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PandaX-4T Experiment & Its first data
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PandaX-4T 2021 (this work)

» 5.6-tonne liquid xenon detector at CJPL-II;
» 2020-2021: Commissioning run (run0), 95 days;
» 2021-2022: Tritiated methane removal and runl, ~160 days
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» Large underground experiment is
going to be able to see Coherent
Elastic v.-Nuclear Scatting (CEvVNS)
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Difficulties of B8 CEVNS search & PanDAY
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Waveform simulation c PANDA H

Reassembling data waveform segments
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Impurity photoionization; Good match between data and wf-sim in terms of

Electron trapping at surface;  S1/S2 shape, pattern, and waveform “dirtiness”.
Delayed electrons 6
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Machine-Learning based selection

Boosted Decision Tree (BDT)
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» WF-sim as signal sample;
» Randomly paired S1-S2 as bkg

> Difference of reconstructed

positions;
» Goodness-of-fit between data sample;
and sim; > 18 variables as BDT input;

» Top-bottom asymmetry
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Background budget

Physical bkg negligible!

Two-hit channel S2 charge spectrum
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» AC is the dominant bkg;

» Use data with drift length
> max drift length as
sideband check;

» Good match between
data and model;
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Uncertainty analysis Q PANDA R

Use secondary S2s or events without S1 for checking sys.
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Unblinding ¢ PANDA Y

Apply-BDT result

» One event found after unblinding; N-hit Total bkg B8  Data
» Statistically consistent with our 5 150 1 40 ]
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First B8 CEVNS search in PandaX-4T

Phys. Rev. Lett. 130, 021802
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» Profile Likelihood Ratio method,
combining 2-hit and 3-hit data;

» Most stringent limit to solar neutrino
flux using CEVNS channel,

» Also updated the GeV DM upperlimit.

[a—

N
=
=

N——

[a—

3
T
n

DM-nucleon SI cross section [cm

[a—

T
Je
=)

7 g 9 10
DM mass [GeV]

(o
Ny 5

11



S2-only approach

Cathode event and gas event
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Background for S2-only data

g2=17.9 PE/e

Nunélber of elgectrons
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Low-mass DM-e search
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* The most stringent constraints for the DM- electron interactions with mass in range of 40 MeV/c? to 10
GeV/c? with Fpy, =1, and 100 MeV/c? to 10 GeV/c? with Fpy, ~ 1/¢?
* Our results challenge the freeze-out mechanism for DM mass range from 0.04 to 0.25 GeV/c? with Fpy~1,
and are closing in on the freeze-in prediction with Fpy, ~ 1/g?, assuming such light DM provides the entire

DM abundance.
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Summary & Prospect c PANDA R

» Most stringent constraint on solar neutrino flux using CEVNS channel was

obtained, using S1-S2 paired data.

» We understand the bkg component of S2-only channel, mostly surface
bkg from cathode and S2 pileup from micro-discharging;

» Using S2-only data, the most stringent constraint on low-mass DM through
DM-e scattering Is given;

» Analysis combining RunO and newly taken Runl is ongoing;

» Dedicated calibration on ultra-low energy region is planned.
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Thanks for listening!
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Coherent effects of a weak neutral current
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A SN

Our suggestion may be an act of hubris, because
the inevitable constraints of interaction rate, res-
olution, and background pose grave experimental
difficulties for elastic neutrino-nucleus scattering.
We will discuss these problems at the end of this
note, but first we wish to present the theoretical
ideas relevant to the experiments.

Scientific goals of detection:

» New channel for cosmic neutrino detection;

» Weak mixing angle under low momentum
transfer;

» Non-standard neutrino interaction;

» Technique for remove nuclear safeguard;
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Neutrino Energy (MeV)
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Neutrino sources

Spallation neutron | Nuclear reactor
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» e&u flavors;

» le6/s/cm2 @ 20m;
» E<50MeV;

» Observed in 2017;

» lel3/s/cm2 @ 25 m » ~5e6/s/cm2 for B8

with 3GW power; V;
> E<2MeV:; » Mostly E<0.4MeV;

> Not observed vet; » Not observed yet. 18



Validation of bkg model @PHNDHH
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» Use a (loose cut — final cut) sample as
control for bkg validation;

» Good match between data / control data
both in width and S2 spectral shape
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