PandaX-Eﬂ:ﬁﬂTIﬁH E/E:B'Z*EI'J
F%ﬁﬂ¢ﬂ%&%wA

F 5
X & PandaX&- 14

202558 521 H
Ft-EEELHESERUFHTS

taoli@sjtu.edu.cn



PandaX - "article « strophysical enon

siINAP CNNC §;I7k'§

»

BN

/ / ’ ‘ 1

1
..... TRREETEIPIA T

16X AR08 2 A E

2025/8/21 F+=EeEsHSERNSFTS 1

e > — - — ~. —




PandaX @ CJPL

HESRFE TIE=E

@ Beljing )
1ti
HEBEI & Dalian
ANET
SHANXI Jinan ¢
i1
SHANDONG
Yellow S
O RSP : HENAN
JIANGSU
Nanjing =
R :
HUBEI il Shanghai
Wuhan  ANHUI ' AW
Q .-u
SICHUAN X
China-Jinping ? el
Underground Liaboratory
Y '
"4 \( GUIZHOU HUNAN JIANGXI
|
FUJIAN
5 Kunming glj[l):el
YUNNAN * REATD
GUANGXI GUANGDONG Taiwan

M Shenzhen |
B 1 o



R ERI=XKiFit

R

SIS

T
Canada
WIPP
USA
@ Soudan
USA
Kamio
aaaaa

=10

n
~

E °

S oulby

% UK

S

<1 LNGS
s F ol
H]

13

ES

g1

Sp. e (m3)
c 0 O ..
2x10° 3
1

MMMMMM

aaaaaa
Russia

nnnnnn

2,000
12,500

Sanford Lab, LZ, 7 ton "~

2025/8/21

o o
(W) UBPANQIBA0 Y20y

Suomi

CIPLE AR ENTHETER, HiEIEY
o T OME &SR T BN STRI.

LNGS, XENONNT, 6.5 ton

B4+ = BeELHESEENE T2

CJPL, PandaX-4T, 3.7 ton



PandaXSZIEERHE

SEFAMEREERA $ o
> REGIAREAE PandaX-4T

(3.7 tonne)

> ISR K AU PandaX-Il

580 kg
PandaX-I|
120 kg
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Distillation Electronics and Cryogenics and Clean Room
Tower DAQ System Circulation System |

|

Xenon Gas Storage System

Xenon Emergency
Recuperation System

Water Shielding Tank —+—@
®: 10m
H: 13m

Dual-Phase Liquid/Gas
Xenon Time Projection Y
Chamber (TPC)
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Commissioning (Run0)
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Tritium removal
xenon distillation, gas flushing, etc

Physics run (Runl)
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xenon recuperation, detector upgrade
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134)e 2vBB/0vBp ) MeVEEKX

WIMPs, ALPs, DPs, hoosted dark matters...
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enon
keVEEX <mm Solar pp v
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> Run0 +Runi: 1.54E IR =

> Xt BT <K& R A9 R i -
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> HFME| KBHT-8F {55
RBEEILEZ] 2.64 0;

R FEEAHB.4 +3.1)x10° cm2s1;

Best-fit 8B yield:

Paired: 3.5 £ 1.3 evts
S2only: 75 £ 28 evts

> ppHHFRENE:
pp solar neutrino flux:

(8.0+£3.9(stat)+10.0(syst))x101° cm2s1
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PRL 133, 191001 (2024) o 5 i 75 3% 25

inese Physics C
Energy

clear Physics

s st o

CPC 48, 091001 (2024)
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Neutrino energy (MeV)

B16-GS98 prediction

<—| XENONIT

PandaX-4T (2023)

PandaX-4T (paired & US2 combined)

Solar 8B v flux [x 106cm 257 1]

SSM prediction

—e—  Gallium experiments
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—— Borexino
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136 FFHME (Runo) : 136 3 HAPR%El (Run0+Runl) :
> 1¥Xe 2vppB 21 > %°Xe OVBB TP > 2 1x 102 yr (90% CL
2.27 + 0.03(stat.) + 0.10(syst.) x 102! yr 1/2 X yr (90% CL)

