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PandaX: Particle and Astrophysical Xenon Experiment

15 institutions, ~100 collaborators
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PandaX-4T

• A multi-ton dual-phase xenon TPC at B2 hall of China Jinping Underground Laboratory 

• 1.2 m (D) ×1.2 m (H); Sensitive volume: 3.7-ton LXe; 3-inch PMTs: 169 top / 199 bottom 

• Water shielding
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PandaX-4T timeline
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2020/11 – 2021/04 Commissioning (Run 0)
95 days data

2021/07 – 2021/10 Tritium removal
xenon distillation, gas flushing, etc.

2021/11 – 2022/05 Physics run (Run 1)
164 days data

2022/09 – 2023/12 CJPL B2 hall construction
xenon recuperation, detector upgrade

Detector is under-preparation for Run 2



Simulated spectrum for PandaX-4T
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Wide E range, multiple “interesting” isotopes for neutrino

Sub-keV keV 10 keV 100 keV 1 MeV 10 MeV

Xe-136 
(9%)
Xe-134 
(10%)
Xe-124 
(0.1%)

Xe-all
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Neutrinoless Double beta decay (NLDBD)

• Neutrinoless double beta decay probes the nature of neutrinos: Majorana or Dirac

• Lepton number violating process

• Measure energies of emitted electrons
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Search for 136Xe NLDBD with  LXe TPC 

Bkg rate 
(/keV/ton/y)

Energy 
resolution

FV mass (kg) Run time Sensitivity/Limit 
(90% CL, year)

Year

PandaX-II ~200 4.2% 219 403.1 days 2.4 ×1023 2019

XENON1T ~20 0.8% 741 202.7 days 1.2 × 1024 2022

PandaX-4T 6 1.9% ~650 ~250 days > 1024 Future
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Wide E range, multiple “interesting” isotopes for neutrino
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134Xe DBD and NLDBD

• Q=826 keV; Half-life from theoretical predictions: 1024-1025 yr; Never been observed

• Current DBD (NLDBD) half-life limit from EXO-200 : 𝑇 >8.7x1020 yr (1.1x1023 yr) at 90% CL

• Discovery within reach with a natural Xe TPC 
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V. RESULTS AND DISCUSSION

Figure 2 shows the profile-likelihood scan performed
for the 134Xe 2νββ and 0νββ decays, where the lower
limits of T2νββ

1=2 > 8.7 × 1020 yr and T0νββ
1=2 > 1.1 × 1023 yr

at 90% C.L. are derived for their half-lives, respectively.
The corresponding experimental sensitivities were evalu-
ated at 1.2 × 1021 yr and 1.9 × 1023 yr, respectively. The
results of the NLL fit from the 134Xe 2νββ search are
presented in Fig. 3, along with the fitted 134Xe 0νββ from
the other search. The limits presented in this paper increase
the sensitivity relative to those available in the current
literature by 5 orders of magnitude for the 2νββ search [10],
while the limit set for 0νββ is nearly twice as stringent as
the one in Ref. [12].
The significance of the presence of a signal relative to

the null hypothesis is calculated using fits of toy data sets

and comparing the NLL between hypotheses. The p-values
were found to be 0.24 and 0.19 for the 2νββ and 0νββ
searches, respectively, showing that there is no statistically
significant evidence for a nonzero signal.
Both fitted β-scales are consistent with unity to the

subpercent level. The fitted half-life of 2νββ of 136Xe agrees
to better than 1% with its precise measurement in Ref. [2],
which was obtained with a different analysis on a subset of
the present data. The observed residuals from both analyses
are comparable to those in Ref. [5], performed with a
reduced data set.
Figure 4 shows the contour lines of the profile-

likelihood ratio scanned for 85Kr β and 134Xe 2νββ.
The solid lines were evaluated incorporating all the
systematic errors in the NLL function, exactly as in
the 134Xe 2νββ search, whereas the dashed lines were
obtained with consideration of neither the normalization

FIG. 3. The top plot shows the SS energy projection for the results of the 134Xe-2νββ analysis, using the fitted central values. While the
0νββ search is performed in a separate fit with a higher energy threshold, it is overlaid here for comparison since the backgrounds at
these energies are the same. The last bin is the summed contents of all bins between 1700 keVand 9800 keV. The middle plot shows the
same results, where the 136Xe-2νββ component is subtracted from data and best-fit values. The bottom plot presents the residuals
between data and best fit normalized to the Poisson error.

