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Dual phase xenon TPC c PANDA K

Three multi-tonne detectors operating.

Dark matter: nuclear recoil Y background: electron
(NR) recoil (ER)
gy _Drifttime, o, 51 Drifttimg g, :
1 Sanford Lab, LZ, 7 ton s
3 LNGS, XENONNT, 6.5 ton
(S2/51)\r<<(S2/S1)er _ CJPL, PandaX-4T, 3.7 ton
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Multi-site scattering
background (ER or NR)
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From J. Liu

LZ XENONNT PandaX-4T
PRL 131, 041002 (2023) PRL 131, 041003 (2023)  PRL 127, 261802 (2021)
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PandaX collaboration C PANDA H

* PandaX: particle and astrophysical xenon detector
* dark matter, Majorana neutrino, astrophysical neutrino
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PandaX-4T systems

Distillation Electronics and Cryogenics and Clean Room Xenon Gas Storage System
Tower DAQ System Circulation System |

Xenon Emergency
Recuperation System

See Zhou’s talk

R Seldng Tank B Dual-Phase Liquid/Gas
H'. 13m Xenon Time Projection Y

Chamber (TPC)

Q Ultrapure water shield: 13 m (H) x 10 m (D) ~ 900 m? e Sensitive volume: 3.7-tonne L.Xe

QTPC: 12 m (H) x 1.2 m (D)
O 3-in PMTs: 169 top/199 bottom — See Lingyin’s talk
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Some Pic of the subsystems
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Timeline of PandaX-4T <, PANDA K

e Apr. 2,2018, permission from CJPL management to start
construction in B2 hall

* Aug. 19,2019, infrastructure completed, detector installation
in CJPL-II started

* Mar 6, 2020, offline distillation of xenon completed

* May 28, 2020, installation comple |
* Nov. 28,2020 — Apr. 16, 2021 commissioning run (RunD »
e 2021 Summer: Tritium removal

* 2021/11 - 2022/05: physics run (Runl)
* 164 days: ~ 1 tonne-year

e 2022/09 - 2023/12: hall construction

* Xenon recuperation

* detector upgraded
e 2023.11 — now: Resuming 1



Background table &y PANDA H

Nominal (evts) Expected below-NR-median events:

5T (from fit to data) 532 (32) 98 (0.6) evts
Flat ER* (18-30keV side band) 492 (31)
Rn 347 (190) ® ER (flat ER + tritium)
@ Xel27
Kr 53 (34) @® Accidental
: @® Surface
Material 40 (5) ‘ Neutron
Xel36 31(6) B0
Solar pp neutrino 37(8)
Rel27 8 (1) Dominant bkg component: CH3T
Neutron 0.9 (0.5) R AT
Neutron-X 0.2 (0.1) R liﬁfi!ﬁ};‘f“‘“ 0
Surface 0.5(0.1) [ 7 NR 99:5% cosptance :
3 107
Accidental 2.4 (0.5) =
3 107
B8 0.6 (0.3) w-
Sum 1037 (45) 0202060 80 100 120

S1 [PE]



CONTENTS

m / PandaX-4T DM search experiment /

m / First data from PandaX-4T /

m / Accidental pileup & Single electron /

12



Low-energy searches
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Top PMTs

Top screen
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Delayed electrons C PANDA R

5 PRE136:261001 (2023)
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Ny |52 range [ pr T T /AC Total] 55, | ope » Delayed e?lectrons play crlt.lcal roles in the search
| [PE] BKG of B8 (paired S1-S2) and light dark matter (S2-
5 | 65.030 | Pre [0-04 0.10 0.1462.4362.712.32| 59 only);
post |0.02 0.04 0.03 1 41 1.50 142 1 > G3 detectors may also see more contributions
3 | 65.190 | Pre 0.01 0.05 0.08 0.93 |0.42| 2 f AC:
post [0.00 0.02 0.03 0.07 |0.29| O rom ’
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[ Fix window data
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» Pileup dominates!
» Model matches greatly
with the sideband data!
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- 7
Suppression of AC S PANDA K
Key cut optimization Boosted Decision Tree (BDT)
Gradient Boosted Trees 100f —— 5101
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» S1 & S2 width

» Spurious charges beside S1&S2

o » S2 pulse shape

> leetlme. and volume after a » Difference of reconstructed positions;
large 52 is cut to reduce AC » Goodness-of-fit between data and sim;
background! » Top-bottom asymmetry

CEVNS rate increases from ~1.6 to ~7.7
per year in 2.7 tonne fiducial volume

> We observe detector “activated”
after large S2s.
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Model of low-S2(MD) background
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» Samples with loosened cuts are used a control

samples;

» Asymmetrical uncertainty is assigned for the
difference of control region w.r.t nominal;
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> S2 of 40-60 PE is taken as a side-

band region;

» The S2 spectrum of set 3 is taken as

the MD shape;

> Difference of set4-5 minus set3

taken as nominal rate;
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MD really MD?
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DM run
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It seems the delayed electrons correlated more with event rate than S2 size and Z! -



Correlation test
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» SEs close to large S2 are strongly correlated with

the electron lifetime;
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Correlation test ' PANDA Y
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Could be due to SE-primary S2 ambiguity, quantitative
analysis ongoing;

Correlation coefficient also indicates the silent rate correlates
more with event rate;

Rippl 19
ipple mode A. Kopec et al.,, JINST 16 P07014
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Things need to be done C PANDA K

» Spectral shape analysis: multiple-e due to single-e pileup?

Influence of photoionization.
» More fine correlation test:
» Not run-by-run average variables;
» Correlation with distinct S2 ranges;

» Quantification of the SE pileup with larger S2 rates;



