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Online distillation
222Rn 0.8 uBg/kg
Lowest, 15-fold |

! Xe-purification
~ e lifetime = 15ms
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Dual-phase Time Projection Chamber (TPC)

Redundant readout:

S1: light signal (prompt)

S2: charge signal (delayed)
3D position info:

> -XY from PMT hit pattern
-Z from drift time

drift time

(depth) Energy reconstruction:
E =13.7eV x (Npr,+Ne)
Particle discrimination:

ratio of charge/light (ERs vs. NRs)
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Dual-phase Time Projection Chamber (TPC)
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Particle discrimination:
ratio of charge/light (ERs vs. NRs)



Dual-phase Time Projection Chamber (TPC)
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Inputs: energy, electric field, “Lindhard factor’” — response difficult to derive theoretically



Detector Response Calibration

* In the WIMP search, radioactive sources
are introduced to model the light/charge

response and threshold effect

220Rn: flat spectrum from beta
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XENON WIMP Search

Accindental Coincidences mom ER o Wall & Wipp Westlake | DMand neutrino lab
104F

* In the WIMP search, radioactive sources
are introduced to model the light/charge
response and threshold effect

103F

cS2 [PE]
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XENON WIMP Search

* In the WIMP search, radioactive sources
are introduced to model the light/charge

response and threshold effect

* No excess found regarding the WIMP

SRO 95 days

Nominal Best fit
ER (flat) 134 136 + 12
ER (*H-like) - -
ER (*TAr) - -
Neutron 0.7+0.3 0.6 £0.3
CEvNS (solar) 0.16 £0.05 0.16 £ 0.05
CEvNS (atm.+DSNB) 0.04 &+ 0.02 0.04 £ 0.02
AC 43409 4.4752
Surface 13+3 11+2
Total background 152 152 + 12
WIMP (200 GeV /c?) — 1.8

Observed

Corrected S2 [PE]

EENER W Wall

104F

103F

Highest 50% SNR of,
200 GeV/c? WIMP -

40 60 80
Corrected S1 [PE]

100

Neutron EEMAC mmwiMp N Westlake | DM and neutrino lab
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XENON WIMP Search

* In the WIMP search, radioactive sources
are introduced to model the light/charge

response and threshold effect

* No excess found regarding the WIMP
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€001+0 v (€202) 1€1 Tdd
€00122 7z (ST02) SE1 Tdd

SR0O 95 days SRla +187 days SR1b

Nominal Best fit Nominal Best fit Nominal Best fit
ER (flat) 134 136 + 12 430 + 30 450 + 20 151 +11 154 + 10
ER (*H-like) — - 62 40 + 30 101 80117
ER (*TAr) - - 58+ 6 55 £ 5 - -
Neutron 0.7+0.3 0.6 +0.3 0.474+0.19 0.45+0.19 0.7+£0.3 0.7£0.3
CEvNS (solar) 0.16 £ 0.05 0.16 £0.05 0.010+0.003 0.010 £ 0.003 0.019 £0.006  0.019 £ 0.006
CEvNS (atm.+DSNB) 0.04 &+ 0.02 0.04 £0.02 0.024 +£0.012 0.024 £ 0.012 0.05 + 0.02 0.05 £ 0.02
AC 43+09 44753 2124018  2.10+0.18 3.8+0.3 3.8+0.3
Surface 13 == & 11+2 0.43 +0.05 0.42 +0.05 0.77 £ 0.09 0.76 + 0.09
Total background 152 1524+ 12 503 550 &+ 20 257 239 + 15
WIMP (200 GeV /c?) — 1.8 - 1.1 - 2.1
Observed 560 245
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XENON WIMP Search
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 In the WIMP search, radioactive sources
are introduced to model the light/charge
response and threshold effect

* No excess found regarding the WIMP,
thus setting a WIMP limit
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https://doi.org/10.1103/msw4-t342

XENON WIMP Search

10°

Solar neutrino flux (cm=2s~
=i
o
[=2]

In the WIMP search, radioactive sources
are introduced to model the light/charge

response and threshold effect 5
No excess found regarding the WIMP, g
thus setting a WIMP limit o
CELNS 5

v g

z ’ =

: O

pp [£0.6%) » [B)
v @

Be [+6%)] a

...... .._pep [x1%] 8

""" i 0 o

¢ 15 a

8B [+12%] )

; $ [}

: I3

hep [+30%] z

10" 1 10 =

Neutrino energy (MeV)

msmwesmm Shengchao Li (Westlake U.)

