in Equation 1.1, in order to maximise the sensitivity of the experiment,
the largest possible exposure is required, meaning as many atoms as possible of
double beta decay isotope should be studied for the longest possible time. In
addition, the best possible detector efficiency to detect the event it also required,
in the case a 0v2f process does occur. One dominant background contribution is
from the natural radioactive isotopes ?1*Bi and 2°8Tl, which come from 233U and

232Th contamination in the detector materials, hence where Ng usually increases
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Isotope  Qgpgp G NA Enrichment Possibilities
keV 107yr~! %  Current Method R&D Method(s)
BCca 4276 7.15 0.187 EMS Laser Separation,
Gaseous Diffusion
%Ge 2039 0.71 7.8  Centrifugation -
828e 2992 3.11 9.2 Centrifugation -
%zr 3348 5.63 2.8 EMS Laser Separation
10000 3034 5.03 9.6  Centrifugation -
16cd 2804 5.44 7.6 Centrifugation -
130Te 2529 4.89 34.5 Centrifugation -
136xe 2467 5.13 8.9  Centrifugation -
10Nd 3368 23.2 5.6 EMS Laser Separation,

Centrifugation

Table 1.1: Details of isotopes commonly used in 0v2f experiments, showing Q-value,
phase-space factor, natural abundance (NA), and possibilities for enrichment.
EMS is the electromagnetic separation. G%" is calculated with g4 = 1.25 and
R=12 A" fm2,3].

linearly with exposure in real-life operation, with such a dependency on exposure

reduces to v Mt.

The half-life sensitivity of an experiment is given as 1/y/Np. As such, the best
sensitivity will be achieved by minimising the number of background events
while keeping a high signal efficiency. One main background contribution is the
natural radioactive isotopes 2'*Bi and 2°8Tl, which come from 233U and ?*’Th

contamination in the detector construction materials.

To suppress the backgrounds from radioactive contamination, the detector ma-
terials must be carefully chosen to be extremely radiopure. For example, to reach
a sensitivity to the Majorana neutrino mass of 10meV level, it is expected that
materials will require radiopurity below the p/kg level. To further reduce this
contribution, it is also preferable to select an isotope with Qgg > 2.6 MeV (as lis-
ted in Table 1.1) . This greatly reduces the background from ?°8Tl, which has the

highest energy y-line (at 2.6 MeV) in the 3>Th decay chains.
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1.1.3 Location

Except for contamination of the detector materials, there are external sources of
background for rare event search experiments, one of which are cosmic muons.
A typical 0v2f experiment has at least 2500 water-equivalent of rock to ensure
the suppression of cosmic background, and as such it is essential to locate the
experiment in an underground laboratory. Figure 1.1 shows a list of the major

underground laboratories around the world.
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Figure 1.1: A list of the world major underground laboratories, their respective depth in
meters water equivalent (m.w.e.), and their volume (represented by the size
of the circles) [4].

1.1.4 Shielding

Additional shielding can provide further reduction of the background from ex-
ternal sources. The cosmic muon background can be suppressed further by using

active shielding. As background from the surrounding environment, i.e. rocks
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and materials in the lab, usually consist of gamma radiation or neutrons, radio-
pure lead, ultra-pure copper, and water shielding are generally chosen to protect
the detector. In addition, there is usually a detector shell made of radio-pure ma-

terials to act as a radon barrier.

One external background that can not be shielded against are the 8B solar neut-
rinos, which increase proportionally to the detector mass. For the current exper-

iments, like SNO+, this is already expected to be a major background.

1.1.5 Energy Resolution

In principle, the signal window of the 0v2f decay should be very narrow, but ex-
perimentally it is limited by the energy resolution of the detector. The excellent
detector energy resolution can help to narrow down the range of signal on the
total electron energy spectrum, and therefore, reduce the background. As dis-
cussed in Section 22, the tail of 2v2f decay is an irreducible background to the
search for 0v2f decay. A good energy resolution is the only practical way to sup-

press 2v2 3 background.

