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Dark Matter
• Strong evidences for the existence of dark matter
• Unknown physical nature 

– Various types, covering extremely large mass range 

Dark Energy(68.3%)

Ordinary Matter(4.9%)

Dark Matter(26.8%)
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Dark Matter Direct Detection
• Incoming dark matter from the universe
• Scattering with target atom

– Goodman and Witten (1985)

– Energy deposit in the detector

Credit: James Josephides

利用 T�N0�t一期的探测器寻找低质量的暗物质 上海交通大学博士学位论文

图 lĢl假设自旋不相关散射截面，Sz−9 U$质量为 Szz ;3pg,2的rBKTc粒子与不同靶标核素碰撞的
积分能谱：t3，;3，�a和 M3。实线上的标记是各实验的典型探测阈值。来源见 `38Y )l4*。

子的平均自由程小于 k毫米，而 S K3p的伽马光子的平均自由程大约为 9公分。换而言
之，较大的原子系数使得液氙有较高的密度，从而使得液氙本身就可以对探测器外围的

伽马本底产生很好的屏蔽效果，这种屏蔽效应也被称为“自屏蔽”效应（c3I8Ac@C3I0CN<）。

l = (µ)−1 = (
µ

ρ
× ρ)−1 VlĢSW

由于液氙非常好的自屏蔽效应，在液氙探测器中，来自探测器外围的本底事例被极

大的降低。而实际上，在t2MQM和 Hmt实验中，外层的液氙将绝大多数的本底事例被
阻挡在置信区域之外，从而在置信体积内营造一个更为干净的暗物质探测区域。图Y lĢ:
显示了 Hmt探测器内不同位置的本底分布)e4*，颜色代表事例率，IR<10/`m，/`m定义
为“3q3Njc g0�w gG< gG3p”（每 S G3p能量沉淀每天在 S公斤液氙内产生的事例数）。图中
的虚线显示的是 Hmt最后选择的置信体积的边界。所以，基于低能区本底事例率的分
布与事例能量不相关的假设，我们可以很明显得看到，本底事例从探测器边缘到内部急

剧减少。相比较事例率最高的区域（暗红色），置信体积内的本底事例率减少了 l到 k
个数量级。

ġ :f ġ
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Progress of Direct Detection
•

2021/07/08: PandaX-4T first result was released at MG16 conference
PRL 127, 261802 (2021), Editors’ Suggestion
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PandaX Collaboration
• PandaX: Particle and Astrophysical Xenon Observatory
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China Jinping Underground Laboratory
• Deepest underground lab: 6700 m.w.e. and horizontal access
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PandaX: Dual-phase xenon TPC
• Paired scintillation (S1) and ionization (S2) signals

– Precise energy measurement and 3-D position reconstruction

– Discrimination of nuclear recoil and electron recoil signals

Electron recoil

Nuclear recoil
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PandaX Development
• Increasing the detector sensitive target volume
• Lowering radioactive background

PandaX start
PandaX-I 

120kg

PandaX-II 
580kg

PandaX-4T
(3.7 tonne)

2020-2009 2010-2014 2015-2019
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PandaX-4T experiment @ CJPL-II
• Sensitive target volume: 3.7 tonne liquid xenon
• Shielding tank: 900m3 high-purity water
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PandaX-4T Physics Run
•  2020/11

–
2021/04 

Commissioning (Run0)
95 days

2021/07
–

2021/10

Tritium removal
xenon distillation, gas flushing, etc

2021/11
–

2022/05

Physics run (Run1)
164 days

2022/09
–

2023/12

CJPL B2 hall construction
xenon recuperation, detector upgrade

Current 
Status Resuming physics data-taking
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How dark is dark matter?
•
How dark is dark matter?

