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Outline
❖ Physics of Neutrinoless double beta decay

❖ Experimental searches and challenges

❖ Different techniques:

❖ Bolometers: CUORE/CUPID, CUPID-CJPL

❖ HPGe: LEGEND, CDEX

❖ Doped LS: KamLAND-ZEN, JUNO-0νββ

❖ TPC: nEXO, NνDEX, PandaX
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Majorana neutrino and NLDBD
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First round of experiments 

•Initial calculation showed half-life of 2νββ of 1021 year, and 0νββ of 1015 year

•Triggered a large number of experiments

•Detect electrons and/or daughter nuclei
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Neutrinoless Double beta decay (NLDBD) 

❖ Majorana or Dirac nature of neutrinos

❖ Lepton number violating process: beyond neutrino physics

❖ Measures effective Majorana mass: relate 0νββ to the neutrino oscillation
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Fig. 1. Human/Astrophysical/Nuclear Time Scales. The nuclear time scale is based on the 128Te(2β−) half-life and the 
lower limit for hypothetical proton decay.

Two-neutrino decay mode is observed in more than a dozen nuclei [2–4], and experimental 
half-lives exceed the age of the Universe [5] by many orders of magnitude. 2β(2ν)-decay is 
the rarest observed nuclear decay in nature. Fig. 1 data show that double-beta decay half-lives 
exceed human and cosmological lifetimes, and only the hypothetical decay of protons into other 
subatomic particles [6] is rarer.

Since 1935, thousands of double-beta decay works were published in the literature. Analysis 
of the Nuclear Science References database [7] shows that ≈ 35% of papers are experimental, 
and the rest are theoretical. Published theoretical calculations provide a very extensive range of 
possible scenarios and observables. Due to the lack of a nuclear theory that comprehensively de-
scribes atomic nuclei from calcium to uranium with good precision, nuclear physicists often use 
different models to calculate the properties of chosen nuclei. To resolve variations in published 
predictions and produce realistic recommendations for the sensitivity estimates of future experi-
ments across the nuclear chart, it is worth to analyze the evaluated half-lives, deduce trends, and 
constrain the theoretical pursuits using a phenomenological approach [8,9].

2. Compilation and evaluation of experimental data

Double-beta decay is an important nuclear physics phenomenon and experimental results in 
this field have been compiled by several groups [3,10,11], and multiple evaluations have been 
produced [2,12,4]. In this work, we will select the NNDC evaluation [2] that was produced using 
the internationally recommended nuclear structure and decay evaluation practices [13–15].

3. Analysis of evaluated half lives

Table 1 shows the NNDC evaluated values which were deduced using the limitation of mini-
mum statistical weight procedures [16]. All final results from distinct experiments were included 
in the evaluation process. It is helpful to analyze the evaluated half-lives using the Grodzins’ 
method [8,9]. In the analysis, we will consider only 2β−-decay 0+ → 0+ ground-state transi-
tions, i.e. transitions without γ -rays. 2β−-decay relatively high Q-values [17] and deformation 
parameters (β2) [18] lead the decay to the level of sensitivity of modern experiments, and it has 
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Extremely rare events
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Table 1
2β− decay Q-values [17], deformation parameters [18], evaluated T1/2(2β) and effective nuclear matrix elements [2].

Nucleus Q2β -value (MeV) β2 T
2ν,eval.
1/2 (y) M

2ν,eval.
eff

48Ca 4.26808 0.1054(50) (4.39±0.58)x1019 0.0383±0.0025
76Ge 2.03906 0.2650(15) (1.43±0.53)x1021 0.120±0.021
82Se 2.9979 0.1939(53) (9.19±0.76)x1019 0.0826±0.0034
96Zr 3.35603 0.0615(33) (2.16±0.26)x1019 0.0824±0.0050
100Mo 3.03436 0.2340(49) (6.98±0.44)x1018 0.208±0.007
116Cd 2.81349 0.194(44) (2.89±0.25)x1019 0.112±0.005
128Te 0.8667 0.1862(37) (3.49±1.99)x1024 0.0326±0.0093
130Te 2.52751 0.1185(20) (7.14±1.04)x1020 0.0303±0.0022
136Xe 2.45791 0.0949(75) (2.34±0.13)x1021 0.0173±0.0005
150Nd 3.37138 0.2825(16) (8.37±0.45)x1018 0.0572±0.0015
238U 1.1446 0.2741(36) (2.00±0.60)x1021 0.185±0.028

been observed in 11 nuclei. The eleven parent nuclei from Z=20 to Z=92 provide a reasonable 
statistical sample for investigating systematic trends. T 2ν

1/2 values are often described as follows 
[19]

(T 2ν
1/2(0

+ → 0+))−1 = G2ν(E,Z) × |M2ν
GT − g2

V

g2
A

M2ν
F |2, (2)

where the function G2ν(E, Z) results from lepton phase space integration and contains all rel-

evant constants, and |M2ν
GT − g2

V

g2
A

M2ν
F | is nuclear matrix element. From the Eq. (2) one may 

conclude that decay half-lives depend on decay energy, nuclear charge, and deformation.
Previously, Primakoff and Rosen [20,21] predicted that for 2β(2ν) decay, the phase space 

available to the (four) emitted leptons is roughly proportional to the 7th through 11th power 
of energy release, and 2β(2ν) transition probability, W(2ν), depends on the maximum kinetic 
energy of the electron in the units of electron mass as

W(2ν) ∼ T 7
0 [1 + T0

2
+ T 2

0

9
+ T 3

0

90
+ T 4

0

1980
], (3)

where T0=Q2β/mc2, Q2β− = M(A, Z) − M(A, Z + 2), and M(A, Z) is the atomic mass of 
the isotope with mass number A and atomic number Z [19,22]. Furthermore, it is known half-
lives depend on dimensionless Coulomb energy parameter ξ ≈ ZA−1/3 [23,24,22], and several 
authors showed the relation between nuclear deformation [25] and the 2ν mode nuclear transition 
matrix element [26–28].