1.2 Detector Technologies of Various 0v2( Experi-

ments

1.2.1 Semiconductor Experiments

In the semiconductor experiments, the 0v2 decay source material is usually
some form of the semiconductor. When a double beta decay event occurs,
the emitted electrons ionise the semiconductor, leading to a cascade of elec-
tron/hole pairs that drift to electrodes on the face of the detector, generating a
voltage pulse that can be measured. As "°Ge can be readily enriched to above
80% to produce large crystals which have a depletion layer of a few centimetres,

allowing total absorption of gamma rays up to ~ 5 MeV, it is the most popular



1.2. Detector Technologies of Various 0v2 3 Experiments 7

isotope. Germanium detectors of this size are often referred to as high-purity
germanium (HPGe) detectors. The enriched HPGe detectors are the source and
detector at the same time. To minimise the background, the HPGe detectors are

required to be extraordinarily radio-pure.

HPGe detectors operate at cryogenic temperatures to reduce thermal noise. Also,
in this configuration, they can achieve excellent energy resolution of ~ 0.15% at
5Ge Q pp» which is the primary advantage of this type of experiment. However,
these experiments suffer from lots of background events from the radioactive
process occurring in the detector material since they can only measure the en-

ergy spectrum of the electrons.

The modern development of Broad Energy Germanium (BEGe) detectors further
improve performances such as energy resolution and background reduction, and
they are now used in modern 0v2f decay experiments. BEGe detectors also have
signal electrodes of a small size, resulting in a low capacitance, which can im-
prove the determination of energy. The increased field near the electrode can

improve the identification of the event topology to reduce backgrounds.

The modern generation of semiconductor experiments, GERDA and MAJOR-
ANA, are built on the successes of the previous Heidelberg-Moscow (H-M) [5] and
IGEX experiments[6]. Moreover, the GERDA and MAJORANA collaborations re-
cently joined together to build the next generation experiment, LEGEND, which

is aiming to achieve a sensitivity of (mgg) ~ 15 meV[7] [8].

¢ GERDA located at the Laboratori Nazionali del Gran Sasso (LNGS).

It consists of a large mass of germanium crystals isotopically enriched to
~ 86% in "%Ge that act simultaneously as both source and detectors. The
detectors are mounted in low-mass copper holders with ultra-low radio-
activity and immersed directly in a 64 m3 cryostat filled with 70 tonnes of
liquid argon (LAr), which works both as a coolant and as active shielding

from external backgrounds [9]. The cryostat is located inside a 590 m?3
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ultra-pure water tank with 66 PMTs for the detection of Cherenkov light
from cosmic muons. The result of GERDA-II set a competitive half-life limit

of T, > 8.0 x 10% yr [10].

MAJORANA experiment uses similar technology to the previous semicon-
ductor experiments, with the main difference being the shielding. MAJOR-
ANA deploys its HPGe detectors in a custom vacuum cryostat and uses a
compact shield made with lead, oxygen-free copper, electro-formed cop-
per, and scintillator paddles. To achieve the challenge goal of extremely low
backgrounds level at 0.001 cts/(keV-kg-yr), many of the detector compon-
ents were made in underground facilities to ensure they met strict radiop-
urity requirements. In addition, more effective shielding and pulse shape

discrimination are used to reduce backgrounds.

The Majorana Demonstrator [11] used 29.7 kg of 88%-enriched “®Ge and
14.4 kg of natural p-type point-contact detectors at the Sanford Under-
ground Research Facility (SURF). The experiment has placed a half-life

limit at 77}, > 8.0 x 10%° yr, translating to mgg < 200 - 433 meV [12].

COBRA holds five different isotopes: '*Cd, ?8Te, "°Zn, '3°Te, and ''6Cd
in an array of CdZnTe (CZT), which is an intrinsic semiconductor at room

temperature.

