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PandaX: Particle and Astrophysical Xenon Experiments

GO AT« 16 institutions, ~100 collaborators
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’f’: Univetsity and Yalong River - P H N D H H

Hydropower Inc. ° cJPL: Deepest (2400 m rock, 6800 m.wle); PARTICLE AND ASTROPHYSICAL XENON TPC
' - PandaX-4T data-taking is ongoing now. ‘
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Dual-Phase Xenon Time Projection Ghamber

IE e Liquid Xenon Properities

E_,,l

U Large atomic number Z = 54; High mass number (A) = 131.3
O High density @ 177K, (p) = 2.86 g/cm3

1 No long-lived radioisotopes in WIMP ROI

DM O Efficient UV scintillator (178 nm)

Liquid Xenon As DM Detection Medium

O Maximised interaction cross section for WIMP (o< A2)
O High stopping power and self-shielding

O Ultra-low intrinsic background

PMT array

(] Scintillation and lonization Combined: Discrimination of nuclear recoil and

electron recoil; 3D position reconstruction

1 Scalable — further sensitivity improvement https:/indico.bnl.gov/event/9858/
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Nuclear Recoil VI.S. Electron Recoil
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/ 1. The ratio: (S2/51)gr >> (S2/S1)nr (NR has lower ionization rate but higher charge density);
2. Most of the backgrounds are ER events. exploring the ER region also holds promise for discovering new physics.

3. ER and NR response are calibrated separately: 20Rn (ER), DD + AmBe (NR);
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Rich Physics with Electron Recoil Data

136Xe 2vBB/0vep
134X e 2vBB/0vEP
e -
\atura .
Xenon
L s

27/08/2025 5



Data-taking of PandaX-4T
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1. PandaX-4T has finished two phyiscs runs: Run0 and Run1, a total exposure of 1.54 tonXyear

after removed low-quality data;
2. RunO results published @ 2021; Run0 + Run1 combined blind-analysis published @ 2025.
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Background Model for keV region

Run0

Accidental
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Material
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1. Energy Region of Interest: S7 > 2 Photoelectrons (PE), £,.: < 30 keV, and ER 99.5%

acceptance;

2. Background Composition: Tritium, 214Pb, 8%Kr dominates the background level
* RunO0: 0.20 events/day/ton/keV Run1: 0.14 events/day/ton/keV
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Tritium spectrum identified in the data;

Likely originated from the tritium calibration at the end of PandaX-Il;

Estimation of tritium level in Run 1: fitting S1 spectrum, keeping S2

Been suppressed by a factor of 5.
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Run 0 7.07 = 0.02(stat.) = 0.23(sys.)

Run1i 8.67 = 0.01(stat.) = 0.27(sys.)

27/08/2025 9

3 10°

-10°

Counts / 4 keV

-»-Data —BestFit ==+ *Xe2vpp - "¥%e ovBp

4
10 ¥?/ NDF =1.13 '"*Xe 2vpp — “"pp 212pp S Kr
1 03 —— Other Xe —— Material
10?
10 e E
s j,;’."‘ <3
1 Y
55== I R | | | : ;:::E
Oéo'.' (LN w '.0'0 " . ‘,.o.:..‘:‘..l 0. .' ..’.‘.* ..;). 'o’ . ...' ~. “~ ‘
e o e R oo’ s.' -~ &, e .
—5“....|....x..-..1....1..;.1....1....1....
200 300 400 500 600 700 800 900 1000
Energy [keV]

Depletion effect: decreased concentration of longer-lived

daughter nuclide compared to the parent;

Side band fit to determine exact contribution: from 200
keV to 1000 keV.



