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PandaX-4T experiment
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Ø Third generation of the PandaX experiments located at CJPL-II
Ø Dual-phase Xe TPC: 1.2 m (D) ×1.2 m (H)
Ø Sensitive volume: 3.7 ton LXe
Ø Total volume: 5.6 ton LXe
Ø 3-inch PMTs: 169 top / 199 bottom
Ø Water shielding: 10 m (D) ×13 m (H)

Ø ER/NR identification
Ø 3D position reconstruction and fiducialization
Ø Monolithic and scalable
Ø Calorimeter from sub keV to a few MeV

15 institutions and ~80 members



Multiple physics in a wide energy range
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see Qing Lin’s talk see Ning Zhou’s talk this talk



Extending from keV to MeV
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Dedicated data analysis pipeline is developed for O(100 keV) 
– O(MeV) energy range
Ø Improved single site (SS) and multiple site (MS) 

identification: calibration data/MC SS ratio consistent 
within 1.7% 

Ø Desaturation algorithm: X-Y position reconstruction, 
energy linearity and resolution significantly improved
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Bench test for saturation and new PMT base design
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Ø New PMT base design with much improved linearity
Ø All PMT bases have been changed for the upcoming Run2 

Green: Measured charge 
Blue: Desaturated charge
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Ø PMT waveform saturation is studied by independent bench tests 
Ø Desaturation algorithm is checked and verified
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Segmented FV and simultaneous
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Region 1
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ated with the Decay0 package [33] as input for our simula-
tion. For DBD events with energy greater than 440 keV,
the SS fraction is 97.4% with a fractional uncertainty of
1.7% according to our detector response simulation.

A cylindrical FV with a radius of 33.2 cm and a height
of 66.3 cm in the geometrically center part of the detector
is selected for the final fit, with the range in the Z direc-
tion pre-determined by the event rate distribution in the
ROI. The FV is then determined from 220Rn and 83mKr
calibration data. Both internal calibration sources are
expected to be evenly distributed in the active volume.
The FV is defined where the proportionality between the
event counts and geometrically calculated volume is bet-
ter than 0.5%, and the uncertainty of the FV cut is esti-
mated as 1.0%. The FV is further divided into 4 regions,
as shown in Fig. 2 Bottom and data spectra are recon-
structed in each region. Region 1 is the innermost and
cleanest region. Region 2, 3, and 4 are on outside of
Region 1, where the external radioactive contaminations
from the top, bottom, and side of the detector, respec-
tively, have more impact.

We constructed a simultaneous fit with the binned like-
lihood function defined as
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where Nobs
ij , Nij are the observed and expected event

numbers in the j-th energy bin of the i-th region. Nij

are modeled as Eq. 2 according to PDFs of the DBD
spectrum SXe

ij and 13 background spectra Bk
ij for 222Rn

and the (category, isotope) pairs listed in Table I. The
PDFs are weighted by the number of counts nXe and nk

ij

for signal and backgrounds respectively. For background,
nk
ij is fixed while the nuisance parameters ⌘k denotes the

di↵erence between the prior and fitted counts. In the
likelihood function, a Gaussian penalty is added for each
background except 222Rn based on the prior uncertainty
�k listed in Table I. The prior 222Rn level is measured in
situ with the number of high-energy alpha particles emit-
ted in the decay chain with small uncertainty. However,
the number of 214Pb may be smaller due to progenies
attaching to electrodes and the inner surface of the de-
tector [34]. Therefore, the amount of 222Rn decay chain
events is unconstrained in the fit. Possible NLDBD sig-
nal is not included in the fit since the estimated number
of counts is fewer than one given the current best half-life
limit [35].

The fitted spectra in Region 1 and the combined results
of the other three regions are shown in Fig. 4. In the FV,
136Xe DBD events are dominant. The total number of
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FIG. 4. Results of the simultaneous fit. For better visualiza-
tion, Region 1 is shown individually (top) and the other three
regions are shown together (bottom). In each figure, data
and fit results are shown in the top panel and residuals in the
bottom panel. The �2/NDF (number of degrees of freedom)
as an indicator of the goodness of fit is shown for each figure.