J. B. ALBERT et al. PHYSICAL REVIEW D 96, 092001 (2017)

092001-6

EXO-200 
(2017) 

134Xe DBD

• Double beta decay of 134Xe into 134Ba：

• Q-value is 825.8±0.9 keV

• Half-life from  theoretical predictions: 1024-1025 yr

• Current experimental limit from EXO-200 :

• 𝑇1/2
2𝜈𝛽𝛽 > 8.7 ∙ 1020 yr at 90% CL, with 29.6 kg∙ 𝑦𝑟 data

• Key advantages in PandaX-4T:
• 10.4% 134Xe in natural xenon

• High precision position reconstruction: SS and MS

• Self shielding effect

• Low 136Xe DBD background

DBD & ν in PandaX-4T - Qiuhong Wang, FDU 24

134Xe 134Ba

Emax=825.8 keV

Phys.Rev.C 104 (2021) 6, 065501

NLDBD Zhuhai, May 2023



134Xe (NL)DBD searches at PandaX-4T

• PandaX-4T: more 134Xe; much less 136Xe; wider energy range; discovery possible
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134Xe mass 136Xe abundance Analysis threshold Live Time 

PandaX-4T 68.7 kg 8.9% 200 keV 94.9 days

EXO-200 18.1 kg 81% 460 keV 600 days
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Data selection
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• An identical FV as in 136Xe analysis

• Single site vs multi-site selection measured by 232Th calibration data

• Little impact to DBD signals (𝛽 SS events)

ArXiv: 2312.15632



DBD and NLDBD Half-life limits (90% CL):
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DBD: 2.8 × 1022 yr; 32 × improvement w.r.t. EXO-200

NLDBD: 3.0 × 1023 yr; 2.7 × improvement w.r.t. EXO-200
ArXiv: 2312.15632
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Solar pp neutrino scattering on electrons

• The world’s leading direct detection result is from Borexino with a recoil energy of >165 keV 

• PandaX-4T aims to measure the lower energy spectrum than Borexino 
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ranging from less than one to a few tens of counts per day per 100 tons 
(t) for different solar-neutrino components. To cope with such a low 
event rate, Borexino has a large target mass (about 300 t) and is housed 
deep underground, under 3,800 m water equivalent of dolomitic rock 
that suppresses the flux of cosmic radiation by a factor of approximately 
one million. For more details on the detector, see Methods.

Radioactive decays of unstable isotopes contained in the scintillator 
or in the materials surrounding it represent the main sources of back-
ground (referred to as internal and external, respectively). Whereas 
external background is greatly reduced by concentric layers of high- 
purity materials surrounding the scintillator and by the selection of a 
centrally located software-defined fiducial volume, most of the inter-
nal background can only be cut down by means of liquid-scintillator 
purification. Particularly, interactions of beta particles (β; electrons 
and positrons) and of gamma particles (γ; high-energy photons) must 
be reduced to very low levels, since they cannot be distinguished from 
neutrino interactions on an event-by-event basis. Borexino has reached 
unprecedented levels of scintillator radio-purity. As an example, one 
gram of liquid scintillator contains less than 9.4 × 10−20 grams of 
uranium-238 and less than 5.7 × 10−19 grams of thorium-232 (95% 
confidence level, C.L.), a concentration about ten orders of magni-
tude smaller than in any natural material on Earth. This low level of 
background has enabled real-time detection of solar neutrinos with an 
energy threshold of 0.19 MeV, and allowed us to perform the complete 
spectroscopy of the pp chain.