E"I\E? BRARXENNESER; BAREE & RS =HRE;
IR TREIE: 440 keV-2800 keV;

2.27 +0.03(stat) + 0.10(syst) x 102! year 0.08- R
e - 136xe 13683 13683
‘ PandaX-4T, 2022 A 0.06
o )
ﬂﬁ EX0-200, 2014 < 0.041
% KamLAND-ZEN, 2019 0.02
NEXT, 2021 ) oy
| i ¥ Erec2058leV pr Samms 00 05 10 15 20 25
210 > 2 5 4 5 6 2 8 3 0 32 Sum of two electrons' energy(MeV)
_ 21 .
Haltife (10°' veaResearch Vol 2022, 9798721 (2022) Sci.Bull. 70 (2025) 1779-1785
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:|= ﬂgq B&%IJ (Run0 ) Q=2457.83 keV “\\ o ¥ 760.493 keV

KEX 0T K SHIBRFIE 2P0 > 75x 102y R
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FEWE DS ™ JHEP 05 (2025) 089
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PR, BREAE. ZYEBRKERNFES.
1. MEEMR-ZFREEASEGRNRSEAR P 7R, MWIMPREERR;

2. FIAVXefYNLDBDX R FHIDANMEMHITEIeE, BERERFNSHZHE;

3. TRMREABRMEMAXEYRENREPHTFFERFTYERES;

Outer ‘*E 107%
Vessel o
IVETO g 10~
iy 102 N 4
Inner Cu o
Vessel § 1079} Inverted MO //
Top % § [ - -
—46 |
PMT Array g 10 g I ;
pot as e ‘ . :
Active Volume S 10747 ¢ 3 § - ~Baseline Scenario
5 101 k Ideal Scenario f ~
Bottom = _48 VS ! |
PMT Array g 1077
S 107} .
= Neutrino floor Normal MO
7 1070 e 0 . { ¢ o% oppeees  poua
10 10 10° 10* 10751 100 101 102
WIMP mass (GeV/c?) Myightest (MEV)

SCPMA 68, 221011 (2025)
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>»PandaX-4T
« 2025F R E R IBIETT;

>»PandaX-20T

« 2026 E NIX SRR IR 35
.« 22TEEFFIEEFT PandaX-20T

PandaX-xT

»PandaX-xT

« TPCR~f: 2.55KEHR. 295XK5E
« 4THEE AR, 430 REUATR

« FMSEE: 100 eV - 10 MeV
o« HIEE: 1%@2.5MeV; sub-cm;
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> SRHRIZ0 Q'x2Y), 10 mEkPRERER; - BEAOHIEE, TEKE
> BERARE<10 Hz/EiE, EFHE>30%@178 nm; y | e 8 7o
> AT HORT R A T TR B = i

Parameter R12699-406-M4 R11410-20 Unit
Luminous (2856K) 95 920 UA/Im
Cathode Sensitivity
Blue Sensitivity Index 10.0 10
Anode Sensitivity Luminous (2856K) 140 315 Allm
Gain 1.5 x 108 3.5x10°
(after 30min. storage n carkness) 1.5 10 nA
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
> BRI B A IR K
Unit: mDRU ER NR
Background level R12699 R11410 PMT (514 1.2) x 103 (2.3 +04) x 102
PTFE (2.1 £0.3) x 10~° (8.4 £ 1.3) x 10-6
Co-60 <0.07 1.16x+0.72 Copper (1.6 £ 0.2) x 10-6 (7.2 + 0.5) x 10~8
i Vi Inner vessel 1.8 +£0.8) x 1073 1.4+ 1.2) x 1074
RadloaCtIVIty Th-232 <040 4331216 Outer vessel 52.6 + 1.3; x 1073 E5.2 + 1.9; x 1074
[mBq/pc] Total Material (9.5 + 1.9) x 103 (9.1 + 2.2) x 10 2
U-238 0.47+0.11 26.29+16.90 PandaX-4TH PMT+Base iRk 7 — E R MR B A .
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> BRENBEE > BA/SAEHER; e

Feedthrough &

> 53000388 TSR I ; v sapine
> GEBEEICE, NEEREERE.