These findings and formula (2) suggest a possibility for the phenomenological description of 
2β-transition half lives as [29]

T 2ν
1/2(0

+ → 0+) ≈ x

ξ2Q
y
2ββz

2
, (4)

where T 2ν
1/2 in years, Q2β in MeV and x, y and z are fitting parameters. The fitting parameters for 

evaluated half-lives [2] are given in Table 2. The least-squares fit data confirm theoretical findings 
that half-lives are inversely proportional to decay Q-value (transition energy) and quadrupole 
deformation parameter values in eight and fifth degrees [21,26], respectively. The observed tran-
sition energy dependence validates the previous result on 128,130Te half-life systematic [2,29], 
and is consistent with the prediction of Primakoff and Rosen [20,21].
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Experimental Searches

❖ Detect the electrons

❖ Energy

❖ Trajectories

❖ Detect the daughter nuclei

❖ Geochemical and radiochemical

❖ Imaging
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Half-life sensitivity from experiments
❖ Small signals: Fewer than 1 event/year for ton-scale 

experiments
❖ Number of signals over fluctuation of background for 

possible observation

❖ Extreme requirements for detector performance and 
background control 
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美国核科学长期规划

❖ 2015
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A NEW ERA OF DISCOVERY | THE 2023 LONG RANGE PLAN FOR NUCLEAR SCIENCE

• How do we use atomic nuclei to uncover physics 
beyond the Standard Model?

These questions are addressed by thousands of nu-
clear scientists working in experimental, theoretical, 
and computational investigations. Anchoring this 
world-leading program are the four national user fa-
cilities, each with unique capabilities for addressing 
our science questions: the Argonne Tandem Linac 
Accelerator System (ATLAS), CEBAF, FRIB, and the 
Relativistic Heavy Ion Collider (RHIC). A consor-
tium of 13 university-based accelerator laboratories, 
known collectively as the Association for Research 
at University Nuclear Accelerators (ARUNA) labora-
tories, provide additional capability for cutting-edge 
experiments while training the next-generation scien-
tists in the tools and techniques of nuclear science. 
Our work is done in small and large collaborations 
across the country, connecting theoretical and ex-
perimental researchers at universities and national 
laboratories in a dynamic and exciting enterprise 
that leads to scientific discovery. Our progress on 
these and other intriguing questions since the last 
Long Range Plan—and the many opportunities for 
the future—are covered in this plan. We describe 
some of the many technological and computational 
innovations that drive our field and lead to consider-
able benefits to society. Central to this work are the 
people: we highlight the process of training nuclear 
scientists and how they go on to contribute to our 
nation in many areas.

Our vision for the future builds on the ongoing, 
world-leading US program in nuclear science, 
which includes

• Unfolding the quark and gluon structure of visible 
matter and probing the Standard Model at the 12 
GeV CEBAF facility.

• Exploring the nature of quark–gluon matter and 
the spin structure of the nucleon at the RHIC 
facility and through leadership across the heavy 
ion program at the Large Hadron Collider (LHC).

• Making breakthroughs in our understanding 
of nuclei and their role in the cosmos through 
research at the nation’s low-energy user facilities, 
ATLAS, the newly constructed FRIB, the ARUNA 
laboratories, and key national laboratory 
facilities.

• Carrying out a targeted program of experiments, 
distributed across the United States, that 
reaches for physics beyond the Standard Model 
through rare process searches and precision 
measurements.

advance accelerator technology as the first major 
new advanced collider to be constructed since the 
LHC.  Neutrinoless double beta decay experiments 
have the potential to dramatically change our under-
standing of the physical laws governing the universe.

RECOMMENDATION 2 
As the highest priority for new experiment con-
struction, we recommend that the United States 
lead an international consortium that will under-
take a neutrinoless double beta decay campaign, 
featuring the expeditious construction of ton-scale 
experiments, using different isotopes and comple-
mentary techniques.

One of the most compelling mysteries in all of sci-
ence is how matter came to dominate over antimat-
ter in the universe. Neutrinoless double beta decay, a 
process that spontaneously creates matter, may hold 
the key to solving this puzzle. Observation of this rare 
nuclear process would unambiguously demonstrate 
that neutrinos are their own antiparticles and would 
reveal the origin and scale of neutrino mass. The nu-
cleus provides the only laboratory through which this 
fundamental physics can be addressed.

The importance of the physics being addressed 
by neutrinoless double beta decay has resulted in 
worldwide excitement and has catalyzed the inter-
national cooperation essential to carrying out a suc-
cessful campaign. An extraordinary discovery of this 
magnitude requires multiple experiments using dif-
ferent techniques for a select set of isotopes. Such 
measurements demand unprecedented sensitivity 
and present unique challenges. Since the 2015 Long 
Range Plan, the US-led CUPID, LEGEND, and nEXO 
international collaborations have made remarkable 
progress with three distinct technologies. An inde-
pendent portfolio review committee has deemed 
these experiments ready to proceed now.

Neutrinoless double beta decay is sensitive to new 
physics spanning very different scales and physical 
mechanisms. The identification of the underlying 
physics will pose a grand challenge and opportuni-
ty for theoretical research. An enhanced theoretical 
effort is an integral component of the campaign and 
is essential for understanding the underlying physics 
of any signal. 

RECOMMENDATION 3
We recommend the expeditious completion of the 
EIC as the highest priority for facility construction.

Protons and neutrons are composed of nearly mass-
less quarks and massless gluons, yet as the build-

• Explaining how data gathered in these endeavors 
are connected and consistent through theory 
and computation. Nuclear theory motivates, 
interprets, and contextualizes experiments, 
opening up fresh research vistas.

Here are the recommendations of the 2023 Long 
Range Plan.

RECOMMENDATION 1 
The highest priority of the nuclear science com-
munity is to capitalize on the extraordinary oppor-
tunities for scientific discovery made possible by 
the substantial and sustained investments of the 
United States. We must draw on the talents of all in 
the nation to achieve this goal.

This recommendation requires

• Increasing the research budget that advances 
the science program through support of 
theoretical and experimental research across the 
country, thereby expanding discovery potential, 
technological innovation, and workforce 
development to the benefit of society. 

• Continuing effective operation of the national 
user facilities ATLAS, CEBAF, and FRIB, and 
completing the RHIC science program, pushing 
the frontiers of human knowledge. 

• Raising the compensation of graduate 
researchers to levels commensurate with 
their cost of living—without contraction of the 
workforce—lowering barriers and expanding 
opportunities in STEM for all, and so boosting 
national competitiveness.

• Expanding policy and resources to ensure a 
safe and respectful environment for everyone, 
realizing the full potential of the US nuclear 
workforce. 

Nuclear science is an ecosystem in which facility 
operations and research at laboratories and universi-
ties by senior investigators, technical staff, postdocs, 
and students work together to drive progress on the 
forefront science questions discussed above and 
throughout this Long Range Plan. A healthy work-
force is central not only to these scientific goals but 
also to the nation’s security, technological innova-
tion, and prosperity. 