Solar neutrinos reach the Earth as a mixture of all neutrino flavours 
(electronic, muonic, and tauonic) owing to the flavour-conversion mech-
anism enhanced by the MSW effect (see Methods). Borexino detects 
them by means of their weak elastic scattering off electrons. A fraction 
of the incoming neutrino energy Eν is transferred to one electron, which 

deposits it in the liquid scintillator. The scintillator light is detected by 
about 2,000 photomultiplier tubes, which ensure high detection effi-
ciency of photoelectrons produced by incident optical photons at their 
photocathodes. For 7Be (Eν = 0.384 MeV and 0.862 MeV) and pep 
(Eν = 1.44 MeV) neutrinos, the induced electron recoil endpoints are 
0.230 MeV, 0.665 MeV and 1.22 MeV, respectively. For the continuous pp 
and 8B spectra, they are 0.261 MeV and 15.2 MeV, respectively.

The detected light and its time distribution among photomultiplier 
tubes yield three important quantities for each interaction event in  
the detector: its deposited energy, roughly proportional to the total 
number of detected photoelectrons; its position within the detector, 
obtained from the analysis of the photon arrival times at each photo-
multiplier tube; and its particle identification, based on a pulse-shape 
discrimination method that exploits the different time structure of 
liquid-scintillator light pulses produced by different particles (elec-
trons, positrons, α particles and protons)27. For reference, a 1-MeV 
electron produces on average 500 photoelectrons in 2,000 photomul-
tiplier tubes, its energy is measured with σ ≈ 50 keV and its position is 
reconstructed28,29 with σ ≈ 12 cm.

We divided the analysis into two energy regions that are affected 
by different backgrounds, which need to be handled differently: a 
low-energy region (LER) of 0.19–2.93 MeV, to measure the pp, 7Be 
and pep neutrino interaction rates, and a high-energy region (HER) of 
3.2–16 MeV, to measure 8B neutrinos. For the same reason, the HER is 
further divided into two subregions, below and above 5.7 MeV (HER-I 
and HER-II). The measurement of 8B neutrinos cannot be extended 
below 3.2 MeV because of the 2.614-MeV γ-ray background from 208Tl 
decays, originating from trace 232Th contamination of the thin nylon 
liquid-scintillator containment vessel.

The reconstructed position of each event within the detector allows 
us to define a fiducial volume optimized differently for the analysis in 
the LER and HER-I/II. The LER fiducial volume is chosen to suppress 
external γ-rays from 40K, 214Bi and 208Tl contained in materials sur-
rounding the scintillator and consists of the innermost 71.3 t of scintil-
lator selected with a radial cut (radius R < 2.8 m) and a cut in the vertical 
direction (−1.8 m < z < 2.2 m). The HER is above the energy of the 
aforementioned γ-rays. The analysis in HER-I requires only a z < 2.5 m 
cut to suppress background events related to a small pinhole in the inner 
vessel that causes liquid scintillator to leak into the region outside the 
inner vessel. The total selected mass in this case is 227.8 t. In contrast, 
the analysis in HER-II uses the entire scintillator volume, 266 t, since 
the above-mentioned background does not affect this energy window.

The LER analysis uses exclusively Borexino Phase-II data collected 
between December 2011 and May 2016, in which the internal 85Kr and 
210Bi contamination was reduced with respect to Borexino Phase-I, 
thanks to a liquid-scintillator purification campaign carried out in 
2010 and 2011. The total LER exposure is 1,291.51 days × 71.3 t.  
With the exception of 208Tl decays (Q-value, total energy released  
in the decay, about 5 MeV), the HER is above the natural, long-lived 
radioactive background, making it possible to use a larger dataset, col-
lected between January 2008 and December 2016, for a total exposure 
of 2,062.4 days × 227.8 (266.0) t for HER-I (or HER-II), respectively.

The analysis proceeds in two steps: (1) the event selection, with a 
different set of cuts in the three energy regions to maximize the signal- 
to-background ratio, and (2) the extraction of the neutrino and  
residual background rates with a combined fit of distributions of global 
quantities built for the events surviving the cuts. The main event selec-
tion criteria are conceptually similar for the LER and the HER and are 
conceived to: reject cosmic muons surviving the mountain shield30; 
reduce the cosmogenic background (that is, radioactive elements pro-
duced in muon-induced nuclear spallation processes); and select an 
optimal spatial region of the scintillator (the fiducial volume). More 
details on the cuts are discussed in Methods.

