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Dual phase xenon TPC
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I Development of PandaX

PandaX particle and astrophysical xenon detector
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Pandax4T at CJPL
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Status of PandaXdT

Recent
progress

2020/11
:
2021/04

2021/07
»
2021/10

2021/11
:
2022/05

2022/09
;
2023/12

Current
Status

Commissioning Run0)
95 days

Tritium removal
xenon distillation, gas flushing, etc.

Physics run Runl)
164 days

CJPL B2 hall construction
Xenon recuperation, detector upgrade

Physics run Run2)
> 365 days




I Physics Reaches on PanddX

Neutrino
Y Astrophysical
Neutrino
Dark Matter e~ (i First indication of solar 8B neutrinos
‘ through CEVNS PRL 133, 191001 (2024)
- U First search of solar pp neutrinos in
Phoy, - xenon detector CPC 48, 091001 (2024)
= ‘ & DM
Xe Nucleus

resd Majorana
&3 0T
8 Neutrino
U First Xe -134 2vbb and Ovbb search from
natural xenon detector PRL 132, 152402 (2024)

U Leading Xe -136 Ovbb constraints from
natural xenon detector  sci. Bulletin 70, 1779 (2025

U RunO+Runl combined 1.54

tonne -year exposure |
A WIMP PRL 134, 011805 (2025) 4

A ALP and dark photon
PRL 134, 071004 (2025) il

U Limits on the luminance of
dark matter Nature 618, 4750 (2023)




U Background estimation

Significant reduction ofritium from RunO to Runl.
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. Constrailnt t o WI

U Result PRL 134, 011805 (2025)
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. Search f or sol ar

PRL 133, 191001 (2024)

[ Cathode
+MD

U First indication of solar B8 CE NS signal

Bestfit 8B yield
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Phys. Rev. Lett 135, 211001

. Search f or

DM-electron cross section

U Reacheading sensitivitiesfor Published 18 November, 2025.
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Counts / 4 keV

Res. (0)

. Search f or

23bb decay 03bb decay (1 Xe-13603bb  Sci. Bulletin 70, 1779 (2025)
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I Next generation: PandaX0T & xXT

SI WIMP-nucleon cross section [cm?]
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arXiv:2402.03596, SCPMA 68,
221011 (2025)

U Multi-physics targets
A Energyrange 100e\/ 10MeV

U Estimated timeline
A 2026: move to CJPL and

A 2027: commissioning

assembling
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I Summary

Pandax4T
V Multi-physics goals _ U Continue data taking until

achieved; ‘

- Dark Matter

> Astrophysical
L4 Neutrino
Majorana
Neutrino
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I backup

Accidental coincidence(Afackground
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backup

Surfacebackgroun: 1
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I backup
Neutronbackground

Combine 3 methods to estimate:

GEANT4 + signal model high energy 9o [ muld-scatterdsinglscatteriratio
Q‘ NR events
capture
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I backup
Unblinded data

V 24 (12+12) in Ref. region
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I backup
WIMP resuls

TABLE 1. Expected background contributions to DM candidates for Run0 and Runl with their uncertainties. “Other ER (data)”
combines contributions from radon progenies, krypton, backgrounds related to detector materials, elastic solar neutrinos-electron
scattering (EvES), and *®Xe. It is independently derived for each dataset using the normalization obtained from 20 to 30 keV. Tritium
contributions are determined through unconstrained fit. The neutron, 8B CEvNS, surface, and accidental backgrounds are assumed to be
constant for each run. The below-NR-median neutron background is more than 50% of the total neutron background, due to contribution
from “neutron-X" which leads to a smaller §2/51. The best-fit values from a background-only fit are also shown.

Run0 Runl Total Below NR median Best fit

2l4pp 281 £ 13 675 £ 35 056 + 38 36_'8;‘

212py, 49+ 13 97 + 25 146 £+ 30 {]6_'[‘)’;’-

85Kr 80 £+ 40 289 + 88 369 =96 14_'[‘)’;s

Material ER 4245 105+ 11 147 £ 12 {]6_'[‘)’13

ELES 38 +4 74+7 11148 0.49

136X e 28 £ 1 59+3 87+ 3 02_'81' ce
Other ER (data) 504 = 16 1226 = 28 1730 £ 32 64_'}5 1767 £ 48
CH;T 556 + 33 114 =33 670 £ 47 52_'}12 677 £ 44
127 e 7.7+04 0.0+0.0 7.7+04 {]_1{)_*:}’_-(‘]’;-;’- 7.7+04
124% e 23+06 41 +1.1 6.3+1.7 {]_03_*[‘}’_-(‘]’1' 6.2+1.7
Neutron 0.6=x03 1.1 £0.6 1.7+ 0.9 10_'[‘)’3 1.6 £0.8
B CELNS 0.3 +=0.1 0.7+0.2 1.0+0.3 10_'[‘)’: 1.1 £0.3
Surface 0.09 = 0.06 0.17 £0.11 026 +£0.12 {]26_*[‘}’}23 0.25+0.11
Accidental 11 +3 13+4 24 +£5 64_'I1j 265
Sum 1082 £ 37 1356 =43 2439 £ 43 20.5_'%_‘3 2487 + 94
Observed 1117 1373 2490 24