Next, we reaffirm the exceptionally high priority of 
the following two investments in new capabilities 
for nuclear physics. The Electron–Ion Collider (EIC), 
to be built in the United States, will elucidate the ori-
gin of visible matter in the universe and significantly 

ing blocks of atomic nuclei they make up essentially 
all the visible mass in the universe. Their mass and 
other properties emerge from the strong interactions 
of their relativistic constituents in ways that remain 
deeply mysterious. The EIC, to be built in the United 
States, is a powerful discovery machine, a precision 
microscope capable of taking three-dimensional pic-
tures of nuclear matter at femtometer scales. These 
images will uncover how the characteristic proper-
ties of the proton, such as mass and spin, arise from 
the interactions between quarks and gluons, and how 
new phenomena and properties emerge in extremely 
dense gluonic, nuclear environments. 

The EIC will be a unique, large-scale, high-luminosity 
electron–hadron collider and the only collider to be 
built in the world in the next decade. It will be capable 
of colliding high-energy beams of polarized electrons 
with heavy ions, polarized protons, and polarized 
light ions. The EIC will be constructed on the current 
site of RHIC, led by a partnership between Brookhav-
en National Laboratory (BNL) and Jefferson Lab. The 
EIC was put forward as the highest priority for new 
facility construction in the 2015 Long Range Plan. 
Since then, the EIC was launched as a DOE project 
in 2019, and the conceptual design was approved in 
2021. Its expeditious completion remains the high-
est priority for facility construction for the nuclear 
physics community. 

The EIC facility design takes advantage of signif-
icant advances in accelerator and detector tech-
nologies, substantial investments in RHIC, and the 
unique expertise at BNL and Jefferson Lab, fulfilling 
the requirements of the 2018 National Academy of 
Sciences (NAS) report. The EIC’s compelling, unique 
scientific opportunities and cutting-edge technolo-
gies are attracting physicists worldwide, and interna-
tional engagement and contribution are important to 
the collider’s realization and the success of the EIC 
science. Together with ePIC, the general-purpose, 
large-acceptance EIC detector, the EIC will maintain 
US leadership at the frontiers of nuclear physics and 
accelerator science technology. Many applications 
in industry, medicine, and security use particle accel-
erator and detector technologies: leading-edge ac-
celerator and detector technology developments at 
EIC will have broad impact on these sectors.

To achieve the scientific goals of the EIC, a parallel 
investment in quantum chromodynamics (QCD) the-
ory is essential, as recognized in the 2018 NAS re-
port. Progress in theory and computing has already 
helped to drive and refine the physics program of the 
EIC. To maximize the scientific impact of the facility 
and to prepare for the precision expected at the EIC, 
theory must advance on multiple fronts, and new col-
laborative efforts are required.
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1. Summary and Recommendations

in some cases, we are only now poised to reap the 

benefits of these initiatives. In other cases, anticipated 

upgrades were achieved at a small fraction of the cost 

estimated in 2007, and we are harvesting the benefits 

earlier than expected. All of our current four national 

user facilities, the Continuous Electron Beam Accelerator 

Facility (CEBAF), the Relativistic Heavy Ion Collider 

(RHIC), the Argonne Tandem Linac Accelerator System 

(ATLAS), and the NSF-supported National Supercon-

ducting Cyclotron Laboratory (NSCL), were significantly 

upgraded in capability during this period. A fifth national 

user facility, the DOE-supported Holifield Radioactive Ion 

Beam Facility, was closed down. Care was always taken 

to leverage U.S. investments in an international context 

while maintaining a world-leadership position.

Here are the recommendations of the 2015 Long Range 

Plan.

RECOMMENDATION I

The progress achieved under the guidance of the 2007 
Long Range Plan has reinforced U.S. world leadership 
in nuclear science. The highest priority in this 2015 Plan 
is to capitalize on the investments made.

 ! With the imminent completion of the CEBAF 12-GeV 

Upgrade, its forefront program of using electrons to 

unfold the quark and gluon structure of hadrons and 

nuclei and to probe the Standard Model must be 

realized.
 ! Expeditiously completing the Facility for Rare 

Isotope Beams (FRIB) construction is essential. 

Initiating its scientific program will revolutionize our 

understanding of nuclei and their role in the cosmos.
 ! The targeted program of fundamental symmetries 

and neutrino research that opens new doors to 

physics beyond the Standard Model must be 

sustained.
 ! The upgraded RHIC facility provides unique 

capabilities that must be utilized to explore the 

properties and phases of quark and gluon matter in 

the high temperatures of the early universe and to 

explore the spin structure of the proton.

Realizing world-leading nuclear science also requires 

robust support of experimental and theoretical research 

at universities and national laboratories and operating 

our two low-energy national user facilities—ATLAS and 

NSCL—each with their unique capabilities and scientific 

instrumentation.

The ordering of these four bullets follows the priority 

ordering of the 2007 plan.

RECOMMENDATION II

The excess of matter over antimatter in the universe is 

one of the most compelling mysteries in all of science. 

The observation of neutrinoless double beta decay 

in nuclei would immediately demonstrate that neutrinos 

are their own antiparticles and would have profound 

implications for our understanding of the matter-

antimatter mystery.

We recommend the timely development and 
deployment of a U.S.-led ton-scale neutrinoless 
double beta decay experiment.

A ton-scale instrument designed to search for this as-yet 

unseen nuclear decay will provide the most powerful 

test of the particle-antiparticle nature of neutrinos ever 

performed. With recent experimental breakthroughs 

pioneered by U.S. physicists and the availability of deep 

underground laboratories, we are poised to make a 

major discovery.

This recommendation flows out of the targeted 

investments of the third bullet in Recommendation I. It 

must be part of a broader program that includes U.S. 

participation in complementary experimental efforts 

leveraging international investments together with 

enhanced theoretical efforts to enable full realization of 

this opportunity.

RECOMMENDATION III

Gluons, the carriers of the strong force, bind the quarks 

together inside nucleons and nuclei and generate nearly 

all of the visible mass in the universe. Despite their 

importance, fundamental questions remain about the 

role of gluons in nucleons and nuclei. These questions 

can only be answered with a powerful new electron ion 

collider (EIC), providing unprecedented precision and 

versatility. The realization of this instrument is enabled 

by recent advances in accelerator technology.

We recommend a high-energy high-luminosity polarized 
EIC as the highest priority for new facility construction 
following the completion of FRIB.