Several backgrounds, listed in Table 1 and described in detail in 
Methods, survive the event selection cuts. To disentangle the neu-
trino signal from these backgrounds, two different fitting strategies 
are adopted for the LER and the HER. The LER analysis follows a 

Fig. 1 | Nuclear fusion sequences and neutrino energy spectrum. 
Schematic view of the pp and CNO nuclear fusion sequences. The solar-
neutrino energy spectrum is obtained from http://www.sns.ias.edu/~jnb/, 
using the updated fluxes taken from ref. 18. The flux (vertical scale) is given 
in units of cm−2 s−1 MeV−1 for continuum sources and in cm−2 s−1 for 
monoenergetic sources.
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ranging from less than one to a few tens of counts per day per 100 tons 
(t) for different solar-neutrino components. To cope with such a low 
event rate, Borexino has a large target mass (about 300 t) and is housed 
deep underground, under 3,800 m water equivalent of dolomitic rock 
that suppresses the flux of cosmic radiation by a factor of approximately 
one million. For more details on the detector, see Methods.

Radioactive decays of unstable isotopes contained in the scintillator 
or in the materials surrounding it represent the main sources of back-
ground (referred to as internal and external, respectively). Whereas 
external background is greatly reduced by concentric layers of high- 
purity materials surrounding the scintillator and by the selection of a 
centrally located software-defined fiducial volume, most of the inter-
nal background can only be cut down by means of liquid-scintillator 
purification. Particularly, interactions of beta particles (β; electrons 
and positrons) and of gamma particles (γ; high-energy photons) must 
be reduced to very low levels, since they cannot be distinguished from 
neutrino interactions on an event-by-event basis. Borexino has reached 
unprecedented levels of scintillator radio-purity. As an example, one 
gram of liquid scintillator contains less than 9.4 × 10−20 grams of 
uranium-238 and less than 5.7 × 10−19 grams of thorium-232 (95% 
confidence level, C.L.), a concentration about ten orders of magni-
tude smaller than in any natural material on Earth. This low level of 
background has enabled real-time detection of solar neutrinos with an 
energy threshold of 0.19 MeV, and allowed us to perform the complete 
spectroscopy of the pp chain.

Solar neutrinos reach the Earth as a mixture of all neutrino flavours 
(electronic, muonic, and tauonic) owing to the flavour-conversion mech-
anism enhanced by the MSW effect (see Methods). Borexino detects 
them by means of their weak elastic scattering off electrons. A fraction 
of the incoming neutrino energy Eν is transferred to one electron, which 

deposits it in the liquid scintillator. The scintillator light is detected by 
about 2,000 photomultiplier tubes, which ensure high detection effi-
ciency of photoelectrons produced by incident optical photons at their 
photocathodes. For 7Be (Eν = 0.384 MeV and 0.862 MeV) and pep 
(Eν = 1.44 MeV) neutrinos, the induced electron recoil endpoints are 
0.230 MeV, 0.665 MeV and 1.22 MeV, respectively. For the continuous pp 
and 8B spectra, they are 0.261 MeV and 15.2 MeV, respectively.

The detected light and its time distribution among photomultiplier 
tubes yield three important quantities for each interaction event in  
the detector: its deposited energy, roughly proportional to the total 
number of detected photoelectrons; its position within the detector, 
obtained from the analysis of the photon arrival times at each photo-
multiplier tube; and its particle identification, based on a pulse-shape 
discrimination method that exploits the different time structure of 
liquid-scintillator light pulses produced by different particles (elec-
trons, positrons, α particles and protons)27. For reference, a 1-MeV 
electron produces on average 500 photoelectrons in 2,000 photomul-
tiplier tubes, its energy is measured with σ ≈ 50 keV and its position is 
reconstructed28,29 with σ ≈ 12 cm.

We divided the analysis into two energy regions that are affected 
by different backgrounds, which need to be handled differently: a 
low-energy region (LER) of 0.19–2.93 MeV, to measure the pp, 7Be 
and pep neutrino interaction rates, and a high-energy region (HER) of 
3.2–16 MeV, to measure 8B neutrinos. For the same reason, the HER is 
further divided into two subregions, below and above 5.7 MeV (HER-I 
and HER-II). The measurement of 8B neutrinos cannot be extended 
below 3.2 MeV because of the 2.614-MeV γ-ray background from 208Tl 
decays, originating from trace 232Th contamination of the thin nylon 
liquid-scintillator containment vessel.