The COBRA Demonstrator consists of a 4x4x4 array of 1 cm? (5.9g) detect-
ors. With the 234.7 kg d exposure, it has set limits at 77, > 1.6 x 10*! yr,

T, > 1.9 x 10% yr, T, > 6.8 x 10'8 yr, Y}, > 6.1 x 10°! yr, T7), > 1.1 x 10%!

yr respectively [13].

While the energy resolution of COBRA experiments are not competitive
with the HPGe experiments, it has the main advantage of operating at re-
latively high temperature (~ 20 °C). The experiment will process using a
pixelated array and improved readout, enabling the possibility of particle
tracking and identification, which can significantly reduce the background

level. If the background reduction can be significantly improved, the tech-
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nology will be used on a 415 kg detector, aiming at a sensitivity of 50 — 70

meV [14].

1.2.2 Scintillator Experiments

In the scintillator experiment, the 0v2f candidate isotope is placed inside the
radio-pure scintillating medium surrounded with PMTs. This design allows for
the observation of light emitted by the scintillator when the decay product of
the 0v2 isotope excites the scintillation material. Generally, scintillator experi-

ments are relatively cheap, and they can reach a high degree of radiopurity.

Scintillator experiments can be divided into two major types based on their tech-
nology. The first type is where the 0v2f isotope is dissolved in a large volume of
liquid scintillator. This design allows for the study of large masses of isotopes
such as 135Xe, 139Te, or 1°Nd. In addition, the scintillator detectors can provide
relatively good detection efficiency, good self-shielding, and low background.
However, these experiments suffer from poor energy resolution. The two main
experiments using this technology are the KamLAND-Zen experiment studying

136Xe, and the SNO+ experiment studying 3 Te.

¢ KamLAND-Zen use the existing KamLAND detector which was originally
built to study neutrino oscillations [15]. In the centre of the KamLAND-
Zen detector, there is a transparent nylon inner balloon which is 3.08 m in
diameter containing 13 tonnes of Xenon-loaded liquid scintillator. It is sur-
rounded by 1000 tonnes of liquid scintillator contained in a 13 m diameter
spherical outer balloon, which provides an active shield. Outside the outer
balloon, there is a layer of 1.8 m thickness transparent buffer oil. The scin-
tillation lights are viewed by 1,879 17-inch and 20-inch PMTs mounted on
the inner surface of the 18m-diameter stainless steel spherical tank, which
is surrounded by a 3200-ton water-Cherenkov detector serving as a radi-

ation shield from the surrounding rock.

The first phase of the KamLAND-Zen experiment (Phase I) contained ~
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300 kg of 136Xe and achieved an exposure of 89.5 kg-yr, reaching a half-life
limit of 7Y, > 1.9 x 10?° yr (90% C.L.), corresponding to (mgg) < 160 - 330
meV[16].

After the first phase, the liquid scintillator was purified to remove impur-
ities. In the second phase (Phase II), ~ 340 kg of 13¢Xe was used and a re-
duction of 19Ag by more than a factor of 10 was found. Phase II reached

an exposure of 504 kg-yr, which is equivalent to TIO/"2 > 1.9 x 10?° yr, corres-

ponding to (mgg) < 61 - 165 meV[17].

Furthermore, due to its low background level, KamLAND-Zen can observe
2v2[3 across a wide energy range and provide strong constraints on Ma-

joron emission decay modes|[18].
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Figure 1.2: Energy spectrum showing the results from KamLAND-Zen[17].

Additionally, in a future upgrade, the KamLAND2-Zen experiment will im-
prove the detector energy resolution as well as increase the capacity to load
more isotope. Using 1 ton of 1366 it is expected to reach (mﬁﬁ> ~ 20 meV,

fully covering the IH region[19].

¢ SNO+ follows a similar principle to KamLAND-Zen but studies a different
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isotope: 3%Te. The SNO+ detector is inherited from SNO located in the
Sudbury Neutrino Observatory, which is one of the world’s deepest under-

ground laboratory (~ 6000 m.w.e.).

