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0νββ sensitivity on mββ

Improvement in mββ sensitivity is challenging. Every meV counts
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Fig. 8 Probability of 90% exclusion limits for CUPID obtained with a Bayesian analysis, under the assumption of a background of
1 → 10↑4counts/keV/kg/yr and 5 keV FWHM energy resolution. Left: Distribution of half-life exclusion limits, the median sensitivity and
interval containing 68% of the pseudo-experiments are shown. Right: Probability for CUPID to exclude 𝐿𝐿𝐿 values at 90% c.i. The probability of
50% corresponds to the median of the distributions on the left translated in 𝐿𝐿𝐿 . The shaded band corresponds to the inverted ordering region.

Table 12 CUPID Stage-I median discovery sensitivity (3𝑀) in half-life
and e!ective Majorana neutrino mass, for 3 years livetime and mass
= 150 kg for a background index of 1.5 → 10↑4 counts/keV/kg/yr and
three considered energy resolution at 𝑁𝐿𝐿 .

Energy resolution 𝑂̂1/2 𝐿̂𝐿𝐿

FWHM [keV] 1027 [yr] [meV]
10 0.14 32.7–55.1
7.5 0.16 30.4–51.3
5 0.18 28.2–47.5
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Fig. 9 CUPID median discovery sensitivity (3𝑀) in half-life as a func-
tion of the exposure in crystal mass times livetime. The sensitivity
for a background index of 1 → 10↑4 counts/keV/kg/yr and 1.5 → 10↑4

counts/keV/kg/yr are shown in blue and red respectively. This is ob-
tained using an energy resolution of 5 keV FWHM.

7 Conclusion

In this work we computed the expected sensitivity of the
next generation experiment CUPID to search for neutrino-
less double-beta decay of 100Mo. In the CUPID baseline sce-
nario, with crystal mass 450 kg, the background is 1.0→ 10↑4

counts/keV/kg/yr and the energy resolution is 5 keV FWHM
at the Q-value. Using an unbinned likelihood analysis and

a Frequentist and Bayesian frameworks, we obtain the dis-
covery and the exclusion sensitivities to the half-life and
the e!ective Majorana neutrino mass. In the baseline sce-
nario, with 10 live-years of data taking, we derive a 3𝐿
discovery sensitivity of 𝑀1/2 = 1.0 → 1027 yr correspond-
ing to 𝑁̂𝑃𝑃 = 12.2–20.6 meV, in the Frequentist approach.
The median exclusion sensitivity in the Frequentist analysis
yields 𝑀1/2 = 1.8+2.1

↑0.8 → 1027 yr, corresponding to exclusion
limits to the e!ective Majorana neutrino mass of 𝑁̂𝑃𝑃 = 9.0–
15.2 meV. The Bayesian exclusion limit at 90% c.i. results
in 𝑀1/2 = 1.6+0.6

↑0.5 → 1027 yr, corresponding to limits to the
e!ective Majorana neutrino mass of 𝑁̂𝑃𝑃 = 9.6–16.3 meV,
fully covering the neutrino mass regime in the inverted or-
dering scenario, as well as the normal ordering regime with
neutrino mass larger than 10 meV. We have also calculated
the impact on the expected sensitivity in the case of back-
ground levels and energy resolutions di!ering from those of
the baseline scenario.
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FIG. 27 Discovery sensitivities of current- and next-generation 0⌫��-decay experiments for exchange mechanisms dominated
by e↵ective operators of dimension 7 and 9. Values of ⇤ smaller than the marked values are tested at higher CL. The grey
band corresponds roughly to the reach of modern accelerator experiments. The black line indicates an ambitious goal for future
circular colliders such as the FCC-hh (Golling et al., 2016).
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FIG. 28 Discovery sensitivities of current- and next-generation 0⌫��-decay experiments for exchange dominated by e↵ective
operators of dimension 5, i.e., the light neutrino exchange. Values of m�� larger than the marked values are tested at higher
CL. The grey band indicates the range of m�� values for inverted-ordered neutrino masses and vanishing values of the lightest
neutrino mass. The minimum value of m�� for the IO and its 1�, 2�, and 3� uncertainty bands are indicated by the black, green,
orange, and yellow bands, respectively. The red band between 8-10meV indicates a future goal for 0⌫��decay experiments
motivated by theoretical and experimental considerations (see discussion in Sec. III.D.4).

flat priors on the Majorana phases and a log-flat prior
on ⌃ favor m�� values close to the current constraints,
providing exciting prospects for the field regardless of the
mass ordering.

3. Impact of nuclear physics

How likely a discovery is in the next decade strongly
depends on systematic uncertainties on NME calcula-

tions. A broad e↵ort to reduce uncertainties is ongoing
within the nuclear theory community.

Ab initio approaches o↵er a promising avenue: by in-
corporating wider nuclear correlations and currents, mea-
sured �-decay rates can now be reproduced without the
“quenching” required by previous studies — an ad hoc
reduction of calculated matrix elements. The first ab ini-
tio matrix elements for 0⌫��-decay nuclei, supported by
studies in lighter systems, indicate a mild suppression by
tens of percent with respect to the lower values in Tab. I.

Rev.Mod.Phys. 95 (2023) 2, 025002
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flat priors on the Majorana phases and a log-flat prior
on ⌃ favor m�� values close to the current constraints,
providing exciting prospects for the field regardless of the
mass ordering.

3. Impact of nuclear physics

How likely a discovery is in the next decade strongly
depends on systematic uncertainties on NME calcula-

tions. A broad e↵ort to reduce uncertainties is ongoing
within the nuclear theory community.

Ab initio approaches o↵er a promising avenue: by in-
corporating wider nuclear correlations and currents, mea-
sured �-decay rates can now be reproduced without the
“quenching” required by previous studies — an ad hoc
reduction of calculated matrix elements. The first ab ini-
tio matrix elements for 0⌫��-decay nuclei, supported by
studies in lighter systems, indicate a mild suppression by
tens of percent with respect to the lower values in Tab. I.