The reconstructed position of each event within the detector allows 
us to define a fiducial volume optimized differently for the analysis in 
the LER and HER-I/II. The LER fiducial volume is chosen to suppress 
external γ-rays from 40K, 214Bi and 208Tl contained in materials sur-
rounding the scintillator and consists of the innermost 71.3 t of scintil-
lator selected with a radial cut (radius R < 2.8 m) and a cut in the vertical 
direction (−1.8 m < z < 2.2 m). The HER is above the energy of the 
aforementioned γ-rays. The analysis in HER-I requires only a z < 2.5 m 
cut to suppress background events related to a small pinhole in the inner 
vessel that causes liquid scintillator to leak into the region outside the 
inner vessel. The total selected mass in this case is 227.8 t. In contrast, 
the analysis in HER-II uses the entire scintillator volume, 266 t, since 
the above-mentioned background does not affect this energy window.

The LER analysis uses exclusively Borexino Phase-II data collected 
between December 2011 and May 2016, in which the internal 85Kr and 
210Bi contamination was reduced with respect to Borexino Phase-I, 
thanks to a liquid-scintillator purification campaign carried out in 
2010 and 2011. The total LER exposure is 1,291.51 days × 71.3 t.  
With the exception of 208Tl decays (Q-value, total energy released  
in the decay, about 5 MeV), the HER is above the natural, long-lived 
radioactive background, making it possible to use a larger dataset, col-
lected between January 2008 and December 2016, for a total exposure 
of 2,062.4 days × 227.8 (266.0) t for HER-I (or HER-II), respectively.

The analysis proceeds in two steps: (1) the event selection, with a 
different set of cuts in the three energy regions to maximize the signal- 
to-background ratio, and (2) the extraction of the neutrino and  
residual background rates with a combined fit of distributions of global 
quantities built for the events surviving the cuts. The main event selec-
tion criteria are conceptually similar for the LER and the HER and are 
conceived to: reject cosmic muons surviving the mountain shield30; 
reduce the cosmogenic background (that is, radioactive elements pro-
duced in muon-induced nuclear spallation processes); and select an 
optimal spatial region of the scintillator (the fiducial volume). More 
details on the cuts are discussed in Methods.

Several backgrounds, listed in Table 1 and described in detail in 
Methods, survive the event selection cuts. To disentangle the neu-
trino signal from these backgrounds, two different fitting strategies 
are adopted for the LER and the HER. The LER analysis follows a 

Fig. 1 | Nuclear fusion sequences and neutrino energy spectrum. 
Schematic view of the pp and CNO nuclear fusion sequences. The solar-
neutrino energy spectrum is obtained from http://www.sns.ias.edu/~jnb/, 
using the updated fluxes taken from ref. 18. The flux (vertical scale) is given 
in units of cm−2 s−1 MeV−1 for continuum sources and in cm−2 s−1 for 
monoenergetic sources.
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Solar pp neutrino scattering on electrons

• The world’s leading direct detection result is from Borexino with a recoil energy of >165 keV 

• PandaX-4T aims to measure the lower energy spectrum than Borexino 
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ranging from less than one to a few tens of counts per day per 100 tons 
(t) for different solar-neutrino components. To cope with such a low 
event rate, Borexino has a large target mass (about 300 t) and is housed 
deep underground, under 3,800 m water equivalent of dolomitic rock 
that suppresses the flux of cosmic radiation by a factor of approximately 
one million. For more details on the detector, see Methods.