The detector consists of a 12 m diameter spherical acrylic vessel (AV) which
is shielded by a water bath and surrounded by 9,394 8-inch PMTs mounted

on a stainless steel support structure [20].

130Te will be dissolved in liquid scintillator contained in a 12 m diameter
acrylic sphere. This acrylic sphere is shielded by a water bath and instru-

mented with 9500 PMTs.

For the initial phase, 130Te will be loaded at 0.3% within a scintillation solu-
tion, providing 800 kg of isotope reaching a sensitivity of (mgg) < 50 - 100
meV. In the second phase, it will increase the concentration to 3%, loading
8000 kg of 13°Te in total, with the expected sensitivity reaching the level of
(mgp) <20 - 40 meV [21].

The second type of scintillator experiment is where the isotope is inherently part
of the scintillator. The two most successful experiments of this type are ELEGANT

VI and CANDLES III. Both of them use crystal scintillators containing *®Ca.

e ELEGANT VI studied 23 CaF (Eu) crystal scintillators, which contained 7.6
g of 8Ca in total. These crystals were shielded by an active veto to reduce
the background. With a total exposure of 0.015 kg-yr, the ELEGANT VI ex-
periment produced a half-life limit of Ty, > 5.8 x 10°* yr, equivalent to the
(mpp) <3.5-22meV [22].

e CANDLES III evolved from ELEGANT VI. It studies 305 CaF; crystals, which
contain 300 g of “8Ca in total. The crystals are surrounded by liquid scin-
tillator which acts as the active shielding and removes the need for doping
of the crystals. The experiment is currently taking data and is expected to
achieve a sensitivity of (mgg) < 50 - 100 meV of 0.5 eV. If **Ca enrichment

technology can be improved in the future, the experiment can be scaled up
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by an order of magnitude to study ~ 3 kg of “8Ca, reaching a sensitivity of

50 meV [23].

1.2.3 Bolometer Experiments

Bolometer experiments measure the 0v2f through the temperature rises caused
by energy absorption. When the 0v2 decay occurs, the emitted electrons gener-
ate heat while passing through the material, thus raising the temperature of the
material by a small amount. The temperature increase is the ratio of the energy
deposited over the heat capacity, and when the detector operates at a very low
temperature (order of mK), the heat capacity of the material at very low temper-
atures T is proportional to T3. In the bolometer experiments, the typical temper-
ature variation is of the order of 0.1 mK per MeV of deposited energy. This tem-
perature variation can be measured by semiconductor thermistors to determine
the summed electron energy. Bolometer experiments generally have excellent
energy resolution (0.3-0.5%), and high efficiency on the containment of the 0v2
isotopes, and can use different materials as a number of Ovbb candidates can be
used grow a crystal [24]. However, this type of experiment may suffer from back-
ground because the particle identification can be challenging, and the detector
response time can be long (order of seconds). Also, for the future experiments,
the technical difficulty of maintaining the extremely low temperature can pose a

big challenge on building larger detectors.

e CUORE is built on the success of the CUORICINO experiment [25] us-
ing the same technology. CUORE is composed of a tower array of 988
50505c¢m? enriched and natural TeO crystals working at ~ 7 mK, contain-
ing total mass of 130Te to 204 kg [26]. After a short time running, the first
results show CUORE has already reached a sensitivity of 1.5x 10?° yr (90%
C.L.)[26] corresponding to (mgg) < 110 - 520 meV.

To reduce the background, the bolometric crystal can also be used as a scin-

tillator. By combining the temperature and scintillation light measurements,
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particle identification can be improved, thus allowing for better background re-

jection.

* CUPID project will be built on the experience and skills gained from
the CUORE, with upgraded Particle ID, increase mass of source and re-
duced background. It is aiming to achieve zero-background in the re-
gion of interest to further improve the sensitivity of 0v2( half-life. The
two CUPID demonstrators: CUPID-0 using Zn®?Se and CUPID-Mo using
Li»'°°100Mo0, have started data taking since 2017 and 2019, respectively
[27] [28].