The EIC will, for the first time, precisely image gluons in 

nucleons and nuclei. It will definitively reveal the origin 

of the nucleon spin and will explore a new quantum 

chromodynamics (QCD) frontier of ultra-dense gluon 
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Joint NA-EU effort
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Sensitivity comparison
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been developed to study the manifestations of a 
broad variety of lepton-number violation mechanisms 
in nuclei. First-principles nuclear structure calcula-
tions have progressed and have been successfully 
tested in single beta decay, solving a long-standing 
puzzle related to the over-prediction of Gamow–Tell-
er transitions. All these developments have paved the 
way toward theoretical predictions of neutrinoless 
double beta decay rates with quantified uncertainties.

The stage is now set for the presently recommended 
ton-scale neutrinoless double beta decay experiments. 
The community has rallied around three candidates.

6.3.1. Discovery opportunities at the ton scale 
To maximize the discovery potential for neutrinoless 
double beta decay at the ton-scale, the proposed 
US program consists of three experiments, fielding 
very different detection technologies and using three 
different isotopes: the CUORE Upgrade with Particle 
Identification (CUPID; molybdenum-100), the Large 
Enriched Germanium Experiment for Neutrinoless 
Double Beta Decay–1,000 kg (LEGEND-1000; germa-
nium-76), and the next-generation Enriched Xenon 
Observatory (nEXO; xenon-136). These three exper-
iments have undergone a rigorous DOE portfolio re-
view, are ready to start construction, and are actively 
preparing for the Critical Decision (CD) process. All 
three experiments probe neutrino masses all the way 
to the lower limit allowed by the so-called inverted 
ordering of neutrino masses, as shown in Figure 6.5. 
The following subsections detail these experiments.

6.3.1.1. LEGEND-1000
The LEGEND experiment takes advantage of the in-
trinsically excellent energy resolution of high-purity 
germanium detectors. In LEGEND’s design, detec-
tors are enriched to 90% in the neutrinoless double 
beta decay candidate isotope germanium-76. The 
Majorana Demonstrator proved the excellent energy 

second phase (LEGEND-1000) to 1028 years. Those 
numbers represent the 90% confidence level half-life 
limit that would be set if no signal appears, or the 
half-life that would result in a 50% chance for a sig-
nificant signal at three standard deviations of signif-
icance. LEGEND-200 is already operating 200 kg of 
germanium detectors in an upgrade of existing GER-
DA experiment infrastructure at the LNGS laboratory 
in Italy. LEGEND-200 is collecting physics data at the 
time of this writing.

6.3.1.2. nEXO
The nEXO apparatus is a time-projection chamber 
(TPC) with 5 tons of liquid xenon (LXe) enriched to 
90% in the neutrinoless double beta decay candidate 
xenon-136. The choice of LXe is motivated by the abil-
ity of large homogeneous detectors to identify and 
measure background and signal simultaneously. The 
nEXO experiment builds on the success of EXO-200, 
the 200 kg demonstrator experiment that produced 
landmark results. The approach takes maximum 
advantage of the large linear dimensions compared 
with the mean free path of background gamma radi-
ation. The nEXO TPC consists of a single cylindrical 
volume of LXe that is instrumented to measure both 

resolution and background rejection capabilities of 
large inverted coaxial point-contact (ICPC) high-pu-
rity germanium detector geometries. Approximately 
330 ICPC detectors weighing 3 kg each comprise the 
1,000 kg of LEGEND-1000. They are housed in strings 
of about six detectors each, and each string is im-
mersed in liquid argon that is extracted from deep un-
derground and therefore depleted in the cosmogenic 
isotope argon-42 that would otherwise be a back-
ground source. All materials near the detector are se-
lected with stringent radiopurity requirements. Cop-
per parts are electroformed by a process designed 
specifically to exclude radioactive contaminants. The 

underground argon is separated from a larger quanti-
ty of ordinary (atmospheric-sourced) liquid argon by 
more electroformed copper, and the entire volume is 
surrounded by water to provide additional suppres-
sion of backgrounds coming from the outside.

Large ICPC detectors can discriminate signal from 
background by analyzing event pulse shapes; 
charged particles like alphas interact near the sur-
face, resulting in slowly rising pulses, whereas more 
penetrating gammas in the bulk of the detector are 
likely to interact in multiple locations, distorting the 
measured signals and distinguishing them from neu-
trinoless double beta decay events, which deposit 
all energy in a single location in the bulk. Because 
neutrinoless double beta decay events are inherent-
ly single-site events, further background reduction is 
possible by rejecting events in which more than one 
detector, or the surrounding liquid argon, registers 
energy. Penetrating cosmic rays can be rejected be-
cause of the light they emit while traversing the liquid 
argon baths, both of which are instrumented as ac-
tive veto detectors.

LEGEND aims to increase the half-life sensitivity for 
neutrinoless double beta decay of germanium-76 in 
a first phase (LEGEND-200) to 1027 years, and in a 

6 | FUNDAMENTAL SYMMETRIES, NEUTRONS, AND NEUTRINOS 

ionization (charge) and scintillation (light) signals in 
the LXe with excellent energy resolution and strong 
background rejection. Energy reconstruction, event 
topology (single vs. multisite interactions), position 
reconstruction, and scintillation/ionization ratio are 
combined using traditional and deep-learning tools 
to effectively discriminate between signal and back-
grounds. Information on particle interactions provid-
ed by the TPC and surrounding instrumented shielding 
give several additional means to reject backgrounds 
and improve confidence in a potential discovery. 

Background projections for nEXO are grounded in ex-
isting radioassay data for most component materials 
and detailed particle tracking and event reconstruc-
tion simulations. This approach was validated by 
EXO-200, where the measured backgrounds closely 
matched the predictions. Based on these detailed 
evaluations, nEXO is projected to reach a half-life 
sensitivity of 1.35 × 1028 years (90% confidence lev-
el), covering the entire inverted ordering parameter 
space, along with a significant portion of the normal 
ordering parameter space. The liquid target enables 
continuous purification, thus reducing risk of unex-
pected internal backgrounds, and has several other 
unique advantages if a discovery occurs. For exam-

Experiment Isotope Half-life limit (1026 
years) mββ limit (meV)

MAJORANA Germanium-76 0.83 113–269

GERDA Germanium-76 1.8 79–180

EXO-200 Xenon-136 0.35 93–286

KamLAND-Zen Xenon-136 2.3 36–156

CUORE Tellurium-130 0.22 90–305

Table 6.1. Technology demonstrators

Figure 6.5. The ton-scale neutrinoless 
double beta decay experiments 
described in the text: LEGEND-1000, 
nEXO and CUPID. The plot shows the 
results of past experiments (solid), the 
projected reach of currently running 
experiments (hatched), and future 
ton-scale experiments (open). The 
recommended ton-scale experiments 
probe the inverted ordering (gray 
band). Concepts for experiments 
beyond the ton scale to probe even 
further are discussed in the text.. 
(Note: This is a placeholder figure for 
a graphic currently in development. 
The final printed plan is intended to 
contain a different image.) [26].