10

10

—_
e}

N
k;
&

-
N

XENON  Westlake | DM and neutrino lab

~46 |-

-47 |

|
S
co

 Threshold O(keV).-~~

m— XENONNT (this letter)
----XENONNT 2023

-=-=LZ 2025

-=-= PandaX-4T 2025 ¥t

UUL(MDM >1 TeV/cz) =

—46 2 Mpm
3.7x107* cm* x T

-
—
S

—_
o

s aal L N PR T S T A
102 103
WIMP mass Mpy [GeV/c?]

€001+0 ‘v (€202) 1€1 Tdd
€0012Z Tz (S202) S€1 Tdd



https://doi.org/10.1103/msw4-t342

XENON Light DM and 2B Neutrino Search

CEVNS: Coherent Elastic Neutrino-Nucleus Scattering (¢ « N2~6000)
Single scatter NR signal mimic WIMP -> “neutrino fog”
Low momentum transfer, e.g.,

8B solar neutrino: E\y < 4 keV s ___8g
—— hep
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XENON Light DM and 8B Neutrino Search | Challenge 1: signal
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« CEVNS: Coherent Elastic Neutrino-Nucleus Scattering (o «< N2~6000)
» Single scatter NR signal mimic WIMP -> “neutrino fog”
* Low momentum transfer, e.g.,

8B solar neutrino: Eyg < 4 keV & sl ___ sg
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YBe Calibration

£

Design: EPJC 84 (2024) 8, 784

°Be XENON Westlake | DM and neutrino lah
88 )
&gl/

Be

only 0.65 mb cross-section
10 cm tungsten optimized with MC
final y:n = 10°1 — 1600:1
Tungsten source box
Water displacement box

ryostat

\

Air bo>| "



YBe Calibration Analysis
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[18YBe Data (1.26mHz)
[18Y-PVC Data (0.19mHz)
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 Neutrons in YBe dataset with

Y-PVC dataset as controlled . : . .
sample ' 88¥Be AC Modell
P gool . Cme_YBe NR: Sim

o gl .. ---—\

Counts/Bin
3

» Accidental coincidence (AC)
in box overlap with the
simulated YBe NR signal

« BDT machine trained on AC
model was used to suppress
AC background by 91%

10 12 14 0 100
cS1 [PE] Counts/Bin



Best-fit YBe spectrum
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[JBest Fit CJAC [_INR ¢ Data

|

Event gelection

51 Reconstruction

Combined

1
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660
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* Good match in spectrum, down to 2 observed photons
» Overall efficiency 10%, difficult detection

1
800



Best-fit NR yields

— NEST v2 parameterization
11 11
“4 Manzur 2010 (0 V/em) '-}l LUX 2016 (180 V/cm)
10 F Plante 2011 (0 V/cm) 10F W LLNL 2019 (220 V/em)
W LUX 2016 (180 V/cm) W LUX 2022 (400 V/cm)

L W LUX 2022 (400 Vicm)
— NEST v2 (23 V/cm)
e This Work (23 V/cm)

L == NEST v2 (23 V/cm)
===This Work (23 V/cm)

Light yield [ph/keV]
N W ok U 9 o ©
Charge yield [e~/keV]
NOW R O 3 o ©

0105 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0 0.105 10 1.5 20 25 3.0 35 4.0 45 5.0
Energy [keVnr] Energy [keVyr]

* 30% uncertainty band from fitted posterior
* Minimum threshold for light (charge) yield at 0.3 (0.7) keV g,
lowest in ton-scale detectors

— 2412.10451 PRD accepted



XENON Light DM and 2B Neutrino Search | Challenge 2: background

S1 acceptance 8B CEvNS w/o acceptance
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XENON Light DM and 8B Neutrino Search

» Lower threshold for 17x signals

WIMP 8B CEVNS

(LT Qoo )
S1 ge00@ » eeees g
e © LX) £
sos eee &
3 PMTs 2 PMTs 8
@ B O :

» Cost: 400/day accidental background
“Isolated” S1 Not detected ;T>
(¢}

Time

Reconstructed
AC event

“Isolated” S2

Not detected

Time

Challenge 2: background | s NG

by 20
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S1 acceptance 8B CEVNS w/o acceptance

== S2 acceptance =8B CEVNS w/ acceptance
== Combined acceptance
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AC Suppression: coincidence

“Isolated” S2
150 mHz —- 25 mHz

“Isolated” S1
15 Hz > 2.3 Hz

S2 Time shadow:

Sz prev/ Atprev

elayed electrons & lone-hits

Shengchao Li (Westlake U.)