Radioactive decays of unstable isotopes contained in the scintillator 
or in the materials surrounding it represent the main sources of back-
ground (referred to as internal and external, respectively). Whereas 
external background is greatly reduced by concentric layers of high- 
purity materials surrounding the scintillator and by the selection of a 
centrally located software-defined fiducial volume, most of the inter-
nal background can only be cut down by means of liquid-scintillator 
purification. Particularly, interactions of beta particles (β; electrons 
and positrons) and of gamma particles (γ; high-energy photons) must 
be reduced to very low levels, since they cannot be distinguished from 
neutrino interactions on an event-by-event basis. Borexino has reached 
unprecedented levels of scintillator radio-purity. As an example, one 
gram of liquid scintillator contains less than 9.4 × 10−20 grams of 
uranium-238 and less than 5.7 × 10−19 grams of thorium-232 (95% 
confidence level, C.L.), a concentration about ten orders of magni-
tude smaller than in any natural material on Earth. This low level of 
background has enabled real-time detection of solar neutrinos with an 
energy threshold of 0.19 MeV, and allowed us to perform the complete 
spectroscopy of the pp chain.

Solar neutrinos reach the Earth as a mixture of all neutrino flavours 
(electronic, muonic, and tauonic) owing to the flavour-conversion mech-
anism enhanced by the MSW effect (see Methods). Borexino detects 
them by means of their weak elastic scattering off electrons. A fraction 
of the incoming neutrino energy Eν is transferred to one electron, which 

deposits it in the liquid scintillator. The scintillator light is detected by 
about 2,000 photomultiplier tubes, which ensure high detection effi-
ciency of photoelectrons produced by incident optical photons at their 
photocathodes. For 7Be (Eν = 0.384 MeV and 0.862 MeV) and pep 
(Eν = 1.44 MeV) neutrinos, the induced electron recoil endpoints are 
0.230 MeV, 0.665 MeV and 1.22 MeV, respectively. For the continuous pp 
and 8B spectra, they are 0.261 MeV and 15.2 MeV, respectively.

The detected light and its time distribution among photomultiplier 
tubes yield three important quantities for each interaction event in  
the detector: its deposited energy, roughly proportional to the total 
number of detected photoelectrons; its position within the detector, 
obtained from the analysis of the photon arrival times at each photo-
multiplier tube; and its particle identification, based on a pulse-shape 
discrimination method that exploits the different time structure of 
liquid-scintillator light pulses produced by different particles (elec-
trons, positrons, α particles and protons)27. For reference, a 1-MeV 
electron produces on average 500 photoelectrons in 2,000 photomul-
tiplier tubes, its energy is measured with σ ≈ 50 keV and its position is 
reconstructed28,29 with σ ≈ 12 cm.

We divided the analysis into two energy regions that are affected 
by different backgrounds, which need to be handled differently: a 
low-energy region (LER) of 0.19–2.93 MeV, to measure the pp, 7Be 
and pep neutrino interaction rates, and a high-energy region (HER) of 
3.2–16 MeV, to measure 8B neutrinos. For the same reason, the HER is 
further divided into two subregions, below and above 5.7 MeV (HER-I 
and HER-II). The measurement of 8B neutrinos cannot be extended 
below 3.2 MeV because of the 2.614-MeV γ-ray background from 208Tl 
decays, originating from trace 232Th contamination of the thin nylon 
liquid-scintillator containment vessel.

The reconstructed position of each event within the detector allows 
us to define a fiducial volume optimized differently for the analysis in 
the LER and HER-I/II. The LER fiducial volume is chosen to suppress 
external γ-rays from 40K, 214Bi and 208Tl contained in materials sur-
rounding the scintillator and consists of the innermost 71.3 t of scintil-
lator selected with a radial cut (radius R < 2.8 m) and a cut in the vertical 
direction (−1.8 m < z < 2.2 m). The HER is above the energy of the 
aforementioned γ-rays. The analysis in HER-I requires only a z < 2.5 m 
cut to suppress background events related to a small pinhole in the inner 
vessel that causes liquid scintillator to leak into the region outside the 
inner vessel. The total selected mass in this case is 227.8 t. In contrast, 
the analysis in HER-II uses the entire scintillator volume, 266 t, since 
the above-mentioned background does not affect this energy window.

The LER analysis uses exclusively Borexino Phase-II data collected 
between December 2011 and May 2016, in which the internal 85Kr and 
210Bi contamination was reduced with respect to Borexino Phase-I, 
thanks to a liquid-scintillator purification campaign carried out in 
2010 and 2011. The total LER exposure is 1,291.51 days × 71.3 t.  
With the exception of 208Tl decays (Q-value, total energy released  
in the decay, about 5 MeV), the HER is above the natural, long-lived 
radioactive background, making it possible to use a larger dataset, col-
lected between January 2008 and December 2016, for a total exposure 
of 2,062.4 days × 227.8 (266.0) t for HER-I (or HER-II), respectively.