DBD events is 17468±243. A parallel fit is also performed
using the RooFit package [36] with consistent results.
The fitted results of all background sources are listed

in Table I in comparison with the expected counts. The
most noticeable background is from 222Rn, or more pre-
cisely its progeny 214Pb. The fitted ratio (78.2 ± 1.7)%
represents the aforementioned depletion of 214Pb. The
large sensitive volume of PandaX-4T helps determine the
external radioactive contaminations more accurately and
robustly, as demonstrated by the smaller uncertainties
on the fitted number of counts. Agreements within two
sigmas between our fit results and radioactive assays are
observed for most of the contributions. For comparison,
the best fit results are used to calculate the expected
spectrum for the regions outside of the FV, as outlined
by the three dashed rectangles in Fig. 2. Within our
DBD ROI, the largest di↵erence between expected and
measured rates is 2.3% and the agreement is within 1%
when the three dashed regions are considered together.
We performed the fit by varying bin size from 1 keV to

40 keV and lower (upper) fit range from 440 (2600) to 600
(3000) keV. The impact of both changes is at the 1% level
or smaller. Systematic uncertainties may also come from
the mismatch between simulated and measured spectra
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FIG. 4. Results of the simultaneous fit. For better visualiza-
tion, Region 1 is shown individually (top) and the other three
regions are shown together (bottom). In each figure, data
and fit results are shown in the top panel and residuals in the
bottom panel. The �2/NDF (number of degrees of freedom)
as an indicator of the goodness of fit is shown for each figure.

DBD events is 17468±243. A parallel fit is also performed
using the RooFit package [36] with consistent results.
The fitted results of all background sources are listed

in Table I in comparison with the expected counts. The
most noticeable background is from 222Rn, or more pre-
cisely its progeny 214Pb. The fitted ratio (78.2 ± 1.7)%
represents the aforementioned depletion of 214Pb. The
large sensitive volume of PandaX-4T helps determine the
external radioactive contaminations more accurately and
robustly, as demonstrated by the smaller uncertainties
on the fitted number of counts. Agreements within two
sigmas between our fit results and radioactive assays are
observed for most of the contributions. For comparison,
the best fit results are used to calculate the expected
spectrum for the regions outside of the FV, as outlined
by the three dashed rectangles in Fig. 2. Within our
DBD ROI, the largest di↵erence between expected and
measured rates is 2.3% and the agreement is within 1%
when the three dashed regions are considered together.
We performed the fit by varying bin size from 1 keV to

40 keV and lower (upper) fit range from 440 (2600) to 600
(3000) keV. The impact of both changes is at the 1% level
or smaller. Systematic uncertainties may also come from
the mismatch between simulated and measured spectra

Ø Material components are grouped into Top, Bottom and Side categories, each with 60Co, 40K, 238U and 232Th.
Ø FV is optimized based on both background level and position reconstruction non-linearity, then segmented 

into four regions.
Ø Binned Poisson likelihood fitting on SS energy spectrum is performed simultaneously in four regions.
Ø Outer regions are used to check material background model, and data-MC is consistent at 1% level.



136Xe 2nbb half-life and background model
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Material, “Side” category 

136Xe 2nbb half-life measured as: 2.27 ± 0.03(stat.) ± 0.10(syst.) × 1021 year
Ø Comparable precision with leading results
Ø First such measurement from a DM detector with natural xenon
Ø Much lower analysis threshold compared with previous measurements
Ø “in-situ” material background fitting results compatible and more precise than HPGe assay

Research 2022, 9798721 (2022) 



124Xe 2nECEC half-life measurement
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XENONnT recent result: T1/2=(1.18 ± 0.13stat ± 0.14sys) ´ 1022 yr

Ø Background time evolution is modeled and added 
to likelihood fitting

Ø Use commissioning Run0 open data to develop the 
method

Ø 124Xe abundance measured as (0.100±0.001)%, 
larger than the natural abundance by ~5%

PRL 129, 161805 (2022)

222Rn rate evolution



Energy spectrum + time evolution likelihood fit
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Ø Two fits were performed on Run0 open data for consistency check:
q unbinned 2-dimentional fit on parameter space of (energy, time)
q binned simultaneous fit on energy + time

Ø Fitting results are more precise compared to the fit on energy spectrum only 
Ø Commissioning Run0 + Science Run1 blind analysis on-going



Energy spectrum + time evolution likelihood fit
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Ø Two fits were performed on Run0 open data for consistency check:
q unbinned 2-dimentional fit on parameter space of (energy, time)
q binned simultaneous fit on energy + time

Ø Fitting results are more precise compared to the fit on energy spectrum only 
Ø Commissioning Run0 + Science Run1 blind analysis on-going

xenon added 

neutron cali.