Sensitive exposure [mol yr]

Completed Taking data Future

m
ββ

 9
9.

73
%

 d
isc

ov
er

y 
se

ns
iti

vi
ty

 [m
eV

]

103

101

102

103

104 105

10 minimum: 18.4 + 1.3 meV

MJD

GERDA-II

EXO-200

CUORE

KLZ-800

LEGEND-200

LEGEND-1000

nEXO

CUPID



韩柯（交⼤）：⽆双实验

CJPL: Deepest underground lab

CJPL-I

CDEX
PandaX

2430m

8750m

❖ Deepest (6800 m.w.e): < 0.2 muons/m2/day

❖ Horizontal access with ~9 km long tunnel: 
large truck can drive in.

❖ Dark matter searches, neutrino physics, 
and astroparticle physics, etc. 

16
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CJPL-II: much enlarged 
underground lab space

From: The China Jinping Underground Laboratory and Its 
Early Science; Ann.Rev.Nucl.Part.Sci. 67 (2017) 231-251

17
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锦屏：埋深与便利性的结合

• 2400m岩⽯埋深：muon 
通量仅为 LNGS 的1/100

• ⽔平隧道开车进出：与
SNOLab 相⽐感觉“更安
全”，仪器设备尺⼨受限
⼩

18
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Figure 2
The measured residual muon fluxes in key underground facilities, which are consistent with predicted values
( gray line). The sizes of the circles correspond to laboratory space by volume; red or blue denotes access by
road tunnels or shafts, respectively.

The facility is the deepest operating underground laboratory in the world. The measured fluxes
of residual cosmic-ray muons (12) at CJPL-I, and a comparison with various active underground
laboratories, are displayed in Figure 2. We note for completeness that early cosmic-ray mea-
surements were performed at the Kolar Gold Fields in India, at locations with 2,760 m of rock
overburden (13).

International access to CJPL is by regular flights from various hub cities in China to Xichang
Domestic Airport. The laboratory is located 90 km from the airport and is reachable by both
highways and paved two-lane private roads shared with Yalong River Hydropower Development
Company; the driving time is approximately 2 hours. A guest house, dormitory accommodation,
canteens, and office space are available near the west entrance of the tunnel.

The bedrock surrounding CJPL is made of marble, with relatively low radioactivity from the
contamination of 232Th and 238U isotopes (measurements of these isotopes and other background
characterizations are discussed in Section 5). The laboratory space is shielded from the bare rock
by a 0.5-m-thick layer of concrete. Ventilation is provided by a 10-km-long, 55-cm-diameter
pipeline that brings in fresh air from the west entrance of the tunnel at an air-exchange rate of
4,500 m3 h−1, allowing the radon level to be kept below 20 Bq m−3.

The laboratory is connected by internet cables at a bandwidth of 10 GHz. The storage capacity
of the computer servers, located in an exterior office, is up to 300 TB, with a transfer capacity of
10 GHz from the experiments. The laboratory is equipped with surveillance CCD cameras and
audiovisual alarm systems, and ambient conditions including temperature, pressure, humidity,
and air composition are continually recorded. All recording devices are accessible from and can
be monitored at remote sites.
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韩柯（交⼤）：⽆双实验

Muon-induced 环境本底

• 抑制Muon-induced 本底：更深的实验室或者更强⼒的主动屏蔽体（⼤型探测
器）

19
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Muon-induced 探测器本底 

• Muon激活探测器材料带来
不可避免的本底

• DARWIN@LNGS：137Xe 
beta能谱为136Xe 0νββ ROI
主要本底

•相应本底在锦屏低100倍，
优势明显

20

8

Background source Background index Rate Rel. uncertainty
[events/(t·yr·keV )] [events/yr]

External sources (5 t FV):
214Bi peaks + continuum 1.36⇥ 10�3 0.313 ±3.6%
208Tl continuum 6.20⇥ 10�4 0.143 ±4.9%
44Sc continuum 4.64⇥ 10�6 0.001 ±15.8%

Intrinsic contributions:
8B (⌫ � e scattering) 2.36⇥ 10�4 0.054 +13.9%,�32.2%
137Xe (µ-induced n-capture) 1.42⇥ 10�3 0.327 ±12.0%
136Xe 2⌫�� 5.78⇥ 10�6 0.001 +17.0%,�15.2%
222Rn in LXe (0.1µBq/kg) 3.09⇥ 10�4 0.071 ±1.6%

Total: 3.96⇥ 10�3 0.910 +4.7%,�5.0%

Table 3: Expected background index averaged in the 0⌫��-ROI of [2435 - 2481] keV,
corresponding event rate in the 5 t FV and relative uncertainty by origin.

Fig. 6: Predicted background spectrum around the
0⌫��-ROI for the 5 t fiducial volume. A hypothetical
signal of 0.5 counts per year corresponding to T 0⌫

1/2 ⇡

2⇥ 1027 yr is shown for comparison. Bands indicate
±1� uncertainties.

6 Sensitivity Calculation

We use the background rates predicted in Sect. 5.3 to
derive a limit on the half-life sensitivity at 90% confi-
dence level (C.L.) as well as the 3� discovery potential
for the 0⌫��-decay. The latter is defined as the mini-
mal value of T 0⌫

1/2 required to exclude the null hypothesis
with a median significance of 99.7% C.L.

6.1 Half-life sensitivity estimation

Based on the figure-of-merit estimator proposed in [31]
we calculate the half-life sensitivity at 90% C.L. as:

T 0⌫
1/2 = ln 2

✏ fROI ↵NA

1.64MXe

p
Mt

p
B�E

, (3)

with ✏ = 0.9 being the detection e�ciency of a single
site 0⌫��-decay event, fROI = 0.76 the fraction of signal
covered by the ROI, ↵ = 0.089 the abundance of 136Xe
in natural xenon, NA the Avogadro number in mol�1,
MXe the molar mass number of xenon in t/mol, M the
fiducial mass in tons, t the exposure time in years, B
the background index in t�1yr�1keV�1, and �E the
width of the ROI in keV. The value 1.64 is the number
of standard deviations corresponding to a 90% C.L.