The analysis proceeds in two steps: (1) the event selection, with a 
different set of cuts in the three energy regions to maximize the signal- 
to-background ratio, and (2) the extraction of the neutrino and  
residual background rates with a combined fit of distributions of global 
quantities built for the events surviving the cuts. The main event selec-
tion criteria are conceptually similar for the LER and the HER and are 
conceived to: reject cosmic muons surviving the mountain shield30; 
reduce the cosmogenic background (that is, radioactive elements pro-
duced in muon-induced nuclear spallation processes); and select an 
optimal spatial region of the scintillator (the fiducial volume). More 
details on the cuts are discussed in Methods.

Several backgrounds, listed in Table 1 and described in detail in 
Methods, survive the event selection cuts. To disentangle the neu-
trino signal from these backgrounds, two different fitting strategies 
are adopted for the LER and the HER. The LER analysis follows a 

Fig. 1 | Nuclear fusion sequences and neutrino energy spectrum. 
Schematic view of the pp and CNO nuclear fusion sequences. The solar-
neutrino energy spectrum is obtained from http://www.sns.ias.edu/~jnb/, 
using the updated fluxes taken from ref. 18. The flux (vertical scale) is given 
in units of cm−2 s−1 MeV−1 for continuum sources and in cm−2 s−1 for 
monoenergetic sources.
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PandaX-4T result

• The first solar pp neutrino measurement in recoil 
energy from 24 to 144 keV with 0.63-tonne × year 
of PandaX-4T Run 0 exposure

• Consistent with Standard Solar Model and existing 
measurements. 
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Data Material (constrained)
 / NDF = 105.9 / 1142χTotal fit: Kr (constrained)85

Be neutrino7 + ppsolar Pb (constrained)214

Peak 1: [32-41] keV (free) Pb (constrained)212

Peak 2: [64-68] keV (free) Xe (constrained)136
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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 

• Notable improvements:

• High-granularity, low-background 2-in PMT array

• Cu/Ti vessel for improved radiopurity

• Inner liquid scintillator veto
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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 

• Notable improvements:

• High-granularity, low-background 2-in PMT array

• Cu/Ti vessel for improved radiopurity

• Inner liquid scintillator veto + outer water veto
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New 2” multi-anode R12699 PMT for LXe TPC

• Higher granularity while maintaining low dark noise: best of both large PMT and SiPM

• Improved position reconstruction for better event topology 

• 2” array has an effectively wider dynamic range for DM and DBD simultaneously 

• Faster timing for possible pulse shape analysis or Cerenkov/Scintillation seperation

• Collaboration between PandaX and Hamamatsu for a low-radioactivity version of R12699

HAN, Ke (SJTU) 33

R8520 R11410                R12699

Conceptual array for a PandaX-4T-sized TPC
PandaX Neutrino Physics



PandaX-xT for NLDBD

• 4 ton of 136Xe: one of the largest DBD experiments

• Effective self-shielding: Xenon-related background 
dominates in the 8.4-tonne center FV
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PandaX Collaboration, A. Abdukerim, et al. Sci. China-Phys. Mech. Astron. January (2017) Vol. 60 No. 1 000000-8

214Bi nevertheless. Under the “ideal” assumption, we assume
that the material background is reduced by 5 times from the
“baseline” and the background from 222Rn is negligible.
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Figure 3 The energy spectra of individual background components be-
tween 1 and 150 keV (DM and solar neutrino regions) with veto applied.
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Figure 4 The energy spectra of individual background components in the
MeV region under the “baseline” background assumption. See text for de-
tails.

Table 1 Expected background for the DM search region between 1 to 10
keVee. The FV mass is 34.2 tonnes.