1.2.4 Time Projection Chamber Experiments

The Time Projection Chamber (TPC), which can provide a 3-dimensional recon-
struction of a particle trajectory, is a popular detector technique in experimental
high energy physics. There are several different designs of TPCs, but their prin-
ciple remains the same. A TPC contains a sensitive gaseous or liquid medium
which is embedded in the electric field. When a particle passes through, itionises
the medium and produces free electrons which drift towards a position-sensitive

electron collection device. The induced current is proportional to the ionisation.

In most TPC experiments, the detector medium is also particularly selected as
a scintillator, which can measure energy and provide a prompt signal for time
measurement. The location of the energy deposited gives the 2-dimensional po-
sition. In addition, given the known drift speed of the free electron in a specific
medium, and the measured time of arrival, it is possible to reconstruct the event
in 3 dimensions. Considering the cost of enrichment, xenon is currently the most
suitable medium among all double  candidate isotopes. The most promising
scintillating-TPC experiments are EXO and NEXT, both of which search for 0v2

in 136Xe, utilising the scintillating properties of xenon.

¢ EXO is located in an underground cleanroom in the WIPP. The experiment
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consists of a liquid Time Projection Chamber (TPC) based on Xe. EXO-200
has completed its science run, studied 200 kg of 136xe (enriched to 80.6%).
The TPC uses cylindrical geometry in order to minimise the surface and
thus reduce the background contribution from the copper vessel, and it is
symmetric around a central cathode plane held at a negative high voltage.
Ateach end of the TPC, there are planes of anode wires with an array of ava-
lanche photodiodes for ionisation and scintillation readout [29]. EXO-200
phase I started in 2011 and was interrupted in 2014, with a total exposure
of 100 kg-yr. Phase Il started running in 2016 with an upgraded radon sup-
pression system and low-noise electronics, and it completed data taking in
2018. No 0v2p0 signal has been observed, thus a half-life limit has been set
at T}y, > 1.8x10% yr [30]. The EXO-200 experiment has achieved an energy
resolution of 2.90% (FWHM) at Qgp(2.458MeV for 136Xe) and a background
level of 1.9+ 0.2 x 1073 counts/keV/kg/y. The next generation, nEXO, will
contain 5 tons of xenon enriched to 90% in '3%Xe, aiming for a sensitivity on
the order of 1028 yr. The expected energy resolution reached will be 2.90%

(FWHM) with lower noise silicon photomultipliers (SiPMs) for scintillation

collection [31].

NEXT is a planned high-pressure gas-phase xenon TPC which is located at
the Laboratorio Subterraneo de Canfranc (LSC) in Spain. Operating at high
pressure (10-15 bar), the TPC can track individual particles, thus provid-
ing an effective way of rejecting background through the topological sig-
nature of events. The TPC has an asymmetric geometry, with the array of
PMTs which detect both the primary scintillation light and the secondary
scintillation light to reconstruct energy located at one end referred to as
the energy plane, and the SiPMs used for track reconstruction located at
the other end near the amplification region. The demonstrator NEXT-100
detector will contain 100 kg of xenon enriched to 91% in 13%Xe, aiming to
achieve a background level of 0.4 x 1073 counts/keV/kg/y and an energy

resolution of < 1% (FWHM) at Qgg [32]. The final goal of NEXT-100 is to
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reach a half life sensitivity of T}, > 2.8 x 10* yr after 3 years of running
[32]. If the experiment is successful, the experiment will scale to contain

one tonne of xenon.