Following Eq. (3) and using the background index
for the 5 t fiducial mass (Table 3), we obtain a half-life
sensitivity of 2.0⇥ 1027 yr (1.3⇥ 1027 yr) after 10 (4)
years of exposure.

This figure-of-merit estimation is an established tool
to directly compare 0⌫�� sensitivities of di↵erent ex-
periments using common statistical methods and as-
sumptions. It also allows for a straightforward assess-
ment of the sensitivity as a function of di↵erent param-
eters, such as the fiducial mass. It does not, however,
consider background uncertainties, but assumes perfect
knowledge of the background rates.

6.2 Frequentist profile-likelihood analysis

To account for and e↵ectively constrain the background
uncertainties, we apply a profile-likelihood analysis
based on the background model discussed in Sect. 5.2.
The inserted signal is a Gaussian peak with Q�� and
�E(Q��) according to Eq. (2), which is scaled by the
136Xe atoms in the target volume, an activity corre-
sponding to T 0⌫

1/2 and the detection e�ciency, as shown
in Fig. 6.

Background uncertainties from the model are
treated as nuisance parameters with Gaussian con-
straining terms in the likelihood. For external back-
ground contributions, their variances are obtained ei-
ther by the model fit on the spectrum corresponding
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Phonon

PhotonElectron

CUORE

Gerda
Majorana
LEGEND

CDEX
NνDEX

PandaX
EXO-200

nEXO
NEXT

SuperNEMO

KamLAND-Zen
SNO+

CANDLES
JUNO-0νββ

AMoRE
CUPID

CUPID-CJPL
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Phonon

PhotonElectron

LEGEND nEXO KamLAND-Zen

CUPID

International players 
for the next  
20+ years

4亿美元

4.4亿美元

6千万美元



Bolometer 
低温量能器

CUORE

CUPID

CUPID-CJPL
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CUORE bolometer array

❖ Search for 0νββ of 130Te and other rare events

❖ 988 TeO2 crystals run as a bolometer array

❖ 19 Towers

❖ 13 floors 

❖ 4 modules per floor

❖ 10 mK in a custom dilution refrigerator

25
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CUORE bolometer array

❖ Search for 0νββ of 130Te and other rare events

❖ 988 TeO2 crystals run as a bolometer array

❖ 19 Towers

❖ 13 floors 

❖ 4 modules per floor

❖ 10 mK in a custom dilution refrigerator

❖ Gran Sasso underground lab (LNGS), Italy

26
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56 | Nature | Vol 604 | 7 April 2022

Article

the pulse time window, pulses with a non-physical shape, and exces-
sively noisy pulses that survived the previous selections (Extended 
Data Fig. 3). The selection efficiencies are summarized in Table 1, with 
details provided in Methods.

The detector response to a monoenergetic energy deposition is an 
important input to the 0νββ decay search. We empirically model the 
response function of each calorimeter as a sum of three equal-width 
Gaussians and determine the function parameters from a fit to the 
2,615-keV calibration line3. As a characteristic indicator of the overall 
energy resolution of the calorimeters we quote the exposure-weighted 
harmonic mean FWHM of the detectors at this calibration line, 
7.78 ± 0.03 keV. All values are reported as mean ± s.d.

We quantify the scaling of energy resolution with energy and investi-
gate energy reconstruction bias—that is, the deviation of reconstructed 
γ-line positions from the literature values—by fitting the calorimeter 
response functions to prominent γ lines in the physics data, allowing the 
peak means and widths to vary in the fit. The bias is allowed to scale as a 
quadratic function of energy, as done in our previous result32, whereas 
the resolution scaling has been changed to a linear function of energy, 
following studies showing that it was overparameterized by a quadratic 
scaling. The results, extrapolated to Qββ, are an exposure-weighted 
harmonic mean FWHM energy resolution of 7.8 ± 0.5 keV and an energy 
bias of less than 0.7 keV. We summarize all the relevant analysis quanti-
ties in Table 1.
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Fig. 3 | Pulse tube phase optimization. a, Frequency spectrum of the noise for 
a random combination of the pulse tube phases (orange) and after the active 
phase tuning (teal). For reference, the frequency spectrum of physical signals is 

also reported. b, Integral of the power spectrum at the pulse tube frequency 
(1.4 Hz) and its harmonics before and after active noise cancellation.
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shape discrimination (PSD). The most prominent background peaks in the 

spectrum are highlighted. Inset, the region of interest after all selection cuts, 
with the best-fit curve (solid red), the best-fit curve with the 0νββ rate fixed to 
the 90% CI limit (blue), and background-only fit (black) superimposed.
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CUORE 1 ton-year data
1. Stable data taking since 2017

2. Excellent energy resolution

Nature 604, 53, 2022
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CUPID: Li2MoO4 (LMO) scintillating bolometer
28

Eur. Phys. J. C (2022) 82:810 
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CUPID-CJPL

❖ Li2MoO4 scintillating 
bolometer arrays

❖ Particle ID to reject alpha 
background

❖ High Q-value (3.0 MeV) for 
low gamma background

❖ Build the first demonstrator 
array in the next 3-5 years

29
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Current status
❖ Large high-quality LMO  crystals can 

be produced 

❖ Starting to produce crystals with 
enriched materials

❖ Bkg control: U/Th<10 𝜇Bq/kg

❖ Fabricating NTD-Ge thermistor and 
readout electronics

❖ R&D detector assembly and tests 
ongoing

30

45mm cubic



韩柯（交⼤）：⽆双实验

Current status
❖ Large high-quality LMO  crystals can 

be produced 

❖ Starting to produce crystals with 
enriched materials

❖ Bkg control: U/Th<10 𝜇Bq/kg

❖ Fabricating NTD-Ge thermistor and 
readout electronics

❖ R&D detector assembly and tests 
ongoing
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First Spectrum
32



HPGe 
⾼纯锗

LEGEND

CDEX
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LEGEND: HPGe for 76Ge 0νββ
Gerda

Majorana
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Majorana
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LEGEND-200: Now in Commissioning

• Targeting 1 ton-years exposure

• Planned 200 kg mass loading in upgrade of existing 
GERDA infrastructure at Gran Sasso

• Targeting 2.5 keV FWHM resolution

• Background goal:
–  Smaller than 0.6 cts/(FWHM t yr)           
–  Smaller than 2x10-4 cts/(keV kg yr)
– Quasi-background free operation for unambiguous 

discovery up to 1027 yrs

• Official data taking start in 2022!