2" PMT Array
Base side: 70 mm

PMT side: 56 mm
Active side: 48.5 mm

Top PMT Array

Colors: Positive HV

1l-inch_deviation_hist map

3—inch_deviétioh_hist_map 0.551
Onist =U. mm

Opist =1.238 mm
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PandaX-20THH#El

S BEBR-R%

>FHEZ TRENE > = B

S kV V/cm (PE/keV)
RN —@}?lﬁi
SENEZ M (counts-min-1-cm-2) - 0 0 6.48

L R — B BRI 0.536+0.010 RERITER 87 4.49
28 [N ER W % 0.525 -5 435 3.10
-10 870 2.83
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> BB XeTHFHFNINEBERTHEES;
> W AR RS A JE 5

> 140 kg, 10 bar, 90%E f13¢Xe;

> 52EMicromegas, 3mm#&iLd ;

E-280
2
s _300
<
\“ [\']
]
! =320
—340
-360
1 1 1 1 1 1 1 1 1
440 460 480 500 520 -160 -140 -120 -100 80
X-axis (mm) X-axis (mm)
SATPCRIZIE B ENR B EZENHARA MicromegasfE @S E FREMMNA RS e#
1 202548 H22H 08:50 = 2025%8H22H 09:30
D 20m ® 20m
REA REA
‘ L FE ‘ 2L Yunzhi Pen

‘as® ’
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KRR ERE L

> BT NHERRE]

mmmm KFBF Track

> ESEARENERELIT:
A /KEFHA A 152 CPY

= (Geant4 Track

@ Birch Clusters

Readout Points

=2 5532 . 0 =
780 Background M [ B 1|:| ?&iz : 50%;
760 6 Nh=
£ ¥ \ B 0
» 1 T100200] [l - AJEFE: 0.32% (0.48 CPY)
0 wle || (010020 | [yl 0
£ (2] 00100 A\ [2]k—1 0 > 5 . [ wocut [ wocut
£ . .
N 700 = : [k 000100 |[ules| e ol £, Signal I wiBBew | 73 10% Background = wi BB cut
r 1 Slgnal 4 [ wiBDTcuts | 4 [ wiBDT cuts
esol 1 | =, [uy |k 000010 |[uylk—1 G(0, [0y]k) B 3] g 104
e , fwde]|  [00000 1] [[u]e—1] | LG(O,[6:])] g g b ——
6601 | be___1 827 3102,
;“:|___I 1 8 h_,_
6401- —
Secondary Track of Background T w w 1 \ \
550 =500 450 ~400 2400 2440 2480 2520 2400 2440 2480 2520
X [mm] Energy (keV) Energy (keV)
— p— In2 Naea [M-t JHEP 06, 106 (2021)
IK E EIJ li' @ 1E 'L-I- — . A c i - Overall background Sensitivity
1/ 2 = W b . d E orpatation - efficiency counts (90% C.L.)
This 8.8 34.7% 2.4 2.7 x 102 yr
work
\, 2y .
«  HEBR RBUET[IA 2.7 x 102° y (90% C.L.); ];‘r’;ﬁ? 2.8 35.0% 25.3 9.8 x 102° yr
v =" =]
s ERIMNEZNARE, REUETMREA2EIRE. ‘g‘:ll;;y 3.3 23.2% 7.6 1.1 x 1026 yr
2025/8/21 F+=EEEEHIERVEHNS 26
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PandaX-4TiRERYpIBER

Dark Matter

Dark Matter <J;; e

p/’o fo N B

0y

§0 ‘ [
e

Xe Nucleus

Run0+Run1 combined 1.54 tonne-year exposure PRL 134, 011805 (2025)

Limits on the luminance of dark matter

Leading constraints for WIMP mass above 100 GeV PRL 134, 071004 (2025)
Leading constraints for ALP and dark photon 150keV-1MeV ~ PRL 134, 041001 (2025)
Competieve constaints on axion, neutrino magnetic moment, etc

