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DM: low hanging fruit?

DAMA PRL 105,131302 (2010)
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ULTRALIGHT
DARK MATTER

10-21 Mass, in electron volts (eV)
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What Could -
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Neutrinos are Dirac or Majorana?

Neutrinoless double-3 decay (OvDBD)
© '

From Physics World

Majorana neutrino may be an important link in connecting to matter-antimatter
asymmetry in our universe.



article strophysical Xenon observatory
Collaboration formed PandaX-| started PandaX-Il, 580 kg operation
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PandaX-| apparatus PandaX-I, 120 kg PandaX-4T
moved to Jinping operation moved to CJPL-II
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PandaX Collaboration




Global context
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Distillation Electronics and Cryogenics and Clean Room Xenon Gas Storage System
Tower DAQ System Circulation System
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Xenon Emergency
Recuperation System

i
Water Shielding Tank ———®

d: 10m
H: 13m

Dual-Phase Liquid/Gas
Xenon Time Projection ®
Chamber (TPC)
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Data taking interleaved with
surgerles and lab Constructlon

Time Activity

2020/11- commissioning (Run0)
2021/04 95 days

2021/07- tritium removal
2021/10 xenon distillation, gas flushing, etc.
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2021/11- physics run (Runl)
2022/05 164 days

CJPL B2 hall renovation
Xxenon recuperation, detector
upgrade

2022/09-
2023/12

2024/01-
2024/07

Current
status

resuming operation

physics data taking (Run2)




Many physics opportunties
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ER Rate [mDRU]

S2-only approach
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Tight limits on DM-e scattering
with S2-only analysis

PRL 130, 261001 (2023)
(A) Fpm =1 (B) Fpm ~ 1/q
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Calibrating PandaX at MeV
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Understanding background at MeV

JHEP 05 (2025) 089, arXiv:2502.03017
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. Shiny again

2024
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Newly implemented water veto
detector

* Installed 270 8-inch
PMTs in late 2023

 inner layer: 2 m
radius, about 1 m to
the outer surface of
the LXe cryostat

 outer layer: 5 m
radius

e Seeing muons,
seeing neutrons'!

 Future: directly
measure
atmospheric
neutrinos with 4000-
ton water detectors

22
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PandaX-xT

A multi-ten ton liquid xenon project at CJPL-II

1. Searching for DM-nucleon interactions to
neutrino floor, a decisive test on WIMP
paradigm

2. A sensitive test on Majorana nature of
neutrinos using the OvDBD of 13¢Xe, covering
Inverted neutrino MO parameter space

3. Detecting low-energy neutrinos from the Sun
and other astrophysical and terrestrial origins,
and exploring other ultra-rare signals.
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Next Generation Xe

PandaX-40T

PandaX-XT: step-wise
strategy to a 40-ton-scale
LXe observatory at CJPL

PandaX-20T (2027, mostly funded)

PandaX-4T




PandaX-20/40T @ CJPL

Outer VETO: 3000 m3 of ultrapure water

Middle VETO, 1000m3 of ultrapure water

Inner vessel,
Cu, 3-ton

Outer
vessel,
15-ton
Stainless |
Steel ‘ 40T LXe
(vacuum- ‘ TPC, \ Photosensors

jacketed) |  2.5mx2.5m

Inner VETO: liquid
scintillator, 30 ton




TPC development

» Field cage: Kapton
film with copper
embedded

« Supporting structure:
low radioactivity
PMMA (developed In
JUNO) or PTFE

* 400 kg prototype
TPC under
construction @TDLI

« 2.6 m electrodes
built and tested




g

New photosensors

versions (v1/v2)

nm > 30%
e arXiv:2412.10830, NIMA

10 m? top/bottom coverage
Hamamatsu R12699 (2°x2"), iterated two

Dark noise <10 Hz/channel, QE @178

BN Co-60
Th-232(1)
U-238(l)
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Iguid Xxenon storage and
handling
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Each storage tank: 6-m3 (maximum 18 ton) of LXe
Cryogenic pump: filling/emptying detector @ 1.5 ton/hour.
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Cryogenics and recirculation