Best-fit of keV Background Model
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Run0 Runl
Run Expected Fitted Expected Fitted
Tritium ‘o 578.6 £ 32.5 Co 118.4 +31.1
214py, 327.2+18.8 328.0 + 17.1 724.0 + 61.5 700.3 +£45.3
212py, 57.8 +14.7 573+ 14.1 103.3 +26.9 96.5 +23.8
85Kr 94.2 +47.3 87.3+31.2 308.1 +£95.2 272.2 + 589
Material 494 433 49.5 + 3.1 111.7+9.9 1059 +7.8
136X e 36.9+25 369 +24 66.2 +£5.9 62.3 +4.6
127X e 6.1+0.3 6.1+0.3 0.0 +0.0 0.0+0.0
124% e 23+0.6 23+0.6 40+ 1.1 39+1.1
Solar v 43.0 + 4.6 429+45 76.8 £ 9.4 72.6 + 8.1
Accidental 7.6+2.4 7.8 +2.1 71+23 70+1.9
Total 1196.6 + 32.6 1439.2 +36.2
Observed 1197 1431

* A combined fit of Run0 and Run1 in 1D energy space;

« Tritium is set to free in fit;

* No excess found: consistent with background model (p-value = 0.16).




Solar Axions
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Light Dark Matters
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Rich Physics with Electron Recoil Data
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Solar Boosted Dark Matter

Light Dark Matter scattering off free electrons (heavy
halo 1 2 = . =
XDM Epy ~ 5mpmv” ~ 5eV mediator) in the Sun generates a new (more energetic)
. component of the flux.

> Dark Matter mass:

_______________ @ 10keV-10MeV

Solar electrons Eref] : > Energy deposition:

10 to ~103eV

27/08/2025



Solar Boosted Dark Matter

o = Nr®hato 5 T [ daa s @20 1Foni(@)? - [ ap” Mg’fm . Fa(E)
:I > lonization Form Factor { > Dark Matter Form Factor
v Depends on momentum transfer g and final state v FDM =1 heavy mediator(contact
electron momentum. interaction)
v DarkART (used) same as CRBDM v FDM ~1/g2 light mediator
___________________________________________________________ B
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Solar Boosted Dark Matter

The details of the simulation
From Haipeng An’s team

1 08
1026 Ne
n—1 n n+1
7
25 a P =T, xAl/v,
10 : k1 c
& 1108 ° - 2
i o No Scattering -~
E 102 é T(n), ne.(n) scattering happens q':Sg
&2 10° Angular dr 2
momentum 4 gh
10% 104 conservation dqdcosbq 3
g
>
102 . ; To the next layer
10* 10° |
Distance from the center (km) Gravitational effect inside the Sun.

> temperature and electron density distributions are isotropic.
> divide the Sun into slices.
> Gravitational effect considered in an effective R = 4R_sun ]
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Solar Boosted Dark Matter
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> Solar Reflected DM Flux

—— (0.025,107%)

10 ——  (0.25,107%)
) _ — (05,107%)
— 3 -39
T — (1.0,10%)
_4: =Fa.a "“"“"‘"“nvuuu‘:,:::?f .

Normalized Distribution (eV™!)

~== (0.025,1077)
(0.25,10737 )

== (05,107%7)
(1.0,10737)

17




Solar Boosted Dark Matter

Phys.}pev. Lett. 134,.161003 DAMIC-M Phys.
1

02456 Rev. Lett. 135, 071002 ., tpg experimental search results using the xenon detector

yield the most stringent cross-section for mass ranging from
0.02 to 10 MeV/c?
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Backup
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Updates in Data Reconstruction

164keV centerE vs runNumber
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Building the Background Model

1. Material Screening and 2. Fiducial Volume and

Geant4-based Simulation Quality Selection
* HPGe, ICP-MS, etc * r - dependent material

 BambooMC background
e » S1/52 pulse shape and hit

e » 15 patte n

7 Ny b = > Sl
i -
12t = s s WA A
I e e i e ) T
g S N e = P P R ol A
3 =

3. Side band analysis:
 high energy alphas in
decay chain
|  spectrum fitting in high
| energy: uncertainty
reduction

27/08/2025

Counts / 4 keV

Res [o]