ER (1/tonne/year) NR (1/tonne/year)

Photosensors 8.4 0.0004
Copper vessel 0.1 0.0001
85Kr 1.2 -
222Rn 28.2 -
136Xe 9.6 -
Solar ⌫ 27.5 -
Atmospheric ⌫ 0.0 0.02
Di↵usive supernova ⌫ 0.0 0.002

Total 75.0 0.02

Table 2 Expected background for the solar neutrino-electron elastic scat-
tering region between 10 to 150 keV for the 34.2-tonne FV.

ER (1/tonne/year)

Photosensors 270
Copper vessel 21
85Kr 19
222Rn 439
136Xe 1927
124Xe 276
Solar ⌫ 343

Total 3295

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

Baseline (1/tonne/year) Ideal (1/tonne/year)

Photosensors 1.4⇥10�2 2.8⇥10�3

Copper vessel 3.2⇥10�2 6.3⇥10�3

222Rn 4.5⇥10�2 -
136Xe DBD 5.2⇥10�4 5.2⇥10�4

137Xe 8.7⇥10�4 8.7⇥10�4

Solar 8B ⌫ 1.4⇥10�2 1.4⇥10�2

Total 1.1⇥10�1 2.4⇥10�2

4 Physics potential

Being a 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, we benchmark the capability of PandaX-xT in the
WIMP search, NLDBD, and solar neutrino detection, cover-
ing an e↵ective 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 back-
ground rate presented in the previous section. The sensitivi-
ties to more exotic signals, for example, with multiple energy
depositions via nuclear or atomic excitations or with time cor-
relations, 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/tonne/year for electron recoil (ER) and 0.02
events/tonne/year for nuclear recoil (NR), respectively (Ta-
ble 1). With the simple “cut-and-count” assumptions of an
ER background rejection power of 99.7% and an NR accep-
tance of 50%, the ER and NR backgrounds in the ROI are
0.23 events/tonne/year and 0.01 events/tonne/year, respec-
tively. With the standard DM halo and nuclear form fac-
tors parameters, and the spin-independent or spin-dependent
isospin-conserving DM-nucleon interaction [94], and with
a projected exposure of 200 tonne·year, the sensitivities are

41 meV

10 meV



Head-to-head with other DM/DBD experiments 
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Bkg rate 
(/keV/ton/y)

Energy 
resolution Mass (ton) Run time

Sensitivity/Lim
it (90% CL, 

year)

PandaX-4T 6 1.9% 4 94.9 days > 1024

XENONnT 1 0.8% 6 1000 days 
(expected) 2 × 1025

LZ 0.3 1% 7 1000 days 
(expected) 1 × 1026

KamLAND-ZEN 0.002 5% 0.8 (136Xe) 1.5 years 2.3 × 1026

nEXO 0.006 1% 5  (136Xe) 10 years 1.35 × 1028 **

DARWIN 0.004* 0.8% 40 10 years 2 × 1027

PandaX-xT 0.002* 1% 43 10 years 3⨉1027

* Major difference from cosmogenic 137Xe; ** !
"
	sensitivity is 6⨉1027 yr, for detector performance comparison in the table.



Possible isotope seperation/enrichment

• Xenon with artificially modified isotopic abundance (AMIA) for smoking gun discovery
• A split of odd and even nuclei

• Further enrichment of 136Xe

• to improve sensitivity to spin-dependence of DM-nucleon interactions and NLDBD
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Competitive in other neutrino physics topics as well

• Coherent scattering of solar 8B neutrino: from a first observation in LXe TPC to precision measurement 

• Electron scattering of solar pp neutrino: competitive precision at a wider energy range

• Neutrinos with abnormal magnetic moments: a better sensitivity than astrophysical observations 
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Neutrino physics program at PandaX

Sub-keV keV 10 keV 100 keV 1 MeV 10 MeV

Xe-136 
(9%)
Xe-134 
(10%)
Xe-124 
(0.1%)

Xe-all
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Solar 8B 
neutrino WIMP and other DM signals

Double EC

Solar pp 
neutrino

DBD and 
NLDBD

DBD and NLDBD

alphas

• Re-think the LXe TPC as a Total-Absorption 5D Calorimeter 

• Fully exploit the entire energy range of LXe TPC

• Fully utilize the multiple isotopes of natural xenon for rich physics 



Thank you very much

We welcome new collaborators
 

at PandaX-xT 
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