• 0νββ search with next generation xenon TPCs: PandaX-xT/XLZD vs. nEXO 


• Natural xenon vs. Enriched


• Multi-purpose vs. Specialized



Ke Han, SJTU PandaX-xT

• 47-ton xenon, including 43-ton sensitive 

volume
• 2.7 meters in diameter and height
• Eliminate LXe veto
• Cold LS veto right outside Cu cryostat 
• Staged and upgradable
• Dual-phase or single-phase options

31

Future: PandaX-xT

• Active target: 43 ton of 
Xenon 

• Improved PMT, veto, vessel 
radiopurity, etc 

• Staged upgrade utilizing 
isotopic separation on 
natural xenon.
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The DM ROI, [1, 10] keVee, includes both low energy
ER and NR background (neutron and neutrino-nuclear co-
herent scattering) events. The solar neutrino ROI, [10,
150] keVee, refers to the primary energy region for elastic-
electron scattering signals from solar pp neutrinos [119].
The NLDBD ROI, [2433, 2483] keVee, covers a 50-keV win-
dow around the Q-value of 136Xe NLDBD (2458 keV). To
implement a simplified energy response model, the ER en-
ergy deposition is smeared with a resolution function σ/E
of 30%/

√
E/keV + 0.4%. The NR energy is converted into

an equivalent ER energy using the Lindhard factor [120,121]
but without the smearing.

(4) FV cuts are optimized with a simple “cut-and-count”

figure-of-merit
εM × T√

B
in which ε is the signal efficiency, M

is the fiducial mass, T is the data taking time, and B is the cor-
responding number of background events. For the DM ROI,
since the signal is the DM-nucleus NR scattering, we assume
an ER background rejection power of 99.7% and an NR ac-
ceptance of 50% with the standard ionization-to-scintillation
ratio cut in LXe DM experiments. There is only ER back-
ground in the solar neutrino and NLDBD ROIs. The result-
ing optimized cylindrical FV for the DM and solar neutrino
region is 34.2 t (190 mm to the top, 170 mm to the bottom,
and 102 mm to the side of the TPC) and NLDBD is 8.4 t (780
mm to the top, 816 mm to the bottom, and 484 mm to the side
of the TPC) of natural xenon.

After these cuts, background energy spectra below 150
keV (the DM and solar neutrino-electron scattering regions)
and the high energy NLDBD region are shown in Figures 3
and 4. Corresponding background events in the DM, solar
neutrino, and NLDBD energy regions are summarized in Ta-
bles 1–3 [122]. Note that the background rate in the NLDBD
ROI is highly sensitive to the background assumption, so the
results of a “baseline” and “ideal” assumption are given. Un-
der the “baseline” assumption, one major background arises
from the 214Bi β-decay, the daughters of the internal 222Rn
daughter. Although 214Bi can be very efficiently tagged and
vetoed via the delayed coincidence of 214Bi-214Po decay, we
assume a 0.1% residual untagged 214Bi nevertheless. Under
the “ideal” assumption, we assume that the material back-
ground is reduced by 5 times from the “baseline” and the
background from 222Rn is negligible.

4 Physics potential

Being an unique deep underground and ultralow background
liquid xenon observatory, the physics potential of PandaX-
xT is very rich. Instead of presenting an exhaustive list of
physics [39], we benchmark the capability of PandaX-xT

in the WIMP search, NLDBD, and solar neutrino detection,
covering an effective energy range from keV to MeV. Within
these energy windows, the sensitivity of alternative signals
with a single-scattering nature can be estimated based on the
background rate presented in the previous section. The sen-

Figure 3 (Color online) The energy spectra of individual background com-
ponents between 1 and 150 keV (DM and solar neutrino regions) with SS,
veto, and FV cuts applied.

Figure 4 (Color online) The energy spectra of individual background com-
ponents in the MeV region with SS, veto, and FV cuts applied under the
“baseline” background assumption. See text for details.

Table 1 Expected background for the DM search region between 1 to 10
keVee. The FV mass is 34.2 t. The rates are obtained without applying the
ER/NR rejection cut

ER (event/(t·year)) NR (event/(t·year))

Photosensors 8.3 0.00007
Copper vessel 0.02 0.000002

85Kr 1.2 –
222Rn 28.2 –
136Xe 9.6 –
Solar ν 27.5 –

Atmospheric ν 0.0 0.02
Diffusive supernova ν 0.0 0.002

Total 74.8 0.02

A. Abdukerim, et al. Sci. China-Phys. Mech. Astron. February (2025) Vol. 68 No. 2 221011-9

Table 2 Expected background for the solar neutrino-electron elastic scat-
tering region between 10 to 150 keV for the 34.2-t FV. For comparison, the
solar neutrino signal is calculated based on the Standard Solar Model [122]

ER (event/(t·year))

Photosensors 270
Copper vessel 21

85Kr 19
222Rn 439
136Xe 1927
124Xe 276

Solar ν 343

Table 3 Expected background under the baseline and ideal scenarios for
the NLDBD energy range between 2433 and 2483 keV for the 8.4-t FV. See
text for details

Baseline (event/(t·year)) Ideal (event/(t·year))

Photosensors 1.4×10−2 2.8×10−3

Copper vessel 2.9×10−2 5.8×10−3

222Rn 4.5×10−2 –
136Xe DBD 5.2×10−4 5.2×10−4

137Xe 1.0×10−4 1.0×10−4

Solar 8B ν 1.4×10−2 1.4×10−2

Total 1.1×10−1 2.4×10−2

sitivities to more exotic signals, for example, with multiple
energy depositions via nuclear or atomic excitations or with
time correlations, have to be studied case by case and are

beyond the scope of this paper.

For the WIMP search in the DM ROI, the background
level is 75 events/(t·year) for electron recoil (ER) and 0.02
events/(t·year) for NR, respectively (Table 1). With the sim-
ple “cut-and-count” assumptions of an ER background re-
jection power of 99.7% and an NR acceptance of 50%,
the ER and NR backgrounds in the ROI are 0.23 and 0.01
events/(t·year), respectively. Note that the accidental back-
ground has been omitted in the WIMP ROI to be consis-
tent with the assumptions in previous studies, e.g., by DAR-
WIN [123], and they are sub-dominant in the current gener-
ation experiments. With the standard DM halo and nuclear
form factors parameters, and the spin-independent or spin-
dependent isospin-conserving DM-nucleon interaction [124],
and with a projected exposure of 200 t·year, the sensitiv-
ities are summarized in Figure 5 [10-13, 48, 49, 52, 125-
132]. Note that the PandaX-xT sensitivity reached about
3.5×10−49 cm2 for spin-independent interactions at a DM
mass of 40 GeV/c2. The sensitivity is expected to im-
prove with a likelihood approach with the full distributions
of the signal and background incorporated. Nevertheless,
the limit covers most of the allowed parameter space from
the constrained minimal supersymmetry models [125]. Also
overlaid is the neutrino-background-only sensitivity “floor”
with three neutrino-nucleus coherent scattering events from
ref. [13]. The sensitivities to the spin-dependent interactions
with the proton and neutron are also given in the figure.