400

II|III|II.N|II\|III|II|3\

— Other X — Material
10°
102 ‘k‘/’é’f — A A
S : —
SLELALTY SEE . ]7 -
10 i e N
T SN
IJ‘?{TI‘Ill
5 - - ;
".;"o.‘.o.;\f .'.ld' 0."’..“"0.' A .'.' PO AP .i
0 - O -’.~ C O ..o.."'c \-s...- o .0' .‘\ PR e o N,
.~ . ot %, . . o . . .
By gy foogeoyeegeengeedeogengregeengeedeyregeengeegperengengeeegeengee g ngeegeny

200 300 400 500 600 700
Energy [keV]

i
800 900 1000

22




600

85 £ L Ryt
Kr10.79y o - B—vy | accidental
0.437% e .S events events [ppt (10 12)]
Qz=173keV - .t

[mm]

22

Run0

99.563% — 54 ssmRh 1,015ps - Runt Run0 0142004 05=0.3
Qy=687keV w0 ) i
onf . ‘ ] Runt 12  025x005 09z03
- .- %5Rb stable _600_||||I||||I..||||I||||I|||I||||I||..><103
0 50 100 150 200 ‘ 250 300 R2 [mn?z]SO

a typical waveform

52 | | \ — r = | Ir | 1. isotopic abudance: 2x1011
100 v £ S2 2. B — v coincidence events with a branching
150 p81IN y $1 \ - ratio of 0.473%
-200- : v 4 3. Limited statistics lead to a large uncertainty
oo

52,055 60,000 80,000 00,000 120,000 140,000 160,000

27/08/2025 23




Solar Boosted Dark Matter
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> Assume the temperature and electron density distributions are isotropic;
> The first experimental search results using the xenon detector yield the most stringent cross-section
for mass ranging from 0.02 to 10 MeV/c?, (23 fold improvement compared with earlier studies)
arXiv:2412.19970
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Neutrinoless Double Beta Decay of Xe-136
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Improvement to our previous PandaX-ll results by an order of

magnitude and to the XENON1T results by a factor of 1.8

27/08/2025

136

Science Bulletin, 2025.03.009
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Measurement of 2vDEGC Half-life of Xe-124

B iy | Data —Bestfit — **Xe 2vDEC — "I (rapid+slow) Material — Solar v
103 = - 2750 B33y 136x0 — 5Ky 214py, 212py,
- . AmBe PuC Xe injection Detector operation
2 _ - - . : T . g{) 1074 107
é 102 BT o : S =4
2o F PandaX-4T 3 =z
g - (this work) 7 =2 P »
L i _ — 10~ 10~
o]
- . 5
[a7
107! = E = 1075
- L i i arXivi:2411.1;4355 ] P 0
a4 _5 1 L L L L L 1 1 _5 1 1 L L L L L 1 1
QRPA QRPA ET NSM XENONnT LZ 25 30 35 40 45 50 55 60 65 70 75 25 30 35 40 45 50 55 60 65 70 75
(2013) (2015) (2018) (2018) (2022) (2024) Energy [keV] Energy [keV]
» Time-dependent background modeling; 107 gt ey R e
<) -
- - - - - bD F—
» Consistency with existing theoretical and < oo .
- Q
experimental results; k5
. 10 104k
 Future analysis of other decay channels and Qv S -
© t t L t t 5
modes. = 0
]
~ _50 2I0 4I0 6I0 8I0 160 12IO 0 Zb 4.0 6I0 8b 160 12I0 1;10 16IO 180
Run0 data-taking period [d Runl data-taking period [d

27/08/2025



Cosmic-Ray Boosted Dark Matter
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« (Cosmic-Ray electron Boosted DM have the same interaction mechanism with DM- electron detection in the detector;

« Self-developed MC simulation for the calculation of the DM Earth attenuation;

 push the current mass range down by two orders of magnitude, achieve the minimum fermionic DM mass allowed by
the Pauli principle;

Phys. Rev. Lett. 133, 101805
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Xinning Zeng, PandaX (Shanghai Jiao Tong University)
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