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XENONNT experiment
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Xenon detector

Main goal: Direct detection of WIMP dark matter

Eextraction

time

S1 prompt scintillation
S2 proportional scintillation signal
= Upto 2.2 mspostSl
® 3D position reconstruction
<4 = Time difference between S1 and S2
® = PMT hit pattern gives x,y
Signal discrimination via S2/S1 ratio

(drift time)
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Dual phase Time Projection Chamber
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Backgrounds for physics searches

Electronic Recoil (ER)

Dominated by B-decay
from 214Pb (22°Rn chain)

e

Surface

210pp decays from PTFE
wall
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Nuclear Recoil (NR)

Radiogenic neutrons
Neutrinos (CEVNS) e

Accidental Coincidences (AC)

Random pairing of lone
S1 and lone S2



Backgrounds for physics searches

Electronic Recoil (ER)

Dominated by B-decay
from 214Pb (22°Rn chain)
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Surface

210pp decays from PTFE
wall
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Nuclear Recoil (NR)

= Radiogenic neutrons
= Neutrinos (CEVNS) e

Accidental Coincidences (AC)

= Random pairing of lone
S1 and lone S2



cS2 [PE]

AC: Dominant background for low mass

searches
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Mpwm = 200 GeV/CZ
Phys. Rev. Lett| 131, 041003 (2023)

Mpm = 6 GeV/Cz
Phys. Rev. Lett} 133, 191002 (2024)
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ACs and how they are mitigated

=  Random pairing of lone S1 and lone S2

--- Classified as S1
--- Classified as S2

--- Lone hits
= Lone S1s:
= QOrigin: lone hit pile-ups, signal misclassification,..
= Rate=15Hz
L = [one S2s:
lone hit S2 R L7 = QOrigin: delayed electrons, electron emissions,..
e N " Rate = 150 mHz
N7
S < Paired as AC

= Suppression: Data driven
= Based on width and drift time
= Spatial and temporal correlation with high
energy signals
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Focusing on lone hits

Classified as S1 = Random pairing of lone S1 and lone S2
Classified as S2
--- Lone hits —
= Lone Sis: 1-3 PE hits in PMTs

= QOrigin: lone hit , signal misclassification,..
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= QOrigin: delayed electrons, electron emissions,..
N / = Rate =150 mHz

S
-,
\/

e Paired as AC

t|me S o

/
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< Suppression: Data driven
= Based on width and drift time
= Spatial and temporal correlation with high

“ ‘ ' \n\ J energy signals

Big sign5I§ <2 High rates of delayed signals

time
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Focusing on lone hits

= 2-and 3-fold lone S1 rate dominated by lone hit pileups

= Lone hits rate o area of progenitor signal
t Lone hits e S2 signal
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What causes these lone hits?

PMT dark counts

= <50 Hz/PMT = Rate too small to be dominant
PMT afterpulses

= Characterised, small-time scales
Photoluminescence of detector materials?

= Quartz window of PMTs i

= Contaminations in PTFE? i

They can also cause delayed electrons!
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Time profile of delayed hits

t-1, ) ke — (t=tS, 4,022)

R=r,.+2-,0A

== Fit (Power law with exponential cutoff) ¢ Lone hits e S2 signal

T

Lone hits rate [Hz]
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= Fit late lone hits (> 2.2 ms post S2) over 150 s window
= Resembles Voltz Laustriat model: model of scintillation of aromatic organic compounds
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Investigating the hits top PMT pattern

= Photoluminescence of detector materials?
= Quartz window of PMTs 2 does the delayed hits follow the S2 pattern exactly?
= Contaminations in PTFE?
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Comparison of lone hits vs S2 top PMT pattern ...

Lone hits considered that occur after 2.2 ms and
up to 0.2s after an S2, for S2s that come at least
0.2s after the previous event

Spatial distribution of photons in an S2 signal
peaks steeply toward the PMT with most light
while only a small fraction of lone hits have spatial
correlation to their preceding S2

~7 brightest PMTs receive 40 % of the light of an
S2 receive only 6% of the lone hits
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Sensitive measurements of PL yield and decay
times of detector materials at Nikhef

D2 lamp spectrum

= Alternate material that could photoluminesce: o i 1
solder flux 71 -4~ Copper (blank)
= Ongoing studies to characterise PL yields and time N
constants of solder flux, PTFE, .... =
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solder flux under 365 nm light Credits: A. Hurhina
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https://scripties.uba.uva.nl/search?id=record_56616

Summary

= Accidental Coincidences (random pairing of lone S1 and lone
S2 signals) are the dominant background for low mass DM
searches

= Origin of delayed lone hits is not well understood

;':i { ‘

= Timing structure and PMT pattern suggest that quartz window L
photoluminescence is not the sole mechanism of observed '
delayed photon(-like) signals

s aN -
e+ |

= Ex-situ measurements of the PL response of detector materials
ongoing @Nikhef
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Voltz Laustriat model

e—z(t—tsz)
R=ry,+2- A — e -
dc T £s2 52 1+B{Ei( t tiz+ta)_Ei(_§a)}2(1+t ttSZ)
T T a

mm- Model of scintillation of aromatic organic compounds

1194 " Singlet and triplet states

Exponential _ _ _
= Triplet states can be destroyed through triplet-triplet
Power 0.013 _ 9.72 annihilation with timescales related to the diffusion of
these dense pockets of ionized species
Power with exp cutoff 1.8 0.28 6.27 = Afterreachingt= 1T, the exponential term begins to
dominate, cutting off the power-law
Voltz — Laustriat*® 1.3 0.04, 26.81 7.97
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Delayed electrons rate [Hz]
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Looking closely at delayed electrons

t Delayed electrons @ S2 signal
105 : 107
[ 104 3 ]

.fﬁ‘ f

102 F

[PE]

A

bl 5 = Lone S2s:
= delayed electrons, electron emissions

| MWH\HIH'.} HM :

10kl

1072 0.1

S2 signal ar

97 98 99 = QOriginate from
= release of electrons trapped on impurities,
triggered by
= S2 photons
= delayed photons?

= Electron emissions from grids
[ ?
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Electrons following progenitor S2 in 5 s sample window



Standard WIMPs... and beyond
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= Light dark matter searches
= LowSl1
= S2-only
= Migdal effect
=  CEvNS search
= Neutrinoless double-beta decay

.10—4

1042 { DarkSide-50 (2023) 6
-10~
XENONLT (2020)

10—44.
.10—8

10—46.

S| WIMP-nucleon cross section [cm?]
SI WIMP-nucleoncross section [pb]

.10—10
1Z (2023)
107*81  Neutrino coherent scattering 10712
1070 : , : 0-14
100 10t 102 10}

WIMP Mass [GeV/c?]

Pranati Kharbanda LIDINE 2025