Search for solar pp + 7Be neutrinos
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Nature 512, p383–386 (2014)

PLB 774 (2017) 656–661

Removed ~10-day 
data with high 
133Xe concentration

Ø Binding energy of electron shell of xenon atoms has been 
taken into account when generating the recoiled electron 
energy spectrum.

Ø Commissioning Run0, excluding ~10-day data right after 
neutron calibrations to avoid high 133Xe concentration.

Ø Same FV as of our first WIMP search, with optimized 
energy reconstruction.



Search for solar pp + 7Be neutrinos
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Nature 512, p383–386 (2014)

PLB 774 (2017) 656–661

Removed ~10-day 
data with high 
133Xe concentration

Ø Binding energy of electron shell of xenon atoms has been 
taken into account when generating the recoiled electron 
energy spectrum.

Ø Commissioning Run0, excluding ~10-day data right after 
neutron calibrations to avoid high 133Xe concentration.

Ø Same FV as of our first WIMP search, with optimized 
energy reconstruction.

Borexino 
measurement 
>190 keV (for 

illustration only)



214Pb spectrum fitting on 222Rn calibration data
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Ø Dedicated 222Rn calibration campaign was carried out to measure 214Pb spectrum in-situ.
Ø 222Rn activity ~1 mBq/kg, 100x higher than science data.
Ø Fit was performed with 214Pb decay branching ratios floating.
Ø Measured 214Pb spectrum is then used in the fit on science data to estimate 214Pb level.



214Pb spectrum fitting on 222Rn calibration data
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Ø Dedicated 222Rn calibration campaign was carried out to measure 214Pb spectrum in-situ.
Ø 222Rn activity ~1 mBq/kg, 100x higher than science data.
Ø Fit was performed with 214Pb decay branching ratios floating.
Ø Measured 214Pb spectrum is then used in the fit on science data to estimate 214Pb level.

ROI Anchor



Constrained from higher energy fits or dedicated studies:
• Pb214 (10% constraint)
• Material (12.5% constraint)
• 136Xe 2nbb (4.6% constraint)
• 85Kr (51% constraint)
Float:
• 35 keV single gaussian peak (127Xe + 124Xe + 125I)
• 65 keV single gaussian peak (124Xe + 125I)
• 133Xe (simulated spectrum)

Preliminary solar pp + 7Be neutrinos measurement
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A first measurement 
below 190 keV 

The current best 
measurement with 
threshold of 190 keV

ROI chosen as [24, 144] keV

Standard solar
model



Solar pp + 7Be neutrinos sensitivity for the future
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• PandaX-4T: 222Rn ~3.5 uBq/kg, 85Kr ~0.25 ppt, 
with uncertainty <5%
=> pp solar neutrino flux measurement uncertainty: 

~28% @ 6 ton·year

• PandaX-xT: 222Rn ~0.5 uBq/kg, 85Kr ~0.01 ppt,
with uncertainty <2%
=> pp solar neutrino flux measurement uncertainty: 

<10% @ 8 ton·year

Blue: PandaX-4T upgrade
Black: PandaX-xT

PandaX-xT: 
multi-ten ton liquid xenon 
project at CJPL-II



Summary
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Ø PandaX-4T has extended the energy range from keV to MeV with dedicated
analysis pipeline and calibration campaign, and therefore extended the physics
reach from DM to neutrino.

Ø 136Xe 2nbb half-life is precisely measured for the first time by a natural xenon
detector, with much lower analysis threshold and robust background control,
demonstrating the physics potential of large liquid xenon TPC on multiple fronts.

Ø pp solar neutrino flux is being measured with recoil energy below 190 keV for the
first time.

Ø On-going analysis of double-weak decays: 124Xe 2nECEC, 134Xe 2nbb / 0nbb,
136Xe 0nbb, etc.



Thank you!

Stay tuned!
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