Figure 5 (Color online) Projected 90% C.L. exclusion sensitivities (red dashed curve) of PandaX-xT to spin-independent, and spin-dependent WIMP-neutron/-
proton interactions estimated with a cut-and-count method, assuming the background level from Table 1, a 99.7% ER rejection power and a 50% NR acceptance,
and an exposure of 200 t·year. Our benchmark energy range from 1 to 10 keVee has limited our sensitivity to DM masses less than 10 GeV/c2. The sensitivity
curve for low-mass DM below 10 GeV/c2 (dotted line in the left graph) is estimated based on the PandaX-4T efficiency curve in a specialized low energy analysis
in ref. [126], and a 1:1 ratio of 8B neutrino induced CEνNS and accidental coincidence background. The “neutrino floor” (3 events) and 95% C.L. contour of
allowed parameter space in Supersymmetry models are taken from refs. [13, 125], respectively. Past experimental constraints [10-12, 48, 49, 52, 127-130] are
also overlaid. We also overlay sensitivities of the future DARWIN/XLZD [131] and ARGO [132] with exposure indicated.
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For NLDBD, at the Q-value of 136Xe NLDBD (2458
keV), and with an energy resolution σ/E of 1%, the level
of the background for the 8.4-t fiducial volume is 2.1×10−3

count/(keV·t·year) within a 50 keV energy window (Table 3).
The sensitivity to the NLDBD half-life can be expressed as:

T NLDBD
1/2 =

ln 2 × ε × fROI × (# of 136Xe atoms) × T
1.64
√

B
, (1)

in which fROI = 0.68 is the fraction of events enclosed in
the NLDBD ROI, ε is the signal selection efficiency which is
assumed to be 100%, B is the number of background events
(Table 3), the number of 136Xe atoms is calculated assum-
ing natural abundance, and T =10 years. This leads to a
half-life sensitivity of 3.3 × 1027 and 6.9 × 1027 years for
the baseline and ideal background assumptions, respectively.
The baseline result corresponds to an upper limit of the effec-
tive Majorana mass between 10-41 meV/c2 on mββ, in which
the spread is due to the uncertainty in the nuclear matrix el-
ements [133]. The sensitivity can mostly cover the allowed
space for inverted neutrino MO, assuming that NLDBD is
mediated by light Majorana neutrinos, as illustrated in Fig-
ure 6.

For the solar neutrinos, we benchmark our sensitivity
to the solar 8B neutrino flux via coherent elastic neutrino-
nucleus scattering (CEνNS), and the pp neutrino flux via
neutrino-electron elastic scattering. With 200 t·year expo-
sure, the number of detected 8B neutrino CEνNS events is
approximately 710, conservatively estimated based on the
PandaX-4T efficiency curve in a specialized low energy anal-
ysis in ref. [126], with an energy threshold of ∼0.95 keVnr

(1% efficiency) and the energy smearing taken into account.
With an additional assumption of an equal number of acci-
dental background events, PandaX-xT is capable of making
a better-than 10% precision measurement on the 8B neutrino

fluxes (Figure 7) [122, 134]. We expect the efficiency and
accidental background to be further improved along the way.
For the pp neutrinos, assuming a 2% systematic uncertainty
for material, krypton and radon background, the relative pre-
cision of pp flux can be determined to 3% using ER spectra
fitting, better than the current best measurement from Borex-
ino [135].

Note that the neutrino scattering rate in Tables 1 and 2 has
assumed standard electroweak interaction only. If there is an
enhanced neutrino magnetic moment µν due to the Majorana
nature or exotic new physics beyond the SM, the elastic scat-
tering cross section will be modified by a term [13]

)
dσ
dT

[

µν

=
πα2

EMµ
2
ν

m2
e

]
1 − T/Eν

T

]
, (2)

in which αEM = 1/137, me is the mass of the electron, and Eν
and T are the energy of the neutrino and recoiled electron, re-
spectively. Therefore, the low energy pp neutrino measure-
ment can be in turn used to search for µν. With 200 t·year
exposure and our background presented in the ROI of DM in
Table 1, we expect to achieve an unprecedented sensitivity of
1.2×10−12µB to µν (Figure 8) [103,136-140], where µB is the
Bohr magneton.

5 Discussions and conclusions

This paper is a combination of letter-of-intent of PandaX-xT,
a concise description of major design concepts, and physics
potentials if the assumed performances are met. One should
note that some of the technical choices presented still require
significant R&D. In Table 4, we summarize the readiness of
individual subsystems and key techniques.

Figure 6 (Color online) (Left) Projected 90% C.L. sensitivity to NLDBD half-life as a function of exposure time for the baseline and ideal background
scenarios, assuming a fiducial mass of 8.4-t natural xenon. Inputs used in the calculation are in Table 3 and discussed in the text. (Right) Effective Majorana
mass (mββ) sensitivity with 10 year of exposure with respect to the phase space of the inverted and normal MO of neutrinos. The sensitivity bands of the two
scenarios are due to the spread of commonly-used nuclear matrix elements. The two sensitivity bands are staggered intentionally for better visibility.

10 meV

41 meV

SCPMA 68 (2025) 2, 221011



Ke Han, SJTU 13

Fig. 7: The XLZD nominal system features a LXe-TPC with
a 1:1 aspect ratio for 60 tonnes of active mass (2.98 m diam-
eter and 2.97 m height) housed in a double-walled cryostat.

3.2 XLZD Detector: Strategy and Xenon Acquisition

The nominal XLZD detector features a dual-phase LXe-
TPC of almost 3m inner diameter and height, contain-
ing 60 tonnes of active mass as depicted in Fig. 7. Such a
detector enables dark matter searches down to the neu-
trino fog and a competitive search for 0ωεε decay in
136Xe using a natural abundance target (see Section 2
and [51]). While the XLZD TPC diameter is fixed early
in the detector design, adjusting the field cage height
will allow for an interim detector of reduced mass (of
around 40 tonnes) and the flexibility to achieve a larger
target mass of 80 tonnes for the final detector. This
strategy provides a central element of risk and opportu-
nity management, allowing for early testing of detector
components and adaptability to the xenon market.

The interim detector configuration of around
40 tonnes at full field cage width and reduced height
will be used for initial technical performance verifica-
tion and risk mitigation. It also has the potential for
competitive early science with a dark matter search ex-
posure of up to 1000 days, leading to more than five
times the exposure expected for current-generation de-
tectors. The 0ωεε-decay sensitivity for a 40 tonnes de-
tector running for up to 3 years is illustrated in Fig. 3.
The interim configuration will also maximize the time
XLZD can monitor for a supernova burst with compet-
itive sensitivity [69] and enable an early measurement

of the solar neutrino flux via CEωNS and neutrino-
electron scattering [67].

