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Dark Matter and its Gravitational Evidence 2 PANDA K
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https://youtu.be/sI23cwbbNqs

PandaX collaboration

* PandaX: particle and astrophysical xenon detector
: dark matter, Majorana neutrino, astrophysmal neutrino
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Timeline of PandaX-4T Experiment

2020/11

2021/04
2021/07

2021/10
2021/11

2022/05
2022/09

2023/12

Current
Status

Commissioning (Run 0)
95 days

Tritium removal
xenon distillation, gas flushing, etc

Physics run (Run 1)
164 days

CJPL B2 hall renovation
xenon recuperation, detector upgrade

Resuming physics data-taking




First WIMP Search Results < PANDA K
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Data taking condition in Run1 &y PANDA H
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Tritium Background c PANDAH
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Background composition
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Unblinded Data 2 PaNDA B

> 24 (12+12) in Ref. region while expecting 20; > Spatially and Timely uniformly distributed;
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Constraint to WIMP

Blind analysis using Run(+1, total
exposure = 1.54 tonne-year;

No significant excess;

1o upward fluctuation with <8GeV;
Downward fluctuation in high-mass
region;

Best constraint > 100GeV;

1.6e-47 cm? @ 40GeV.
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More close look at Ref. region
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» In 10 & ref. region of 1TeV WIMP,
Run0 and Runl see upward and
downward, respectively;

» Runl dominates the limit, the
downward tendency is about 1o,
consistent with limit vs. sensitivity;
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Search for solar neutrinos

Signal efficiency
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» PandaX-4T searches for solar B§ CEVNS
with lowered threshold;

» Large amount of background emerged with
lowered threshold;

» Two data regions used: Paired and S2-only;
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AC background in Paired data and unblinded results > PANDA Y

» Randomly pair isolated S1 and S2 waveforms as AC sample waveformes;

» Off-window, 10% open data (OD), and 1-hit sideband for AC validation;

» Off-window events are those with drift time larger than maximum allowed by the TPC height;
» Cut-and-count BDT selection with more variables given in BDT;

1-hit sideband
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Cathode & “MD” background in S2-only &> PANDA Y

Run0 as example (PRL 130, 261001)
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Unblind the S2-only data & PanDAX

S2only spectra

Run0 W Cathode [ B® CEVNS
MD HH Data

RunO+Runl
40

Sideband

Counts/0.5¢

3t

1 ]
4 6 8 10 12 14 4 6 8 10 12 14 04 6

1
8 10 12 14
Number of electrons Number of electrons Number of electrons

=]

=

» Run(0+1 seem to see an excess in S2-only data, but a downward fluctuation in
paired data!

» S2only fit shows a best-fit B8 rate larger than expectation: mu_B8 = 1.8+-0.8;
» S2only background-only hypothesis p-value = 0.003;
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Systematic Uncertainties

Stdev./Nominal

Paired US2
Run0 Runl
Nuisance parameters 2-hit 3-hit 2-hit 3-hit Run0 Runl Estimated by
Selection 0.10 0.10 0.11 0.17 WS vs. DS
BDT to ®B CEvNS 0.17 0.11 - WS vs. DS
Light /charge production 0.24 0.37 0.28 0.44 0.17 0. 16 Average in ROI based on NEST
AC model 0.15 0.15 - - WS vs. control samples
BDT to AC 0.14 0.23 E - WS vs. control samples
Cathode model - E E - 024 0.20 Varying side-band selection
MD model - E - - 0.13 0.16 Varying side-band selection

» Uncertainties of selection, BDT, AC model, and LY/CY are
included in paired data;

» Uncertainties of selection, cathode, MD, and LY/CY are
included in S2only data;

» Uncertainties are given by MC vs real data, and varied control
selection;
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Searching for B8 combining S2-only and paired data 2 PANDA K

RunO+Runl

2.0

— S+B /  Bz#lo [0 Cathode
— —

L §+B +lo = gfl:ler -9 l\;:?a Best'ﬁt/
= Background-only Theoretical
Ej 3 DN predition
,, m, o S2-only 0.003 1.8+-0.8
S Paired & S2only

combined 0.105 0.8+-0.7

WIMP S2-only
S1<5PE

» 1D fitting on S2 spectra for S2-only;

» Signal uncertainty is assumed to be anti-correlated between paired
and S2only data;

» 2D fitting on S2 vs width space is ongoing!
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» Preliminary results of blind WIMP analysis on the Run0O and Runl

combined data;

» Upward fluctuation in <8GeV; Best constraint for >100GeV;

» Preliminary results of B8 CEVNS search using RunO+1 and S1-S2
paired/S2-only combined analysis;

» S2-only sees slight sign of B8 signal; Energy vs width fitting is ongoing!

» Next stage of PandaX (PandaX-20T) is expected to be online in 2027!
Thank You for your attention !
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