14

LEGEND-200: Commissioning now at LNGS

❖ 200 kg of HPGe in the upgraded 
Gerda infrastructure at LNGS

❖ LAr active veto

❖ inside water tank

❖ Targeting 2.5 keV FWHM resolution 

❖ Background goal: <0.6 cts/(FWHM t 
yr)

❖ Discovery sensitivity up to 1027 yrs 
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LEGEND, the Multimodal Detector

Liquid Ar

Pure water

Optical 
fibers

𝜷𝜷

PEN

𝜷𝜷

𝜈𝜈

 decay signal: 
single energy  
deposition in  
a 1 mm3 volume

𝛽𝛽

13

Muon veto based on 
Cherenkov light and  
plastic scintillator

LAr veto based on Ar  
scintillation light read  
by fibers and PMT

Scintillating PEN plate 
γ in high-shadowing region

Muon veto based on 
Cherenkov light and  
plastic scintillator

LAr veto based on Ar  
scintillation light read  
by fibers and PMTs

Ge detector  
anti-coincidence

Pulse shape  
discrimination (PSD) 
for multi-site and  
surface  events𝛼
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LEGEND-1000
• Two experimental sites are under consideration: 

• SNOLAB:  Deeper underground site but difficult 
to access 

• LNGS: Easy access but additional neutron 
shielding needed

4 arrays 

1000 kg 
total 
mass

100 
ICPCs 
per 
array

ASIC 
Readout

• New cables and ASIC read-out electronics for lower 
backgrounds 

• 2.6kg average detector mass reduces backgrounds 
• 1000kg total mass loading by 4 ICPC detector arrays 
• Underground sourced Ar to reduce surface β 

backgrounds

LEGEND-1000
LEGEND-1000 aims for unambiguous discovery of 0νββ with 1028 years of sensitivity

Targeting 10 ton-years exposure: 1000 kg mass, 10 year run plan 

37
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CDEX dark matter and DBD experiment
Established in 2009; over 100 collaborators from 11 institutions

❖ CDEX-300ν: 225 kg enriched HPGe, 200 units, 1.12 kg each 

❖ BEGe + ASIC + Silicon Substrate  

❖ 20T LAr active veto shielding 

❖ 1725m3 LN2 passive shielding 

38

10

CDEX合作组

 2009年建立，11个大学和研究所，超过100位合作组成员；

科学目标：利用高纯锗开展暗物质和中微子实验研究；

过去十多年，已经取得了一系列国际前沿水平的研究成果；

CDEX-300

2021-2027

CDEX-1TCDEX-1 CDEX-10

2009-2016 2016-2020

CDEX-10T

2028-2034 2035-2050

CDEX-300
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CDEX-300ν Location
• C1 Hall @CJPL-II

• Total Volume: 300,000 m3; 
• 8 main halls (14x14x60m each);
• Additional pit for next-generation CDEX;

24

CDEX-300ν status

❖ 200kg 76Ge (>86%) arrived, half 
from Russia and half from China: 
an important: an contribution to 
international Ge 0νββ 
experiment community

❖ Physics goal : T1/2>1027 yr;  mββ: 
28.5-68.0 meV

❖ First batch of Enriched Ge 
detectors deployed in 2024

39
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CDEX-1T and CDEX-10T
Conceptual Layout

65m(L)

2640



Doped LS 
掺杂液体闪烁体

KamLAND-Zen

JUNO-0νββ
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KamLAND-ZEN: Xe-loaded LS 
❖ KamLAND: 1 kiloton of ultra-

low radioactivity liquid 
scintillator (LS)

❖ 3% wt xenon soluble in Liquid 
Scintillator (XeLS)

42

XeLS

KamLS

The KamLAND-Zen 
inner balloon
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KamLAND-ZEN upgrade path
43
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KamLAND-ZEN 800 results
44

 ⟨mββ⟩ < 36 − 156 meV

T0νββ
1/2 > 2.3 × 1026yr This Xe  search 

represents the worlds 
most stringent limit on 
the effective Majorana 
mass.

0νββ

(Ge) GERDA: Phys.Lett. 125 252502
(Te) CUORE: Nature 604, 53 (2022) 

Result dependent 
on individual NMEs 
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Te-LS or 
Xe-LS 

JUNO-0νββ

❖ Aims to start right after current 
mass hierarchy programs

❖ Half life sensitivity at 1028 year

❖ Energy resolution < 3% @ 1 MeV 
→ 2.4x better than KamLAND-
Zen 

❖ Xe or Te loading: 100 ton of Te of 
20 kton LS possible
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韩柯（交⼤）：⽆双实验

JUNO-0νββ physics potential
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韩柯（交⼤）：⽆双实验

nEXO: 0⌫�� search beyond 10
28

year half-life sensitivity 6
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Figure 1. Visualization of the Geant4 geometry implementation for MC simulations of the nEXO detector. The drawing on the left
shows a cross-section view of the large components external to the TPC vessel, including the OD’s water and SNOLAB’s Cryopit
wall. The model on the right shows a close up view of the main components inside the TPC vessel.

The MC geometry now includes the high voltage
(HV) feedthrough and two tubes within the HFE-7000
volume that are designed to bring calibration sources
near the outside of the TPC vessel. The support
structure for both IV and OV have been implemented
along with realistic attachments and feedthroughs,
and with thicknesses matching recent engineering
estimates. In particular, we added additional 0.2 cm
and 0.3 cm thick titanium internal liners to both
the IV and OV, respectively. They provide the
winding mandrel for the carbon-fiber composite (CFC)
employed in these vessels. For the IV, the liner also
doubles as an adsorption barrier for the HFE-7000. In
the model, the liners are made of titanium but other
materials are also under consideration. All of these
components are modeled as both passive radioactive
background shields and background sources through
dedicated simulations of decays in the materials.
Background contributions from electronics cables,
running along the vessel structures outside of the TPC
vessel, were found to be negligible, and hence are not
included in the simulation.

The OD geometry presented here has been
designed for installation in the Cryopit at SNOLAB.
The OD consists of a water tank enclosing the OV
that serves two purposes: to shield against external
radiation, and to tag the passage of nearby muons,
which allows for vetoing of cosmogenically-induced
events in the TPC. Our MC simulations indicate
that a minimum diameter of 11 m and a height of
12 m results in enough water shielding to sufficiently
reduce background contributions from the cavern rock
and concrete, and to produce nearly maximal muon
tagging efficiency when photomultiplier tubes (PMTs)
are mounted on the tank wall and used to read out the

Cherenkov light in the water. The simulated nEXO
geometry contains a water tank, 12.3 m in diameter
and 13.3 m in height, which is compatible with the
current dimensions of the Cryopit.