Simultaneously, we will continue the xenon acquisi-
tion program until we acquire su!cient xenon to deploy
a TPC with the full nominal height with 60 tonnes of
active mass. At this point, all critical detector systems
have been thoroughly tested in the running interim de-
tector, and problems encountered can be addressed or
components replaced. The 60 tonnes baseline detector
delivers the full science case outlined in Section 2.

Should the xenon market conditions permit a higher
acquisition rate after the initial period, or if our initial
phase already sees a hint of a signal, a more ambitious
instrument with 80 tonnes of active mass can be accom-
modated to acquire exposure faster. The larger target
mass would require a taller field cage keeping the same
diameter as in the baseline scenario. It would also ap-
proach the best discovery sensitivity for 0ωεε decay
searches since, at this target mass, we benefit more
significantly from the self-shielding of external back-
grounds from 2.5MeV ϑ-rays.

The outlined experimental strategy builds on a re-
alistic xenon acquisition schedule based on conversa-
tions with the global rare-gas suppliers and the col-
laboration’s experience in successfully procuring large
amounts of xenon (2 → 10 t) for currently running ex-
periments. The strategy allows for xenon procurement
to spread over several years as not to disrupt the
market. In-advance purchase planning, multi-year con-
tracts, and early availability of funding will be essential
for a successful xenon acquisition campaign. It should
also be noted that the xenon will be retained over the
experiment’s lifetime and will remain an asset that does
not deteriorate.

3.3 Siting

A suitable underground facility will be required to host
this flagship observatory, featuring key characteristics
(e.g. depth, space, accessibility, services, support) ap-
propriate for such an ambitious project. Five under-
ground laboratories located at 1,000m.w.e. depth or
more have expressed interest in hosting the detector
planned by the XLZD collaboration; these are located
either in deep mines or under mountains, and all of-
fer atmospheric cosmic-ray muon fluxes attenuated by
a factor of at least one million relative to the flux on
the surface. These are the Boulby Underground Labo-
ratory in the UK, the INFN Laboratori Nazionali del
Gran Sasso in Italy, the Kamioka Observatory in Japan,
the Sanford Underground Research Facility in the USA,
and SNOLAB in Canada. All have experience hosting
world-class dark matter and/or 0ωεε decay research.

Future: XLZD
• Dual-phase liquid xenon (LXe) 

TPC for DM and 0νββ, etc 

• 60 t LXe baseline design (80 t 
considered as well) 

• Darwin + LZ + XENONnT 
experiments 
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Figure 2. Example distribution of single scatter events in the 0ωεε ROI caused
by interactions of 2448 keV ϑ-rays emitted by the decay of 214Bi in detector
materials for the XLZD baseline design of 60 t. The e!ect of xenon self-shielding
is clearly visible, with the rate decreasing several orders of magnitude in the
central region compared to the surfaces. A higher rate at the top compared
to the bottom reflects the additional shielding provided by the xenon in the
reverse field region between the cathode and the lower array of photosensors.
Also shown (black dashed contour) are the limits of the 11 t optimal fiducial
volume for the 3ϖ-significance discovery potential in the optimistic scenario
(see discussion in Section 4).

For the particular case of the dominant contribution from the TPC PMTs,

Hamamatsu has been working on the development of a lower radioactivity variant

of the same model. Prototypes of these new lower radioactivity PMTs have recently

been assayed by the XLZD groups, showing a reduction of 2/3 in 226Ra compared to

the original R11410-22 model, and even lower radioactivity PMTs are now becoming

available [45]. The use of lower radioactivity devices such as SiPMs in the top array

(alone or in an hybrid configuration including PMTs in the periphery) could provide an

additional reduction.

The third column of Table 1 shows the impact these changes would have in

the projected LZ 214Bi background. Smaller contributors, grouped under “Other

components”, include the OD acrylic tanks and scintillator, cryostat seals and super-

insulation, grid holders and the inner TPC PTFE. Of these we highlight that the

mass of stainless steel in the grid rings is minimised by using woven grids, and that

clean cryostat super-insulating materials have been identified by other experiments

(e.g. GERDA). Overall, we consider that a reduction of approximately 75% of the 214Bi

ω-ray background can be achieved with confidence based entirely on public assay data

21

Figure 4. Sensitivity of XLZD to the 0ωεε decay of 136Xe in the two metrics
considered in this work: 90% CL exclusion (top) and 3ϑ discovery potential (bottom).
The projections for the two mass configurations in the two detector performance
scenarios considered are shown by the coloured bands, with the nominal scenario setting
the lower band limits and the optimistic scenario the upper limits. Also shown are the
projections from other planned experiments: KamLAND2-Zen [3,62], NEXT-HD [63],
PandaX-xT [61] and nEXO [20]. Note that the nEXO projections were obtained using
a profile likelihood ratio test while those for XLZD use the figure-of-merit estimator.
The right axis shows the projected sensitivity to the e!ective Majorana neutrino mass,
mωω , considering a maximum (minimum) M0ε

136Xe of 4.77 (1.11) (see text).

XLZD 0νββ sensitivity

• Aggressive FV cuts 

8

60 t

• Competitive sensitivity
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Figure 3. Energy spectra of SS events from signal and relevant backgrounds for
0ωεε decay in the inner region of XLZD considering the nominal scenario (see Table 3).
The black (gray) line shows the external ϑ-ray background from detector materials after
(before) excluding events with coincident signals in the vetoes; their contribution in
the 0ωεε ROI (vertical yellow band, defined as Qωω±1ϖ with 0.65% energy resolution)
is clearly dominated by the 2448 keV ϑ-ray from the decay of 214Bi in the 238U chain.
The irreducible background from 8B solar neutrinos (shown in purple) dominates the
internal backgrounds relatively to 137Xe at the various XLZD candidate host sites
(shown by the red dotted lines) except at Kamioka and LNGS (where it is at the
same level). 222Rn (green line) is subdominant even in the nominal scenario, while the
contamination from 2ωεε decay (light blue) in the ROI is negligible given the excellent
energy resolution achieved by LXe-TPCs. Also shown is a hypothetical 0ωεε signal
with a half-life of 5→1027 yr (orange line).