1.2.5 Tracker-Calorimeter Experiments

In the tracker-calorimeter experiment, the 0v2f decay source is located at the
centre of the detector surrounded by the tracker, followed by the calorimeter.
The scattering of the emitted electrons can be minimised in the tracker, benefit-
ing from the low-density gases. The design of tracker-calorimeter experiment al-
lows for full reconstruction and measurement of single-particle energy. As such,
the tracker-calorimeter experiments have excellent background rejection abil-
ity, and can shed light on the underlying 0v2 decay mechanism [33]. Tracker-
calorimeter experiments perform excellently in both 2v2f and 0v2f measure-
ments because they can achieve some of the lowest background rates among
0v2p experiments across the entire energy spectrum. It has been shown that
the angular and electron energy difference distributions can be used to discrim-
inate between the two prominent models, the mass mechanism (MM) and the
right-handed current (RHC), as shown in Figure ?2. The separated source and
detector allow for the study of different 0v2 isotopes. However this design suf-
fers from relatively poor energy resolution. The most notable tracker-calorimeter

experiments are the NEMO-3 and SuperNEMO experiments.

e NEMO-3 operated from 2003 to 2011 at the Laboratoire Souterrain de Mod-
ane (LSM). It studied seven different 0v2f candidates, set the leading 0v2
decay half-life limits on four of them, and measured the most accurate
2v2 [ half-lives on all of them. The isotopes were housed in thin foils which
were surrounded by the tracker containing the gas mixture of helium, ar-
gon, and alcohol, and then enclosed by a plastic scintillator calorimeter.
25G magnetic field was applied to enable charge identification. The calor-

imeter provided position, energy, and timing measurements of individual
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particles such as electrons, positrons, y, and «a particles. The strongest limit
of NEMO-3, (mgg) < 0.3 —0.8 eV, is provided by 6.9 kg of 10000 with an ex-
posure of 34.5kg-yr[34].

* SuperNEMO is building upon the successful NEMO-3 design, with im-
provements on radiopurity, calorimeter design, and detection efficiency.
It will contain 20 identical modules housing 100 kg of 82Se in total. The
target sensitivity for SuperNEMO is T}, > 1.0 x 10?® yr, corresponding to
(mgp) < 50 — 100 meV([35]. The first Demonstrator Module is about to
start its physics run at LSM, aiming to reach zero backgrounds in the re-
gion of interest of the 0v28 decay of 82Se. Thanks to the tracker capabilities
and segmented calorimeter, SuperNEMO is currently the only experiment

which can study the underlying mechanism of 0v2f decay. More details of

the SuperNEMO experiment can be found in Chapter ?2.

1.3 Summary of the Current and Next Generation Ex-

periments

A wide range of experimental techniques has been applied to search for the 0v2

decay process. A summary of key experiments can be found in Table 1.2.

The experiments which are currently under construction or have started data-
taking are sensitive to (mgg) ~ 60 meV, approaching the top of the region corres-
ponding to inverted ordering of neutrino masses, and many of the next genera-
tion experiments are planning to study larger masses of 0v2 isotopes to achieve
better sensitivity to (mgg) ~ 10 meV. There is a rich interplay with neutrino oscil-
lation experiments. For example, if the inverted ordering is discovered by oscil-
laiton experiments the currently proposed 0v2f experiments should be able to

observe or refute Ovbb driven by the light Majorana neutrino mass.
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Experiment Isotope Mass (kg) Type Sensitivity mgg /meV
MAJORANA %Ge 40 Semiconductor 100 - 300
GERDA 6Ge 40 Semiconductor 100 - 300
LEGEND 6Ge 1000 Semiconductor 10 - 20
CUORE 130Te 204 Bolometer 100 - 400
CUPID 10000 280 Bolometer 12-20
KamLAND-Zen  !36Xe 380 Liquid Scint. 61 - 165
KamLAND2-Zen !36Xe 800 Liquid Scint. 20 - 60
SNO+ 130T 800 Liquid Scint. 50 - 100
EX0-200 136xe 80 Scint. TPC 190 - 450
nEXO 136 3700 Scint. TPC 7-18
NEXT-100 136xe 90 Scint. TPC 70 - 150
NEXT-HT 136 e 1000 Scint. TPC 13 - 60
NEMO-3 1000 o 7 Tracker-Calo 300 - 800
SuperNEMO 825e 100 Tracker-Calo 50 - 100

Table 1.2: Summary of current and future 0v2f experiments.
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