First constraints on DM charge radius Nature 618, 47-50 (2023)

Majorana
Neutrino

134y 1345
»

@c o
¥ Emnax=825.8 keV

First 134Xe 2vf33 and OvBp search from natural xenon detector

Leading 136Xe OvBB constraints from natural xenon detector

ROI: 200 - 1000 keV PRL 132, 152402 (2024)
90%CL limits on half-life 7./F > 2.8 1022 yrand T}/* > 3.0- 102 yr

90% CL limits on half-life T4, > 2x10%4yr Sci.Bull. 70 (2025) 1779-1785

. .. v Astrophysical
L Neutrino

First indication of solar 8B neutrinos through CEVNS

First search of solar pp neutrinos in xenon detector

2.64 sigma significance PRL 133, 191001 (2024)
Two ROl regions: paired (3.5x1.3 events) and S2only (7528 events)

Flux: 8.0+3.9 (stat)+10.0 (syst) 1010 s~1cm2 CPC 48, 091001 (2024)




ABHE-SHRFRM

> 5B R X A BHA-8 A i B9 R -
EEFIAE] 2.64 sigma;
RMFEEANR4 £3.1)x 10°cm2s;

I Cathode

2™H _ | Bestfit °B yield
%m Paired: 3.5 + 1.3 evts
2 S2only: 75 + 28 evts

Tooe. T .. . 8
Cora r P |—o—| B16-GS98 prediction

4 -

L ke <—| XENONIT

<

S P

2 andaX-

; 2 . PandaX-4T (2023)
——- 8BCEVNS lo MD 1o _ I ® I PandaX-4T (paired & US2 combined)
B Cathode 1o . Data p Number of electron in 4 to 8 e , I , I , ,

6 g 10 ) 7 50 oo O 5 10 15 20 25
Number of elect S2 Counts/0.5 -2 —
umber of electrons (S2) ounts/0.5us Solar 8B v flux [X106CH1 2S 1]

PRL,433, 191001 (2024) B4 = Ee E AR SHERNETITS 31



cascade X-ray / Auger electron

...\
M~ M-shell
L= ~1keV
K
K-shell
~32keV @
L-shell

124Xe 124Te 124Te

e v0 N |
9 c®
—> —>
X-ray
) [ ¢
" 9 ", "

Double
Electron
Capture

- -124WE T2, BRNEMNRKERE 5
* Q = 2857 keV g s
* Auger electron & X-ray cascades iy

* XENONNT: Ty, = (1.18 + 0.134, £ 0.14,,) x 102 yr  ©
[PRL 129, 161805 (2022)]
o LZ: Ty = (1.09 £ 0.14,,, + 0.05,,

J.Phys.G 52 (2025)1. 015103 30 “ 50 %0 [
[ RRL, 733" 100% (2024) | H1 = Re EAE STARNETITS L

) x 1022 yr
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* Default: Waveform digitization with 500 Msps

* Proved technology and solution
* Readout channels: ~10000
* A large number of coaxial cables and feedthroughs

Feedthrough . Decoupler& . FADC

Amplifier (500Msps)

e Under R&D:

* Multiplexing, base linear study, and dual-gain readout
* Pre-amplifier ASIC @LXe, allowing long flat cable option (>10m)
* Digitization (@ LXe, reducing coaxial cables and feedthroughs
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i 1185mm |
_____ [ 1 [ 1 [ ] [ ] [ P’Y‘M‘I -0.8"kV_| [ 1 1 [ 1 [ l__T_
48mm
grounded anode
v
6mm
gate case gate '
204mm
115mm
cathode case cathode
30mm
grounded Bottom screen .
__________ 5mm

[ 1 [ 1 [ 1L 1 [ 1 1 [ 1 [ 1 [ 1 [ 1 [ 1 »
PMTs* shell, -0.8kVv

Electrodes style:
all mesh, size: 200um gap 5mm
PMT: R12699
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