20
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A wimp vs Paired&US?2

low threshold channels

1
100 5 Reconstruction (paired) E 10
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backup
Bkg in S2ony

MD background:
A Small charge

A Related to single electron (SE) rate

A Position relation with previous large S2
A Spectrum get from deadtime region where SE rate is very highy

use 2.54 nE as control region
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I backup

A MD sample
Charge distribution Width distribution
107! :*_h_"""._._. — run0 deadtime — . e e — runl deadtime | 0.181 %= — run( deadtime = 0'165_ :]: :i: + — runl deadtime _E
B o E 107 = - 3 0.16F + 3 0.14F -
""'_._ — run@ livetime ] C +:!:._._. — 1 livetim 014 q’:h — run0 livetime = 0.12; + — runl livetime é
- == 0.12F - o1b T E
102k -=:==F+ - 107c :F—:F:[: 5 0.15 =S 1 ook - E
- == : - T +T ] 0.08F 3 F E
ST - Ti. —]-_H, 0.065- - 31 F E
_ Fh  100: ++ ] 0.04f 1 o04f .n ,:
107 = ={:g - T 0.02F- - = 0.02F 3
E 7 - = E = =} 7 - =k
I N R T D e T Bl bl bbb bbby 143 )= EP PP W WU F S PR P P S | EE RO TS PR S U - SR N S
26 28 3 32 34 36 38 4 42 44 26 28 3 32 34 36 38 4 42 44 0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
nElectron nElectron S2 width[us] S2 width[us]

A We find that MD rate is related with single electron(SE) rate, so we get MD
samples from deadtime region where SE rate is very high

A The sample in deadtime is consistent with the MD events in livetime

A MD events in livetime are from high US22.5-3nE) rate runs
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I backup

\ r r wr, \ ’!I\’\v
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SiET

A Different small control regions divided by
S2 charge and width give systematic error

A Spectrum with total statistic give the
nominal value and statistical error
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Bkg In S2only

cathode background f§ - — — ]
A Wide charge spectrum S 10 —w E
A Relatively large S2 width compared with physical events - B8 .
A Spectrum obtained from paired-S2 cathode events, using-1%nE as control oL T MhretedesiR

region

S2 width [us]
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I backup

A Cathode sample

o SE/EE AEATE } Qo Qim0 &
0 P " TN U T e~
l Z%aém@@m@eu @Q @ &0

Runl efficiency

Cathode drift time distribution RunO efficiency

2 200pr > P ] g‘ 0;“
— 7 =1 — 4 T -
8 180: — run0 ] R 0‘95 3 g 0.8 E
O 160 = 2 08 E e O H’ E
o —runl - 9 = + 3 m 075 =2
140 . A 07: + + i Y *4:*% :
120~ : 0.6- + + + H + i e 0.6:_*# + f = + E
100 3 o.s}ﬂ— giww* E 0.5§H, ?:ﬁ 3
80;runO set?2 E 04" E 04" + 3
60 ; / —f 03? —— paired cathode é 0.3 ? —— paired cathode E
40 ; é 0.2 ; —— cathode wfsim E 02 E_ —— cathode wisim _g
205 = 0.1 E 0.1 E
P NV DV IR NS R Y N P I ) S U N Y I MR 0‘{1“‘6‘ é ‘1‘0"‘1‘2"‘1‘4‘7

00 810 820 830 840 850 860 870 880 4 6 8 10 12 14
Drift time[us] nElectron nElectron

A Use paired cathode events as background sample

A Simulate events at the bottom of detector, these samples are consistent with paired
cathode events

A To reduce spectrum statistical fluctuation, use the spectrum under a loose width cut, and
then apply corresponding efficiency from waveform simulation to it
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systematic error
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B8 results

TABLE II.  Paired data: Run0 and Runl expected events in 2-
and 3-hit regions from the surface, ER, neutron, and the AC
background, and the ®B CEvNS signal. The observed events after

TABLE III. US2 data: RunO and Runl expected events from
the cathode, MD, and ER background and 5B CELNS signal in

unblinding are given in the last row.