3. Event Simulation and Reconstruction

This work improves the fidelity of the expected
detector response to scintillation photons and direct
ionization produced in LXe. Electronic waveforms
produced by the charge signals are simulated in detail,
as well as the reconstructed event energy and topology.
The simulation takes into account generation of charge
carriers and scintillation photons, their propagation
in LXe, and electronic signals captured by readout.
We then use the simulated signals and reconstructed
energies to determine the event parameters that are
input to the 0⌫�� sensitivity analysis.

3.1. Ionization/scintillation anticorrelation in LXe

A custom version of the Noble Element Simulation
Technique (NEST) [54] calculates the number of elec-
trons (NQ) and scintillation photons (NP ) produced in
each simulated energy deposit in the LXe. These values
are stored in a list of hits, along with their generated
positions.

NEST version 2.0.1 [55] was modified to correct
interface issues with Geant4. Furthermore, two
adjustments were made in the model to attain better
agreement with EXO-200 results [48]. First, NEST
2.0.1 included an excess noise correlation in the total
number of created electrons and photons (i.e. an
inflated Fano factor), which lacked physical motivation
and did not agree with the noise model determined

nEXO: liquid xenon TPC
48

P.A. (Sander) Breur NDM 2022 May 18, 2022

 nEXO Design

6

Credit: Ako Jamil



韩柯（交⼤）：⽆双实验

nEXO Time projection chamber
❖ Light detection: 4.5 m2 silicon 

photomultipliers with ASIC 
readout in LXe. 

❖ Charge collection: Anode plane 
filled with charge readout strips 
(10 cm long and 6 mm pitch)

❖ Field strength: 400 V/cm 

❖ Electron lifetime: 10 ms 
❖

49



韩柯（交⼤）：⽆双实验

Brian Lenardo Lake Louise Winter Institute February 24, 2022

nEXO’s sensitivity

13

>2 orders of 
magnitude

Adhikari et al., J. Phys. G 49 (2022), arXiv:2106.16243
nEXO Physics potential

50

Brian Lenardo Lake Louise Winter Institute February 24, 2022

Event distributions in 
“region of interest” (ROI)

12

ROI
ROI

ROI

nEXO’s ROI is defined as: 
- Energy within 0𝛎ββ FWHM
- DNN > 0.85 (“single-site” events)
- Innermost 2 tonnes of liquid Xe (cut on standoff)

MC dataset:
T1/2 = 0.74 x 1028 yr

Single-site/multi-site discriminator (DNN)

MC data



韩柯（交⼤）：⽆双实验

 NνDEx: high pressure ion TPC 

❖ High pressure 82SeF6 TPC with 
Topmetal CMOS readout

❖ Ions drift, not electrons in SeF6  

❖ expected 1% FWHM resolution 
based on low noise Topmetal 
readout

❖ Gases TPC has unique tracking 
capability for background 
suppression

51



韩柯（交⼤）：⽆双实验

 NνDEx: high pressure ion TPC 

❖ High pressure 82SeF6 TPC with 
Topmetal CMOS readout

❖ Ions drift, not electrons in SeF6  

❖ expected 1% FWHM resolution 
based on low noise Topmetal 
readout

❖ Gases TPC has unique tracking 
capability for background 
suppression
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韩柯（交⼤）：⽆双实验

NnDEx-100

• Î~“ÏÌ&~100kg 10 atm 82SeF6—“

• ÓÔ160cm5—ÒÚÛ120cm

• Ùı”_Oˆ:SF6—“

• ˜C¯}\Ö–—Ò¯˘˙˚“¯TPC¸˝¯—“K˛cˇ!"

• #}10 atm—–âî$%—&Ø——SeF6&ˆ5'(Ì(Ω)<0.05 ppm

NνDEx-100 
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韩柯（交⼤）：⽆双实验 PandaX Detectors 54

PandaX-I: 120kg LXe 
(2009 – 2014)

PandaX-II: 500kg LXe 
(2014 – 2018)

PandaX-xT LXe 
(future)

WIMP searches 
(0νββ as well)

PRL 117, 121303 (2016)

PandaX-III: 100kg - 1 ton 
HPXe for 0νββ (future)



韩柯（交⼤）：⽆双实验

PandaX-4T currently with ~250 days’ data   

• A multi-ton dual phase xenon TPC at CJPL

• Commissioned since late 2020

• commissioning Run 0  (∼ 95 d); physics Run 1  (∼ 154 d)
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韩柯（交⼤）：⽆双实验

PandaX LXe TPC: Total-Absorption 5D Calorimeter  
❖ Precisely measure 3D position, energy, and timing information in the energy range from sub-keV to 10MeV

❖ Large monolithic volume: total absorption; ~20 x MeV ɣ attenuation length

❖ Single-site (SS) and multi-site (MS) event for event topology and particle ID 
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韩柯（交⼤）：⽆双实验

136Xe DBD half-life measurement 
❖ 136Xe DBD half-life measured by PandaX-4T: 2.27 ± 0.03(stat.) ± 0.09(syst.) × 1021 year

❖ 440 keV – 2800 keV range is the widest ROI

❖ Comparable precision with leading results

❖ First such measurement from a natural xenon TPC

57

Research, 9798721 (2022) 



韩柯（交⼤）：⽆双实验

PandaX-xT: Multi-ten-tonne Liquid Xenon Observatory 

• Active target: 43 ton of Xenon

• Decisive test to the WIMP paradigm 

• Explore the Dirac/Majorana nature of 
neutrino 

• Search for astrophysical or terrestrial 
neutrinos and other ultra-rare interactions 

• Improved PMT, veto, vessel radiopurity, etc

• Staged upgrade utilizing isotopic separation 
on natural xenon.
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韩柯（交⼤）：⽆双实验

PandaX-xT for NLDBD
❖ 4 ton of 136Xe: one of the largest DBD experiments

❖ Effective self-shielding: Xenon-related background dominates
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韩柯（交⼤）：⽆双实验

Neutrinoless double beta decay
❖ Exciting physics to probe the fundamental nature of neutrino

❖ International efforts to search for the rare signal in multiple isotopes with 

various techniques

❖ Ambitious R&D program in China 

❖ PandaX is developing multi-purpose physics program, with DBD as one of 

the main objectives. 
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