Image Credit: Public Domain 11



Luminance of Dark Matter
• Residual weak EM properties: coupling with photons 

millicharge charge radius electric 
dipole

magnetic 
dipole anapole

𝑄𝑒

millicharge

tree-level higher-order loop-level 

ℒ = 𝑄𝑒𝜒̅𝛾#𝜒𝐴# +
𝜇$
2 𝜒̅𝜎#%𝜒𝐹#% + 𝑖

𝑑$
2 𝜒̅𝜎#%𝛾&𝜒𝐹#% + 𝑏$𝜒̅𝛾#𝜒𝜕%𝐹#% + 𝑎$𝜒̅𝛾#𝛾&𝜒𝜕%𝐹#%

magnetic dipole        electric dipole              charge radius               anapole     
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Photon-Mediated Interaction
• Various nuclear recoil energy spectra
• Dedicated searches of these EM properties
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Results from Run0 Data
• First experimental constraints on 

DM charge radius
– 4 orders of magnitude smaller than 

neutrino

• Other EM properties
– up to 3 – 10 times improvement 

dark matter neutrino neutron

Charge radius ( fm2) <1.9×10−10 [-2.1,3.3] 10−6 -0.1155
Millicharge (e) <2.6×10−11 <4×10−35 (-2 ± 8)×10−22

Magnetic dipole (µB) <4.8×10−10 <2.8×10−11 -1×10− 3

Electric dipole (ecm) <1.2×10−23 <2×10−21 <1.8×10−26

Anapole (cm 2) <1.6×10−33 ∼10−34 ∼10−28

∗ 

∗ 

∗ 

∗ 

∗ 

∗ 

∗ † 

‡ §

∗ Datas are taken from PDG [32]
† Taken from [31]
‡ Taken from [33]
§ Taken from [34]

Table 1 | Comparison of electromagnetic properties

×

Nature 618, 7963, 47-50 (2023) 14
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PandaX-4T New Data (Run1)
• Combination of Run0 + Run1
• Total exposure: 1.54 tonne·year

Run 0 Run 1

15



Major Improvement
• Tritium background

– excess of low electron-recoil energy

• Significant reduction from Run0 to Run1 

Run0: Set ①-⑤    Run1: Set ①-⑥

Run0

Run1

tritium

flat ER

tritium flat ER
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Major Improvement
• More accurate detector response
• More accurate signal model
• Higher signal efficiency

Run1

detector response monitor

Run1
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Background Composition

• WIMP reference region (below NR median)
– Tritium: significant reduction

– 214Pb from radon decay

– Accidental background

Run1

18

reference regionBlinded Analysis



Accidental Background
• Origin: Isolated S1 and S2 accidentally in a signal window
• Strategy

– PDF: randomly paring isolated S1, S2

– Normalization: related to S1, S2 rates

– Validation through off-window region

Fix window data

Isolated S1 Isolated S2

S1 S2

Total quality cut

Final AC

ROI off-window

drift time [us]

physical event 
drifting region

19



Unblinded Data
• WIMP reference region (below NR median)

– Data: 24 vs Expectation 20.5 ± 2.5

Run0

Run1

NR median
NR 99.5% boundary

ER 5%-95% CL

20



Constraints on spin-independent xsec
• Improved by a factor of ~2 (1.6E-47cm2 @ 40GeV)

– some upward fluctuation for DM mass < 8GeV, and some downward 
fluctuation for high mass DM

Combined 
Run0 + Run1
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Constraints on spin-independent xsec
• Improved from by a factor of ~2 (1.6E-47cm2 @ 40GeV)

– some upward fluctuation for DM mass < 8GeV, and some downward 
fluctuation for high mass DM

S1<5PE
below NR median Expected Observed

Run0 2.7±0.4 4

Run1 3.6±0.5 7

Run 1
Combined 
Run0 + Run1
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Constraints on spin-independent xsec
• Improved from by a factor of ~2 (1.6E-47cm2 @ 40GeV)

– some upward fluctuation for DM mass < 8GeV, and some downward 
fluctuation for high mass DM

S1<5PE
below NR median Expected Observed

Run0 2.7±0.4 4

Run1 3.6±0.5 7

1TeV 1s contour
below NR median Expected Observed

Run0 4.5 5
Run1 4.7 3

Run 1 Run 1
Combined 
Run0 + Run1
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More DM Results from PandaX-4T
•

PRL 131, 191002 (2023)

