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Dark matter detection

> The two directions in the next step for LXe experiments are to possible

weaker interaction and to light DM
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Light DM detection needs lower thereshold
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PandaX-4T Time Project Chamber

> Physical events produce S1 (scintillation) and delayed S2 (ionization)
signals.
> TPC uses S1-S2 paired information to reconstruct events.
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Lower enerqy threshold - lower S1 threshold & panoax
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> adjust S1 threshold from 2 PE to 0.3 PE e
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Best constraint: 3-10 GeV (DM-n)
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Lower energy threshold-S2 onl
» abandon the dependence of ST ™ @\
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Best constraint: 0.04-10 GeV Fpy=1 (DM-e)
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DM-nucleon Interactions with Migdal effect & panonx

10—33
107
107%°
10—36
1077
107*

Electron cloud
A ‘@ not ionized

B 2 ’~ :
Inner electron 4 , Elastic / \ (in most cases)
shell is perturbed /:_{7“ e M,‘ Scatter {\
@
\ —— 4
m)h /// | I /

DM \ ‘ \ é’
\ \
e (@) sx-ray
Migdal\o 7 . lonization &
Effect f excitation
\ ;x (low probability)

[E—
|

W

O

DM-nucleon cross section [cm?]

T IIJIIII| T IIIIIII| T I[III|T| T IIIIIII| T IIIII|T| T TTTTI

N ¥ 10740 This work (S2-only + Migdal effect)
_41 1 1 | | 1 I 1 | 1 | 1 L1 |
100,03 0.1 02 03 1 2

Dark-matter mass [GeV/c’]
Di Huang et al. PhysRevlett.131.191002
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Backgrounds limit the sensitivit

> low-energy detection: the main problem are the S2-only backgrounds
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Cathode events features

> Paired cathode events can be easily selected by S2 quality cuts
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> The features of cathode events and cathode S2 from waveform

simulation are similar. SN T :
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contribute to S2-only data when cathode S1 is small
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Paired cathode events
> compare the cathode S2 spectrum with different S1 to predict the

S2-only cathode spectrum
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The spectrum are flat and stable with different S1
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S2 width [us]

Cathode events estimation by sideband

> simple hypothesis
 sideband S2 only events are only from cathode and physical

backgrounds
vgate electrode or above gate events can easily be removed
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Propose micro-discharge background

> In run0 data, set3 is a typical MD dataset
> The detector was in unstable state after set3
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MD events features

> Usually, the deadtime cut is used to remove the time
windows that have an abnormally high event rate caused @ -
by large S2. Livetime is the opposite.

> compare the S2-only signal features of high SE rate runs .| e
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We can use events in deadtime sample the MD
backgrounds
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MD estimation by sideband

> May be from the pileup of single electrons
> select S|deband wh|ch S2 is smaIIer than ROI
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S2-only data fit results

more details see Qing Lin" s talk on Monday
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» S2only background-only hypothesis p-value =
0.003 (~2.6 o);

« best-fit B8 neutrino flux of 1.8+-0.8 theoretical
prediction.
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> With low-energy detection mode, the best constraints of light DM

Interactions were built. (run0 data)
DM-n: 0.03-1 GeV (with Migdal effect)
DM-n: 3-10 GeV
DM-e: 0.04-10 GeV Fpy=1; 0.1 to 10 GeV/c? Fpy=1/q2

> Use sideband methods to estimate the contributions of cathode and
micro-discharge backgrounds in runO and run1.

> The relevant physical analysis in low-energy region including DM and

boron-8 neutrino is ongoing...

Thank you!

Yalong Hydro / Shanghai Jiao Tong University