 Flexible with redundancy
« Cooling Power:

= 1500W@178K (GM cooler)
+ others

 Online purification speed:

3.5-ton/day for gas, 8-ton/day
for liquid

29



Distillation towers

Inner tower

Rn distillation tower : 850 kg/hour.
Target Kr concentration in Xe: 0.01 ppt Target: 0.5 uBg/kg




“Baseline” background

Component

Photosensors

Inner vessel

Kr

Background assumption

U/Th/K = 0.02/0.01/1.5 mBg/cm?
Hamamatsu R12699 prototype

U/Th/K'5 ppt (g/g)

0.01 ppt (mol/mol)

0.5 uBg/kg
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Physics reach

Dark matter sensitivity Majorana sensitivity

| PandaX-xT 3o Discovery Sensitivity

Baseline Scenario Ideal Scenario

lnverted MO

. Normal MO
Neutrino floor
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Complementarity with
XLZD/ARGO

* Friendly competition good for the science

 Data taking in parallel => increase the world data for global
analysis

* Different experimental sites/detector design features/background
= Cross checks

 Learn from each other’s lessons and technological breakthrough

« Joint force In a general way

33



Schedule

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
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PandaX-xT first open meeting
(Apr. 7-11, 2025)

« Afew groups in Russian, Japan, UK (more on the neutrino side) expressed some interest of
joining force

« Applying for NSFC-CJPL international cooperation “incubator” funding

35



Summary

« PandaX-4T has developed a very rich physics program in
DM and Neutrinos(!)

 Technically: developing more and more sensitive
detectors

* Physics-wise: stronger connections with theorists

* A pragmatic approach with a stage-wise upgrade to
PandaX-xT aiming for VERY exciting physics

* Next stage: PandaX-20T
* Highly welcome collaborators

36






or Neutrino Event

Mon, 25 Aug 2025 22:50:45 Mon, 25 Aug 2025 22:50:45
RecEnergy = 6.3 MeV RecEnergy = 2.4 MeV ...

x

RecVertex (-9458, -9707;

Prompt e+ signal Delay neutron signal
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alibration

1D, 2D, 3D scan systems using laser/e*/y/n sources + n/a. background events

Calibration position performed Source at CD center

spool |1 N ' : T T
° i‘" Automatic Calibration Unit R UYL Preliminary

—

T™=ROV guide rail

Calibration house
Central cable
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Side cable

MC Data
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source storage
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- ---- Non-model line

AmC (n-H Capture) at CD Center
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eanh Detector \‘

¢ VETO Water: (17.6m<R<1?.69m; 0.7<E<6MeV)

U/Th<0.4x10>g/g, 222Rn<10 mBqg/m?3, 22°Ra<1 mBg/m3

¢ All detector materials are clean and water shielding works:
Single rate <7 Hz for R<17.2m & E>0.7MeV (design 7.2Hz)
Good enough for reactor neutrinos

¢ LS very close to Borexino, further reduction after 222Rn decays
238y<3x101" g/g (low radon region)
232Th<1x101° g/g (R<13m)

210po<1x10° [cpd/kt]
Radiopurity control of raw material: Radiopurity control:
v’ Meticulous Monte Carlo Simulation for » Leak check of all joints (each < 108 mbar-:L/s) for 222Rn and 85Krl
proper distribution of radioactivity budget » Cleaningand washing of all pipes & vessels to remove dust (by

check water/LAB cleanness)
» Clean room environmentduring installation I
» Acrylic Surface treatment and protection(Rn daughters) ‘
Better than spec. by 15% ! JHEP 11 (2021) 102 » LS fillingscheme: water replacement and water washing

v’ Careful material screening

v’ Accurate detector production handling

Recirculation probably impossible, unlike Borexino, KamLAND, SNO+,...