𝜒 + e-→ 𝜐 + e−

PRL 129, 161804 (2022)  
Editors’ Suggestion

PRL 131, 041001 (2023)

arXiv: 2403.08361

𝜒 + Xe → 𝜐 + Xe

PRL 129, 161803 (2022) 
Editors’ SuggestionPRL 130, 261001 (2023) 

Editors’ Suggestion

DM-electron interaction DM-neutrino interaction Boosted DM
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Neutrino Floor
• Coherent Elastic Neutrino-Nucleus Scattering (CEvNS) 

C. O’Hare PRL 127, 251802 (2021)

Solar 8B 
neutrino

25



Solar 8B neutrino
• Low threshold detection mode

– low threshold paired ROI

– Ionization S2-only ROI

Low threshold paired ROI Ionization S2-only ROI
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Low threshold paired ROI
• Lowering selection threshold for solar B8

– Cut on the scintillation signal (S1) from 2 PE to 0.3 PE

• Accidental paired (AC) background modeling and rejection

1hit
side-band

1hit
side-band

Boosted 
Decision Tree

1hit side-band

1.25 tonne-year
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Low threshold paired ROI
• Lowering selection threshold for solar B8

– Cut on the scintillation signal (S1) from 2 PE to 0.3 PE

• Accidental paired (AC) background modeling and rejection

1hit
side-band

1hit
side-band

2hit           3hit           2hit          3hit  
run0         run1          run0         run1

Unblinded Data

Boosted 
Decision Tree

1hit side-band

1.25 tonne-year

28

Data: 3 events
Expected: 6±1



Ionization S2-only ROI
• Ionization-only: no scintillation signal requirement

– ROI S2 [60, 200]PE: threshold down to ~100 eVee (from ~1 keVee)

• Key Challenge: signal efficiency and background control
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S2-only Background Modelling
• Low threshold region: two instrumental background sources  

PandaX,
PRL (2023)

Run 1
Delayed 
electron 
emission 

after 
large S2

Electron 
emission 

from 
Cathode

Dt from large S2

Run 1
Paired events
from Cathode

de
ad

tim
e
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Unblinded S2-only Data
• Preliminary result from 1D fitting on S2 charge spectrum

– Excess in run0+run1 data, best-fit B8 rate: µ = 1.8±0.8

• Further 2D fitting on charge vs width work-in-progress
• First measurement of solar neutrino CEvNS process with Xe

1.04 tonne-year
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Multi-physics Targets
•  Large energy range: keV ~ MeV

Majorana Neutrino
> 2 MeV

Dark Matter
1 keV – 10 keV

Astrophysical Neutrino
< 300 keV
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Majorana Neutrino
• Neutrinoless double-beta decay

– Golden channel for Majorana neutrino searches

• Xe-136: natural abundance 8.9%
– 2nbb T1/2 2.2x1021 years, Qbb 2.46 MeV 

'()Xe → '()Ba + 2e*+? ν

33



Xe-134 @ PandaX-4T
• Next promising discovery of 2nbb decay

– natural abundance 10.4%

– 2nbb T1/2 ~1024 years,  Qbb 0.83 MeV

• 95 live-days with 656 kg natural xenon

– 90%CL limits on half-life 𝑇'/,
,%-- > 2.8 > 1022 yr and 𝑇'/,

.%-- > 3.0 > 1023 yr

𝑇'/,
.%--

PRL 132, 152402 (2024)
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Future plan: PandaX-xT
• Ultimate liquid xenon experiment

– With >30 tonne sensitive volume

– Letter-of-interest sent to Chinese funding agency

– Key tests on WIMP and Dirac/Majorana neutrino

arXiv:2402.03596
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20T Experiment R&D
•

36



20T Experiment R&D
•

Expected to be online in 2027
37



Summary
• PandaX-4T is one of the new generation multi-tonne

xenon experiments
– Intense searches for various types of physics, including 

WIMPs, axions, neutrinos, etc.

– Expecting more interesting results

• Next stage: 20T is expected to be online in 2027
• Highly welcome new collaborators!

Night view @ CJPL (Image credit S. Zhang)
THANK YOU
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