We find the optimal fiducial volume by gradually adding contiguous detector regions

with lowest background index until the sensitivity is maximized. We find optimal natXe

masses of 8.2 t (11.0 t) and 13.6 t (17.2 t) for the 3ω-significance discovery potential in

the nominal (optimistic) scenario for the 60 t and 80 t configurations, respectively.

After this point, B grows faster than E and the sensitivity decreases gradually. The

precise optimum volume depends on the underlying sensitivity metric, with 3ω discovery

potential generally leading to larger fiducial masses compared to the 90% CL exclusion

sensitivity in all studied detector configurations. The external background is dominant

in more than 75% of the active mass, and accordingly the optimised fiducial mass

contains less than a quarter of the available target.

The choice of the optimal ROI depends on the spectral shape of the background:

on a flat background dominated by the internal background sources, S/
↑
B optimises

in a symmetric ±1.4ω ROI, yielding a 4% relative increase in T 0ω
1/2 sensitivity compared

to a ±1ω ROI; in a background setting dominated by the external 214Bi ε-ray peak,

J.Phys.G 52 (2025) 4, 045102
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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 com-
ponents 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.

Table 1. Main dimensions of the nEXO geometry. The two cryostat dimensions marked
with an ∗ indicate values that were not changed from the previous analysis [39].

Description Value

Liquid xenon mass in vessel 4811 kg
Liquid xenon mass in drift region 3648 kg
Fiducial xenon mass 3281 kg
TPC drift height 118.3 cm
TPC drift diameter 113.3 cm
TPC vessel height 127.7 cm
TPC vessel diameter 127.7 cm
Inner vessel diameter∗ 338 cm
Outer vessel diameter∗ 446 cm
Water tank height 13.3 m
Water tank diameter 12.3 m

7.5 cm, as well as 7.2 cm spacing between the barrel surface of the xenon vessel and the !eld
shaping rings (FSRs). In this volume, VUV-sensitive silicon photomultipliers (SiPMs) posi-
tioned in a ‘barrel’ con!guration detect LXe scintillation light. A smaller 1.9 cm gap between
the anode and the top of the vessel is provided to accommodate electronics and cabling with
suf!cient mechanical clearance. The inner radius of the FSRs is 56.7 cm, yielding a fully active
TPC LXe mass of 3648 kg. The remaining volume, where only the scintillation light but no
ionization from LXe interactions is detected, is referred to as the ‘skin’ Xe region [46].

Dimensional speci!cations for the SiPMs and charge readout tiles, as well as for their sup-
port structures and electronics are adjusted to the slightly smaller vessel size, along with other
minor design adjustments. Table 1 summarizes the corresponding primary dimensions. The
geometry implemented in MC simulations, built using Geant4 v10.4 [51–53] and described
in more detail in reference [39], has been updated to match these dimensions as speci!ed in
the latest engineering model. As described below, we have also added components outside the
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Figure 11. Event distributions for an example of toy dataset (black points) and combined
groups of the !tted PDFs projected onto the three axes used in the sensitivity analysis.
In (a) the event energy distribution is shown for SS-like events (DNN >0.85) in the
central 2000 kg LXe and in the 2000–2800 keV region; (b) the DNN 0νββ discrim-
inator distribution is shown for events with energy within Qββ± FWHM/2 and in the
same central volume; and (c) the standoff distance distribution is shown for SS-like
events within Qββ± FWHM/2. The 0νββ decay signal corresponds to a half-life of
0.74 × 1028 yr.

distribution is shown for events with energy within the FWHM around Qββ and in the central
2000 kg of LXe, while (c) shows the standoff distance distribution for SS-like events within
the same energy range. There is a region where the signal is dominant over backgrounds in the
bins toward 0νββ-like DNN score and innermost volumes in the standoff distance, illustrating
the 0νββ decay separation power obtained with nEXO.

5.2. Sensitivity results

Figure 12 shows the projected 0νββ sensitivity and discovery potential at 3σ level as functions
of livetime. If no signal is observed in a 10 years exposure, the median expected exclusion for
nEXO is T0ν

1/2 > 1.35 × 1028 yr at the 90% CL. With one year of data taking this value is
0.2 × 1028 yr and exceeds 1028 yr after 6.5 years. For a potential signal, the median 3σ dis-
covery potential is T0ν

1/2 = 0.74 × 1028 yr. These results represent an increase of ∼30% − 45%

over the previous projections reported in reference [39]. About 1/3 of the improvement arises
from the DNN discrimination power, consistent with results reported by EXO-200 [34], and
the remaining 2/3 arises from the reduction of backgrounds, dominated by the choice to use
EF copper. The expected discovery signi!cance as a function of the 0νββ decay half-life at
the nominal 10 years livetime is presented in !gure 13. We observe that a median signi!cance
of 2.4σ is achieved for a hypothetical 0νββ decay half-life of 1028 yr. If 0νββ decay exists
with half-life of <0.38 × 1028 yr then nEXO would be capable of discovery at 5σ signi!cance
in more than 50% of the possible realizations.

The energy resolution obtained in the MC simulations is based on a realistic representa-
tion of the detector response but also includes some simpli!cations, a few of which cannot
yet be fully validated at this stage of the experiment design. To quantify the impact of the
energy resolution on the experimental sensitivity, we degraded the resolution value at Qββ

within a conservative range of values and then re-evaluated the sensitivity. The result is shown
in !gure 14. As previously reported [39], the 0νββ sensitivity does not degrade substantially,
decreasing by ∼15% for the resolution growing by 50%.
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Figure 12. Projection of the median sensitivity and 3σ discovery potential to 0νββ
decay with nEXO as functions of the detector livetime. At small livetimes, the exper-
iment is essentially background-free. In this regime, the number of observed counts
required to make a 3σ discovery is smaller than the number of counts that can be
excluded at the 90% CL, leading to a discovery potential that is higher than the
sensitivity.

Figure 13. Projections of the median discovery signi!cance to 0νββ decay with 10 years
of nEXO data. The gray band indicates the 68% symmetric quantile around the median.
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Background rate and FV in natural LXe TPC

• Outside of FV: 
Background rate 
too high to search 
for 0νββ?


• Wasted xenon?
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Figure 2. Example distribution of single scatter events in the 0ωεε ROI caused
by interactions of 2448 keV ϑ-rays emitted by the decay of 214Bi in detector
materials for the XLZD baseline design of 60 t. The e!ect of xenon self-shielding
is clearly visible, with the rate decreasing several orders of magnitude in the
central region compared to the surfaces. A higher rate at the top compared
to the bottom reflects the additional shielding provided by the xenon in the
reverse field region between the cathode and the lower array of photosensors.
Also shown (black dashed contour) are the limits of the 11 t optimal fiducial
volume for the 3ϖ-significance discovery potential in the optimistic scenario
(see discussion in Section 4).