the ROIL. The observed events after unblinding are given in the

last row.
Run( Runl
Paired ROI 2-hit 3-hit 2-hit 3-hit US2 ROI Run( Runl
Surface 0.06+0.01 0064001 001+001 002+002 Cathode 100 £ 24 104 + 21
ER 0.01 £0.00 0.00+0.00 0.01 £0.01 0.01+0.01 MD 2543 204+ 4
Neutron  0.02+0.01 0.02+001 0034001 003+001 ERs 13401 0.9+0.2
AC 1.08 £028 0.07+0.02 1154035 0.24+0.08
Total bke. 1.16 £0.28 0.154+0.02 121 +035 0.30+ 0.08 Total bkg. 126 +£24 125+ 21
otal bkg. : : : : . . : : " :
S8 CELNS 1004024 024+009 1.76+050 040+0.18 B CEYNS 184 25+6
Observed 1 0 o) 0 Observed 158 174
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LDM

108 LDM-nucleus (6=10"*em?) LDMe-electron (0.=10" ¥ cm?)

. FIG. 1. (Top) The differential rates (in unit of events per tonne per year per keV) of the DM scatterings off the target.
Heavy mediator The left shows the spectra for the LDM-nucleus scattering with LDM masses of 2 GeV (red) and 4 GeV (blue), assuming an
=== Light mediator LDM-nucleon cross section of 10™*’ em®. The spectra for the SI, proton-only SD, and neutron-only SD LDMs are shown in
solid, dashed, and dotted lines, respectively. The right panel shows the spectra for LDM-electron scatterings with LDM masses
of 50 MeV/c? (red) and 0.1 GeV (blue), assuming an LDM-electron cross section of 1077 em?. The solid and dashed lines
represent the spectra for heavy and light mediator cases, respectively. All spectra are without efficiency applied. (Middle) All
components of the selection efficiency for the paired (solid) and US2 (dashed) data: green=data quality selection, blue=signal
reconstruction, cyan=ROI, magenta=BDT, black=total. The gray shaded regions indicate +1o uncertainties. The efficiencies
for the paired data are not shown in the right panel since they are not used in search of LDM-electron scattering. The efficiencies
as a function of NR and ER energies are estimated based on the nominal charge yields shown in the bottom panels. (Bottom)
The charge (black) yields as a function of NR and ER. energies are shown in the left and right panel, respectively. The solid
lines show the nominal model with the shaded regions representing the +1o uncertainties. The black dashed lines in the right
panel give the alternative yield model (P4-NEST) used in this work. The colored lines (blue, magenta, and green) give the
L best-fit charge vields in the LDM interpretations with different masses and model assumptions. No significant deviation from
the nominal models is observed.
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LDM result

Component Expectation Background-only 4(_;:5, /e LDM-e glgz{ﬁ,}gjedmtor} LDM-EQ{ gg{ii ;;12& diator)
DM (paired) - - 0.440.4 - -
*B CEvNS (paired) 3.4+0.6 2.6+0.6 2.5+0.6 - -
AC (paired) 2.540.5 2.540.4 2.540.4 - -
DM (US2) - - 18+20 58434 8+19
"B CEvNS (US2) 4347 50+6 4946 4246 47+6
Cathode (US2) 204432 227415 212419 191422 225417
MD (US2) 4545 45+4 45+4 45+4 45+4
NR charge vield deviation - (0.8+0.9¢ 0.8£0.80 - -
ER charge yield deviation - 0.0+£1.0¢ - 0.241.00 0.0+1.00

TABLE I. The expected and best-fit events number of dark matter, B solar neutrino, AC background, Cathode background
and MD background in paired and US2 channels, assuming 4 GeV/c? DM-nucleon spin-independent interaction, 2 GeV/c?
LDM-electron interaction via heavy mediator and light mediator. The deviations of the best-fit charge yields with respect to
their nominals for the NR and ER are given in the last two rows.
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Table 2
b aC ku Comparison of background counts in the ROI from the expectation of the background
model, expectation of the blinded best-fit, and the unblinded best-fit results.

X 1 3 6 Background Model expectation Blinded fit Unblinded fit
e SSP 232Th 527 +£45 470 + 34 458 +33
SSp 238y 50+ 15 38+11 39+11
232Th 375+ 224 510+ 34 485 £+ 31
238y 78 £ 42 70+9 72+9
60Co 18+ 7 31+£3 31+£3
136 @ 0.18 £ 0.01 0.19+0.01 0.19+0.01
L LS IR S 17 YL UL [7E 2o J e 7 L 39 3 R, ) PR g1 T T T
—~Data —Best Fit  [Jll"**Xe OvBp - Data —BestFit [ "“Xe OVBp
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Fig. 3. Unblinded fit results for RunO (top) and Run1 (bottom). The contributions
from %°Co, 4°K, 23?Th, and ?**U of different detector parts are combined respectively
after fitting for better visualization. **Xe Ovff signals are indicated by red-shaded
peaks. The lower panel shows the residuals together with the +10 (+30) region
represented by the dark (light) green band. 31
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