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Dark Matter
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Observations pydrogen

p—

100

-

LSS 20,730 -
S R (x 1000 Ty)
i RGO S S Wikipedia

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

Gravitational evidences suggest dark matte
is the dominant form of matter in Universe!
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Liquid Xenon Experiments
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PandaX: Dual-phase Xe TPC

* Paired scintillation (S1) and ionization (S2) signals

— Precise energy measurement and 3D position reconstruction

— Discrimination of nuclear recoil (NR) and electron recoil (ER) signals
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PandaX detectors

* Increasing the detector sensitive target volume PandaX-xT
* Lowering the radioactive background PandaX-4T
3.7 tonne
PandaX-Il
580 kg

PandaX-I

PandaX Start
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PandaX @ CJPL-II

China Jinping Underground Laboratory
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PandaX-4T Layout
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PandaX-4T Physics Run
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WIMP-Nucleus Scattering

* Cross section exclusion @ 40GeV/c? : 1.6%X10*cm?

 Leading constraints for DM mass above 100 GeV/c?
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Towards Low Mass Dark Matter

» LXe sensitivity decreases significantly for DM mass < 10 GeV/c?

* Limited by scintillation light signal detection
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Low-threshold Detection

* Low threshold detection: NR threshold ~3keV = ~0.3keV
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Low-threshold Detection

* LXe sensitivity decreases significantly for DM mass < 10 GeV

» Limited by scintillation light signal detection

e Low threshold detection
e Solar 8B neutrino CEVNS
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Low-threshold Detection for Low Mass

» Extending L Xe high-sensitive region to 2—6 GeV/c?

e SI ~10-41-10-*4cm?, SD-neutron ~10-3°cm?, SD-proton ~10-33cm?
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WIMP-Electron Scattering

* Probing DM mass ~100MeV/c? in LXe

* Heavy mediator or light mediator
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Accelerated Low Mass DM

* The Universe is a big accelerator, accelerating light DM based on the same interaction

* New constraints on the cross section for elastic scatterings between cosmic-ray boosted sub-MeV

dark matter and electron

 Stringent constraints on solar boosted DM in [0.02, 10] MeV/c?

R B roor T rrry o rrrr L N L 10_36
10—28 R <_ .
DG di\l';l\'mu'cdé gy
10-30 ? 510
g
: : 1 —38
— 10-32} ; 510
NE - PandaX-4T 2 =
9 : 2 ——— XENONIT ($2-only)
~ 10-34k - : i g 107E = PandaX-II ($2-only)
| 6{ RG disfavoured: e = XENONI10 (S2-only) (Essig)
S o r Freeze-out
1036 - 5 10_405 CDEX-SBDM
2 = H.P.An-SBDM
«— P = I PandaX-4T (S2-only)
1 0_38 BBN+CMB4 2 10~4 RG disfavoured
: disfavoured A e This work
40 : (my < 10 MeV) Sensitivity band (+10)
- et L] ettt ettt ettt —42 O I 1T T I T O I T N AT
10 10~ 107! 10" 10° 10° 103 10700 o 1 10 100 1000
DM mass [ke V/c?] DM mass [MeV/c?]
Cosmic ray electron boosted DM Solar boosted DM

PandaX Collaboration: PRL 133 (2024) 10, 101805 PandaX Collaboration: PRL 134 (2025) 16, 161003



Multiple physics in a wide energy range

* Rare signals in wide energy range

* Natural liquid xenon: multiple double beta decay isotopes

sub keV 1keV 10 keV

Natural
Xenon

Solar Axion

WIMPs, boosted dark matters,

Solar pp v

<
=
% . S
3
\P@ 0‘{.\(‘
S Qj‘
Nuclear decay

18




Majorana Neutrinos

* Extended the energy range from keV to MeV

* First measurement of 36Xe 2vfBf from natural xenon detector:

T2FF =227 + 0.03(stat.) + 0.10(syst.) x 102! yr
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Majorana Neutrinos

« 36Xe Qv search: Tlo/vzﬁﬁ > 2.1-10%* yr

+ 134Xe 2vpp and OvBp search: T/ > 281022 yr and T,)FF > 3.0 1023 yr

o 124X e 2vECEC half-life measurement: 1.03 £ 0.15(stat.) £ 0.06(syst.) X 102 yr
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keV-MeV Energy Range

* The detector response and background model 1n high energy range
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Axion-like Particle / Dark Photon

* The stringent exclusion limits within [ keV/c2, 1 MeV/c?]
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Future Plan: PandaX-xT

* With ~40 tonne sensitive volume

* Key tests on WIMP and Dirac/Majorana neutrino

Outer VETO: 3000 m3 of ultrapure water
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PandaX-20T: Intermediate Stage

PandaX-xT

* Multi-physics targets

PandaX-20T

* Energy range 100eV — 10MeV

e Estimated timeline

* 2026: move to CJPL and assembling

* 2027: commissioning

T T T

el H =T R
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PMT Array in PandaX-20T

* Larger area, lower background, higher spatial resolution PMT arrays

* 2-inch R12699 PMT

PandaX-4T © 169 3-inch R11410 PMTs
In top array

PandaX-20T : 616 2-inch R12699
PMTs In top array

25



Novel 2-inch PMT: R12699

PandaX team & Hamamatsu Photonics

K.K corporation

* Low background

* Compact, high granularity, 4 individual

channels

* Quick transit time and rise time

Parameter R12699-406-M4 R11410-20 Unit
Luminous (2856K) 95 90 uA/Im
Cathode Sensitivity
Blue Sensitivity Index 10.0 10
Anode Sensitivity Luminous (2856K) 140 315 A/lm
Gain 1.5 x 10° 3.5%x10°
(et 30min. slorage i darkness) 15 10 A
Rise Time 1.2 5.5 ns
Time Response Transit Time 5.9 46 ns
Transit Time Spread (FWHM) 0.41 9 ns
Uniformity Between Each Anode 1:1.5 -




Novel 2-inch PMT: R12699
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0.00 : mm —t o
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R12699 electrical performance
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* Comparable gain and AP
* Low DCR
 Stable at -100°C

N
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Numbe&of PMT Channels

[K%]
(=]

Number of PMT Channels

. e BT . . . L

. 6- 0 5 10 15 20
Gain [107] Dark Count Rate at -100 "C [Hz]

PMT models AP probability DCR/channel [Hz] | DCR/area [Hz/cm?]

R11410-21 (XENONIT) 5.8 x 10° at 1500 V 1.4% 0.97
R11410-20/22 (LZ) operated at 3.5 X 10° - - -
R11410-23 (PandaX-4T)  operated at 5 X 10° 1% 20 0.44

R12699-406-M4 4.23 x 10° at -1000 V 0.5% 2.5 0.32
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Prototype

* Position reconstruction test in a small array
* A prototype detector with 800kg liquid xenon are operating in Shanghai

* Xenon environment verification
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PandaX-xT Layout @ CJ PL-II B2 Hall
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PandaX-xT First Open Meeting

PandaX-xT First Open Meeting

Apr 10 — 11, 2025 Q
Tsung-Dao Lee Institute
Asia/Shanghai timezone

PandaX Project Timeline 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042

Operation of PandaX-4T, and R&D for the
upgrade

Project Phase-l: construct and operate
PandaX-xT; procure xenon by stages and
upgrade detector along the way while
keeping high running-time; 20T => 43T

Project Phase-ll: with isotopically
separated xenon (versatile configurations)




WIMP Search

* Run0 + Run1: 1.54 tonne-year pe® e L, .2 220 0 o ___
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