For the particular case of the dominant contribution from the TPC PMTs,

Hamamatsu has been working on the development of a lower radioactivity variant

of the same model. Prototypes of these new lower radioactivity PMTs have recently

been assayed by the XLZD groups, showing a reduction of 2/3 in 226Ra compared to

the original R11410-22 model, and even lower radioactivity PMTs are now becoming

available [45]. The use of lower radioactivity devices such as SiPMs in the top array

(alone or in an hybrid configuration including PMTs in the periphery) could provide an

additional reduction.

The third column of Table 1 shows the impact these changes would have in

the projected LZ 214Bi background. Smaller contributors, grouped under “Other

components”, include the OD acrylic tanks and scintillator, cryostat seals and super-

insulation, grid holders and the inner TPC PTFE. Of these we highlight that the

mass of stainless steel in the grid rings is minimised by using woven grids, and that

clean cryostat super-insulating materials have been identified by other experiments

(e.g. GERDA). Overall, we consider that a reduction of approximately 75% of the 214Bi

ω-ray background can be achieved with confidence based entirely on public assay data
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Figure 3: Visible energy spectra of 136Xe double-beta decay to various excited states of
136Ba. The upper figure shows 2νββ decays and the lower figure shows 0νββ decays. The
2νββ and 0νββ decays to the ground state are also shown for reference. All decays are
shown on a linear scale.
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Summary and next steps
• CUORE will have a world-leading sensitivity of 3.7 × 1024 yr for 2vES in 

130Te with 2039 kg TeO2-yr of exposure.
• A full analysis is underway with anticipated systematic studies of the 

efficiencies, energy biases, and energy resolutions.
• Improved analysis techniques may open the door to improvements in 

efficiency and sensitivity.
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Introduction: decay to excited states
Both two-neutrino (2νES) and neutrinoless (0νES) modes of double beta 
decay allowed to proceed to excited states of the final daughter nucleus

• Experimental signature: ββ + de-excitation cascade γs
• Test of nuclear matrix element calculations
• Smaller Qββ→ smaller phase space → suppressed rate

Only observed in 100Mo, 150Nd, and indication in 82Se

ββ Q-value: 734 keV
Three de-excitation branches:
• A (86%): 1257 keV + 536 keV
• B (12%): 672 keV + 586 keV + 536 keV
• C (2%): 672 keV + 1122 keV

T1/2
th = (7.2–5630) × 1023 yr (QRPA [1], NSM [2])

130Te excited state 
decay scheme 

Analysis method and sensitivity
Event selection
• 2039 kg-yr total exposure in 28 datasets
• Coincidence clustering optimized for whole detector energy 

range, including both gamma and alpha regions [6]
• Energy and multiplicity cuts selected for highest sensitivity, i.e. 

larger signal fraction and smaller expected background [3]

Sensitivity study
• Fit of total spectrum from 

background-only toy experiments 
• Generated with expected 

backgrounds for 2039 kg-yr based 
on CUORE Background Model [6]

• Stat-only fit
• Median limit setting sensitivity at 

90% C.I. of signal rate posterior:

Bayesian unbinned extended maximum likelihood fit
• Fit to projected energy spectrum (1D histogram) 

• Fit model: Gaussian signal, flat or linear background
• Efficiencies: containment, cross-talk, anti-coincidence (AC), detector, pulse shape 

discrimination (PSD) 
• Fitter: PyMC implementation of Hamiltonian Monte Carlo

• Alternative to Metropolis-Hastings Markov Chain Monte Carlo (MCMC)
• Use gradient of likelihood to make proposals for steps in MCMC chain
• Aims to efficiently explore parameter space

(below) Summary of ROIs for 2vES and 0vES searches

Simulated multiplicity 2 signal 
spectrum for 2vES (above) 
and 0vES (below). Red boxes 
are ROIs 1 and 2 for each.
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Excited state decays are naturally suited for a multi-
site event search!

Example pair plot for posteriors of signal rate and background components
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The Cryogenic Underground Observatory for Rare Events (CUORE)
• Search for neutrinoless double beta decay of 

130Te (to ground state)
• World-leading limit: T1/2 > 3.8 × 1025 yr (90% 

C.I.) [4]
• 988 TeO2 crystals (742 kg, 206 kg 130Te)
• Hall A of Laboratori Nazionali del Gran Sasso: 

reduced muon flux by factor of 106 relative to 
sea level [5]

• CUORE as segmented detector allows physics 
searches in multi-site events (“multiplicity > 1”)
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Cryogenic calorimetry: energy depositions → temperature change
• Operated at O(10 mK)
• Read out using neutron transmutation doped (NTD) Ge thermistors
• Large custom-built dilution refrigerator: cool ~3 tonnes to 50mK
• Over 5 years of stable data-taking, uptime >90%

figure from [3]
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Total signal rate

ROI 1 total bkg

ROI 1 bkg slope

ROI 2 total bkg

ROI 3 total bkg

The Cryogenic Underground Observatory for Rare Events (CUORE)
• Search for neutrinoless double beta decay of 

130Te (to ground state)
• World-leading limit: T1/2 > 3.8 × 1025 yr (90% 

C.I.) [4]
• 988 TeO2 crystals (742 kg, 206 kg 130Te)
• Hall A of Laboratori Nazionali del Gran Sasso: 

reduced muon flux by factor of 106 relative to 
sea level [5]

• CUORE as segmented detector allows physics 
searches in multi-site events (“multiplicity > 1”)
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Cryogenic calorimetry: energy depositions → temperature change
• Operated at O(10 mK)
• Read out using neutron transmutation doped (NTD) Ge thermistors
• Large custom-built dilution refrigerator: cool ~3 tonnes to 50mK
• Over 5 years of stable data-taking, uptime >90%

figure from [3]

CUORE/CUPID style Modular detector

Ridge Liu, Poster at this TAUP Nuclear Physics A 946 (2016) 171



Ke Han, SJTU

LXe Detector technology
❖ Precisely measure 3D position, energy, and timing from 

sub-keV to 10MeV


❖ Large monolithic volume: >20  MeV ɣ attenuation length

❖ Single-site (SS) and multi-site (MS) event topology for 

particle ID 

×

13
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Response to 0νββ-ex
• High signal efficiency 
• Clear signature for 

background suppression

14

ββ+γ+γ 

ββ



Ke Han, SJTU

Decay rate
15

Phase space factor
Nuclear matrix element

(T 0⌫
1/2)

�1 = G0⌫(Q,Z) |M0⌫ |2 |hm��i|2

m2
e

0νββ − gs : 136Xe → 136Ba++ + 2e− + Q (2458 keV)

❖ 


❖  depending on isotopes, nuclear models

G0ν ∝ Q5

M0ν ∈ [1,10]

0νββ − ex : 136Xe → 136Ba++ + 2e− + γ1 + γ2 + Q (879 keV)
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Expected half-lives
• Relative amplitude of NMEs for 

0νββ-gs and 0νββ-ex depends 
on nuclear models


• The difference in expected half-
lives may not be as significant 
as expected.


