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PandaX collaboration

• PandaX: particle and astrophysical xenon detector

• dark matter, Majorana neutrino, astrophysical neutrino
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PandaX @ CJPL-II

PandaX-4T

8750m
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Timeline of PandaX-4T
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First WIMP result – Run0

• Stable data running period: 95 calendar days;
• Sensitive Volume: 3.7 tonne;
• Total exposure: 0.63 tonne-year;
• Limits on SI WIMP-nucleon cross section reach 3.8x10-47cm2;

PRL 127, 261802 (2021) 
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PandaX-4T detector condition

Electron lifetime evolution

Run0 Run1

• Failure of liquid level controlling, dividing into 
6 subsets accordingly;

• Additional 10 top PMTs turned off;
• Near off-PMT region: dedicated selection cuts

• Loosened Top/Bottom ratio, and pos. rec. 
quality requirement;

• Reconstruction refined (summarized in PRD 
110, 023029);

83mKr



< 8 >以 天 之 语    解 物 之 道

Background Composition

Run0

Run1

• CH3T dominate in Run0;

• After tritium removal, Pb214 and Kr85 are the dominant 
bkg components in Run1;
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Constraint to WIMP 

Run0

Run1

• Combined analysis using Run0+1, total exposure = 1.54 tonne-year;

• 1σ upward fluctuation with <8 GeV, while downward fluctuation in 

high-mass region;

• 1.6e-47 cm2 @ 40GeV;

arXiv:2408.00664
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Move to light dark matter

2022-06-05

Absorption DM-e

2022-04-27

CRDM DM-N

• Sensitive to Sub-GeV DM;

• MC simulation for Earth 

Attenuation;

• Time information;

2022-10-13

Absorption DM-N

2023-01-08

Atmospheric DM-N

• 10-180 keV DM;

• Sensitive to O(MeV);

• Consider QE process in 

Earth attenuation;

• Add flux from Earth back;

• 30-125 MeV DM;

• Mono-peak signal, good energy resolution 

understanding by calibration data vs. MC; 
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Cosmic ray electron boosted dark matter (CReDM)

• DM-e interaction scenario:

where the 𝜒 is fermionic DM and 𝐺 is the 
effective vector coupling constant.

• Differential cross section with free relativistic 
electrons:

where the effective cross section ത𝜎𝜒𝑒 = 𝐺2𝜇𝜒𝑒
2 /𝜋.

CJPL

28.18N
101.7E

JP mountain DM Signal
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CReDM search in PandaX-4T

• Energy information used for the signal identification, 
no excess was found;

• We present constraints on DM-e cross section for 
DM mass below 1 MeV and sensitive for 10 eV to 3 
keV;

• This result push the current mass range down by 
two orders of magnitude, achieve the minimum 
fermionic DM mass allowed by the local density;

PRL 133, 101805 (2024) 
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Solar B8 Neutrino

S1-S2 Paired S2-only

ROI
2 or3 hit, 

60<S2<300PE
4-8 e-

Energy range ~0.8-1.8 keVnr ~0.4-1.2keVnr

B8 CEvNS
Rate

Low High

Bkg rate Low High

Effective 
Exposure

1.20 tonne-year 1.04 tonne-year

Solar

• PandaX-4T searches for solar B8 CEvNS with lowered 
threshold;

• Large amount of background emerged with lowered 
threshold;

• Two data regions used: S1-S2 Paired and S2-only (US2);

From APPEC report (2019)



< 14 >以 天 之 语    解 物 之 道

Background estimation

S1-S2 paired S2-only

Run0 - PRL 130, 261001

• Accidental (AC) background dominated in the S1-S2 paired data, while the 
cathode & micro-charge (MD) background dominated in the S2-only data;

• Each BKG component was estimated independently by the MC and the data-
driven method;

• By MC vs real data, and varied control selection, B8 signal and background 
uncertainties are included;
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Search for B8 combining S1-S2 paired and S2-only data

Unblinded US2 in Run0&Run1

• Combined statistical test with S1-S2 paired and 
S2-only data;

• Reject bkg-only hypothesis with significance of 
2.64σ, with best-fit B8 events is 75±28 (US2) 
and 3.5±1.3 (paired);

• Resulting best-fit solar B8 neutrino flux is 
(8.4±3.1)×106 cm-2s-1;

arXiv:2407.10892
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Summary and outlook

• PandaX-4T released the WIMP result with combined Run0&Run1 data;

• By cosmic ray boosted, light dark matter can be studied in PandaX-4T;

• Measure the solar B8 neutrinos flux by S1-S2 and S2-only combined analysis;

• More physical studies are ongoing with new data, and the next stage of 
PandaX (20T) is on the schedule! 
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Backup - TPC
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Backup - Tritium removal 

Run0: Set ①-⑤    Run1: Set ①-⑥

• Kr-removal distillation process applied, along with the xenon 
gas self-purification (hot Getter) inner the detector;

• CH3T rates significantly decreased, estimated from S1 fit;

JINST 16 T06007 (2021)
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Backup - CReDM signal in PandaX

CJPL

28.18N
101.7E

JP mountain

• CReDM including the CRs acceleration, Earth attenuation and deposition 
process in the detector;

• Relativistic effect of the DM are consistently considered in all processes;
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Backup - Background estimation – S1-S2 paired 

• Accidental background (AC) dominated in the S1-S2 
paired data;

• Randomly pair isolated S1 and S2 waveforms as AC 
sample waveforms, and three types of data for AC 
validation;

• BDT cuts with more variables are applied;
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Backup - Background estimation – S2-only

• Cathode spectral shape is estimated using cathode 
sample with S1 information, rate estimated using 
sideband 11-15 e-;

• Micro-charge (MD) shape is estimated using the 
events rejected by the afterflow veto, rate from the 
sideband 2.5-4 e-;

PRL 130, 261001
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Backup - Systematic uncertainties in B8

• B8 signal uncertainty including data selection, B8 model and 
BDT cuts are estimated;

• By MC vs real data, and varied control selection, background 
uncertainties are also estimated ;
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Dual phase Xenon TPC

• Purity liquid xenon target, enhanced DM signals, 
achievable liquefication temperature, high light & 
charge yield

• Good ER/NR discrimination by S2/S1 ratio

• 3D reconstruction rejects external background
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Backup

The solar system is cycling the center of 
the galaxy with an average ~220 km/s 
speed

From Marc Schumann 

Rotation curve of spiral galaxy M33

Germanium/Silicon detectors,
Directional detectors

Scintillating 
cryogenic 
bolometers

Ionization

Light Heat

WIMP

Target

Liquid noble-gas 
dual-phase time 
projection 
chambers

Liquid noble-gas 
detectors,
Scintillator crystals

Superheated 
liquids, Cryogenic 
bolometers

Cryogenic 
bolometers 
with charge 
readout

Gravitational evidence 
suggests dark matter is 
the dominant form of 
matter in the Universe!
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