• Can 0νββ-ex help enhance the 
sensitivity to mββ?

16
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Clear signature in LXe TPC      larger FV; 
lower background rate
• A reference detector (XLZD-like)

• Detector size 60 t

• Background counts of 0.32 per year

• Resulution: 0.65% (sigma) at 2.46 MeV

• Signal efficiency: 0.76

• FV-gs = 8.2 t


• FV-ex = 20 t (a nominal scenario):

• External radioactivity of 32 mBq 238U

• 0.12 events per year

17
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Simulation of LXe TPC SS/MS discrimination
• Consider energy and position smearing in the TPC


• Only Z-direction information is utilized: 5 mm separation for a site


• Simple 0νββ-ex MS signal selection:


• Total energy within the ROI; 


• Site energy (sum) is 0.88 MeV


• No other site energy > 0.83 MeV.  

18
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An ideal scenario
19

100 t

60 t

10-4 bkg 

per year
Same as 

nominal


60 t
20 t8.2 t

0.32 bkg 

per year


0.12 bkg 

per year


Nominal scenario
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Combined multi-transition analysis
• Consider the 0νββ-gs and 0νββ-ex 

simultaneously to constrain mββ more 
effectively


• ∆χ2
 ≥9 defines the region of the 3σ 

confidence level.


•  is for 0νββ-gs and -exi

20
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TABLE I. Comparison of the effective neutrino mass limits (meV) obtained from the 0ωεε ground-state transition, |mgs
εε|, and from the combined

multi-transition analysis, |mcomb
εε |, under nominal and ideal scenarios. The values of |mgs

εε| differ slightly from those reported by XLZD [34],
owing to different methods for determining the 3ϑ sensitivity.

RQRPA(RCM) MCM(Jastrow) MCM(UCOM) RQRPA(BEM) IBM-2 MR-CDFT ISM

|mgs
εε| 69.5 19.4+2.3

→1.8 14.5+1.3
→1.1 69.5 15.0 [9.1, 20.2] 25.9

|mcomb
εε | (nominal) 32.8 18.1+2.3

→1.8 14.1+1.2
→1.1 69.4 15.0 [9.0, 20.2] 25.9

|mcomb
εε | (ideal) 8.0 6.8+1.5

→1.0 6.4+1.3
→0.9 57.9 13.5 [8.7, 18.1] 25.3

function:

∆ϖ2 = →2[lnL(N |B) → lnL(N |N)]

= 2
∑

i

[
Ni ln

(
1 +

S i

Bi

)
→ S i

]
,

(2)

where the total events Ni = S i + Bi. The likelihood func-
tion is constructed using a Poisson distribution. In the com-
bined analysis, a requirement of ∆ϖ2 ↑ 9 defines the region of
|mcomb
εε | where a positive 0ωεε signal can be established at the

3ϑ confidence level.
The half-life of 0ωεε decay for each decay mode is given

by

[T 0ω,i
1/2 ]→1 = g4

AG0ω
i |M0ω

i |2
|mεε|2

m2
e
, (3)

where gA = 1.27, G0ω
i is the PSF for the i-th decay mode, and

M0ω
i is the corresponding NME. We consider NMEs from var-

ious nuclear models, including the renormalized quasiparticle
random phase approximation (RQRPA) [28], supplemented
with two different methods for the excited 0+ state of the
daughter nucleus: the recoupling method (RCM) [43] and
the boson expansion method (BEM) [44, 45], the multiple-
commutator model (MCM) [37] with the nucleon-nucleon
short-range correlations considered using the UCOM corre-
lator [46] and the Jastrow correlator [47], respectively, the
interacting boson model (IBM-2) [35], the interacting shell
model (ISM) [36], and the multi-reference covariant density
functional theory (MR-CDFT) [39]. The NMEs for the 0ωεε-
gs decay (M0ω

gs ) range from 0.66 to 5.06, while those for the
0ωεε-ex decay (M0ω

ex ) span from 0.49 to 6.28. For both decay
modes, the NMEs vary by up to an order of magnitude. See
Fig. 1 of the Supplemental Material for the comparison of
these NMEs. The PSFs are taken from Ref.[48].

Assuming a 10-year data acquisition period, we evaluate
the sensitivity to |mεε| for nominal and ideal scenarios, as sum-
marized in Table I and Fig. 2. The results show that NMEs
calculated with MR-CDFT provide the most stringent con-
straints on |mεε|, regardless of whether only the 0ωεε-gs decay
is considered or in the combined analysis in the nominal sce-
nario. In both cases, the |mεε| sensitivities reach ↓ 9 meV af-
ter 10 years of operation, which lies below the lower bound of
|mεε| for the inverted mass ordering. However, under the ideal
combined analysis scenario, the analysis with NMEs of MCM
(UCOM) establishes the most stringent constraint of 6.4 meV.

FIG. 2. (Color online) Constraints on the effective neutrino mass ob-
tained from a combined analysis |mcomb

εε | as functions of both M0ω
gs and

M0ω
ex . This analysis incorporates both the nominal scenario (a) and

the ideal scenario (c). The red shaded region represents the parame-
ter space for the inverted mass ordering (IO) scenario corresponding
to a minimal neutrino mass of zero. The NMEs calculated by differ-
ent nuclear models are annotated. (b) and (d) show the corresponding
ratio of constraints on the effective neutrino mass from considering
only 0ωεε-gs decay |mgs

εε| versus the combined analysis |mcomb
εε | as a

function of M0ω
ex/M0ω

gs .

Fig. 2(b(d)) shows how the enhancement factor varies with
the NME ratio for the 0ωεε-ex and 0ωεε-gs transitions for
the nominal (ideal) scenario. The enhancement in sensitiv-
ity increases with the NME ratio, and the exact improvement
depends on the experimental parameters. The combined anal-
ysis improves the sensitivity of |mεε| from 69.5 meV to 32.8
meV, bringing it well within the inverted ordering (IO) region,
with NMEs from the RQRPA (RCM) approach. A meaning-
ful improvement is achieved when M0ω

ex ↑ M0ω
gs for the nomi-

nal scenario, while the improvement is much significant for
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and the energy deposition of an event inside the sensitive vol-
ume. The 0ωεε-ex decay of 136Xe, characterized by a Q-
value of 0.88 MeV and emitting two de-excitation ϑ rays (0.76
MeV and 0.82 MeV), is illustrated in Fig. 1(a). As shown in
Fig. 1(b), typical 0ωεε-ex decays deposit energy via the con-
tinuous double-ε tracks and ϑs’ scattering and/or absorption
at different interaction sites. The TPC identifies 0ωεε-ex de-
cays as multi-site (MS) events with characteristic energies at
each site. In contrast, 0ωεε-gs events manifest as single-site
(SS) events most of the time.

The multi-site nature of 0ωεε-ex decays enables effective
background suppression and a substantial increase in the fidu-
cial volume (FV) available for the search. In 0ωεε decay
experiments, the background rate is a primary factor deter-
mining scientific reach. For NNLXe detectors, the dominant
background originates from the radioactivity of external de-
tector components. Owing to xenon’s strong self-shielding,
this external background exhibits pronounced position depen-
dence. To reduce external background contributions and max-
imize 0ωεε-gs decay search sensitivity, stringent FV cuts (de-
noted as FV-gs) of NNLXe detectors retain less than 20% of
the xenon target, as in PandaX-xT and XLZD. In contrast,
the MS signature of 0ωεε-ex decays permits looser FV cuts
(denoted as FV-ex), expanding the fiducial xenon mass by
roughly a factor of three while lowering the background rate.
This combination of increased FV and reduced backgrounds
leads to a substantial improvement in half-life sensitivity for
0ωεε-ex decay searches.

The numbers of signal events S i and background events Bi
for both 0ωεε-gs and 0ωεε-ex decays are determined, respec-
tively, by [40]

S i = ln 2 · NA · ϖi · ϱi

ma
· [T 0ω,i

1/2 ]→1,

Bi = ϱi · BIi · ∆Ei,
(1)

where i labels different decay modes, NA is Avogadro’s num-
ber, ϖi is the signal efficiency of the i-th decay mode, and
ϱi = aMiti is the isotopic exposure [ton·yr], with a the isotopic
abundance, Mi the fiducial mass [ton], and ti the measurement
time. The quantity ma is the molar mass of the candidate nu-
cleus, and BIi is the background index [cts/(keV·ton·yr)].

To extract the expected sensitivity to 0ωεε, we con-
sider realistic detector response and background expectations
based on the published experimental configurations for the
XLZD [34] and the PandaX-xT [33]. A "nominal scenario"
of the NNLXe detector with an active target of 60 t is con-
structed with a Geant4-based simulation framework, Bam-
booMC [41]. Parameters of XLZD, including FV-gs of 8.2 t,
background counts of 0.315 per year, and an energy resolu-
tion of 0.65% at the Q-value (2.46 MeV) of X136 e 0ωεε-gs,
are assumed for the SS background spectrum. The signal ef-
ficiency of 0.76 in a 50-keV energy region of interest (ROI)
centered around the Q-value. The 0ωεε-ex signal efficiency
and MS background spectrum are simulated with our detec-
tor setup. Assuming that all background contributions orig-
inate solely from U238 , equivalent external radioactivity of

FIG. 1. (Color online) (a) Schematic illustration of the 0ωεε decay
of Xe136 to both the ground state (0+1 ) and the excited state (0+2 ) of

Ba136 , with subsequent gamma emissions (ϑ1 = 0.76 MeV, ϑ2 = 0.82
MeV) following the excited-state transition. (b) Signal signatures in
an NNLXe TPC for both 0ωεε-gs and 0ωεε-ex events and illustration
of FVs for both decay modes. The 0ωεε-ex mode produces multi-
site events with spatially separated energy depositions from the two
electrons and accompanying gammas, while 0ωεε-gs events appear
as single-site energy depositions localized near the Q-value. Dimen-
sions of FVs are not to scale.

32 mBq is placed right outside of the liquid xenon sensitive
volume, while internal radioactivity is ignored for simplicity.
Energy depositions in BambooMC are grouped as one site if
the distance in the Z direction is less than 5 mm. For each
site, energy is smeared assuming the relative energy resolu-
tion is proportional to 1/

↑
E[MeV] and 0.65% at 2.46 MeV.

An event is identified as a 0ωεε-ex signal if the total energy
is within the ROI and energy at one site (or the sum of ener-
gies at multiple sites) is 0.88 MeV, unless energy at another
site is larger than 0.83 MeV. The straightforward MS-based
selection achieves approximately 60% signal efficiency, while
reducing the background by three orders of magnitude. Con-
sequently, the 0ωεε-ex decay search benefits from an enlarged
FV to 20 t, in which the background is down to 0.12 events
per year.

It is noteworthy that the current rudimentary MS selection
cuts can be improved for more background suppression power.
Identification of interaction sites can be improved with three-
dimensional information, instead of just the Z direction. Clus-
tering of different sites of the Compton scattering and absorp-
tion of ϑ-rays reconstructs the energy, which provides strin-
gent cuts on ϑ1 and ϑ2 energies. Machine learning may further
exploit the topological signature of 0ωεε-ex events for particle
identification. We also include an "ideal scenario", in which a
100 t NNLXe detector with 60 t FV-ex is constructed to illus-
trate the full potential of combined 0ωεε-ex and -gs analysis.
The background rate is assumed to be 10→4 counts per year in
the FV-ex. The 0ωεε-gs parameters remain the same as those
in XLZD [34].

Combined analysis of sensitivity to effective neutrino
mass. In order to calculate the sensitivity of |mεε|, we fol-
low the approach in Ref. [42] and construct the following ς2
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Nominal scenario
21

ISM

MR-CDFT
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MCM(Jastrow)

RQRPA(RCM)

Nominal
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Ideal scenario
22
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Combined analysis accelerates our reach to IO
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Conclusion
• 0νββ-ex may contribute non-trivially to the sensitivity to mββ 


• Large Liquid Xe TPC offers a unique detector response to search for 0νββ-ex 
of 136Xe


• Larger FV


• Lower background rate


• Combining 0νββ-gs and 0νββ-ex improves the sensitivity to mββ


• The combined analysis accelerates our reach to the IO
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Backup



Ke Han, SJTU 26

Sensitivity vs. background rate in FV-ex