Rate [A.U.]
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— Signal
—— Isolated S1

Il R | ol R | |
1074 1073 1072 0.1 1 10
S2prev/Atprev [PE/Ms]

Most isolated S1/S2 peaks removed
Signal acceptance ~80%



AC Suppression: machine learning
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* Unsupervised Self-Organized Maps (SOM) new .
* Better peak classification & multi-scatter rejection .

Shengchao Li (Westlake U.)

Boosted Decision Tree (BDT)
Discrimination from electron diffusion

= 8x SNR



XENON B CEVNS Result 2026
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Significance = 2.70 — 3.30

Shengchao Li (Westlake U.)
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AC (40.2 + 1.4) evts
ER background (1.2+1.2) evts
0.
Neutron 0. 8:)_: evts
Expected:

Background: (42 £ 2)
Signal: (16 £ 5)
Total: 58 £ 5

Observed:
62 events
25 new



XENON Measurement 2026 [2604.06002]
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Light DM Search with Neutrino Fog

Normalized Rate

Add
I- DMI m 8B = AC Neutron M ER
'\\ —SB CEvNS = bkg - {
3.5 GeV DM (SI) L
- = 4.5 GeV DM (SI)
1 - = 5.5 GeV DM (SI)
== 6.5 GeV DM (SI) r e
-== 7.5 GeV DM (SI) *
L . \\\\\ 4
® '~
&l - , /\ \‘\ E
Ny F ey %
. S e R
~ e & .
Y i S e,
Sy e 3.'.:-"4 ---- P -
10_2 L L 1 \ L N L [y -1“—-'>ﬂ| 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5 3.0 00 02 04 06 08 100 10 2
Recoil Energy ER [keVNR] S2pre/Atpre quantile Events
Component Expectation Background-only 4 GeV/c? 6 GeV/c? 10 GeV/c?
SI DM - - 3.2 (1.6) 0.0 (0.0) 0.0 (0.0)
8B CEvNS 119145 11.41290 10.2 2.7 (2.5+0.7) 114127 (6.0+£1.4) 114727 (54113
AC 253+ 1.2 25.3711 251412 (3.7£01) 253+£12 (414£02) 253+1.2 (3.3+0.1)
ER 0.7£0.7 0.5405 0.6 £0% (0.0£0.0) 055758 (03£03) 05757 (0.4755)
Neutron 05792 0.5+0.3 0.540.3 (0.1£0.1) 05403 (02+0.1) 05+03 (0.2+0.1)
Total background ~ 38.37%7 37725 36.4 *30 (6.3797 377730 (106115 3777590 (9.271%)
Observed - 37 37 (10) 37 (10) 37 (4)

CEVNS becomes dominant background in signal region

PRL 134, 111802 (2025)



Light DM Limits 2026

(B): SD DM-neutron scattering o
P
* No significant signal 1100
rate over mass range R

[3,12] GeV/c? > S 1"
: ~20AT oy {107

— new exclusion e

<& {10
* 10% gain in SenSitiVity L Msssio.__ (D): q*'-dependent o = (a/q0)"0y 41040
compared to 2024 PRL 1o+ o
alone, with 93% e T
increase of exposure 10-4
— fog-limited DM search ™ o
10740 31047
B 12 4 6 8 10 12107

..and other BSM physics [2604.06002]



Summary & outlook

XENON Westlake | DM and neutrino lah

Calibration team during 2025 upgrade
11 .

» Sub-keV nuclear recoil searches
with XENON 2021-25 data

» YBe calibrates signal yields down
to 0.3 keVyr

> 3.3 sigma for solar 8B CEVNS
XENONNT detector upgrade:

> Fog-limited |ight DM search - Better E-field for improved efficiency and background
 New NR calibration system for improved yield model

« We hope to eventually measure 8B CEVNS at 50!
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Backup

msmwesmm Shengchao Li (Westlake U.)



BSM Physics
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Figure: new light vector mediator
through the g-dependent
modification of the CEVNS cross
section

A flavor-universal neutrino charge
radius (r%,) is constrained to two
allowed 90% CL intervals:
[-72,-48] and [-10,14] x 1032 cm?



2024 vs 2026 Results

Item

Role
Exposure
Observed
Background
Significance
8B flux

Extra physics

2408.02877
First indication of solar 8B CEVNS

3.51tyr

37 events
26.4 +1.4/1.3
2.73 sigma
4.7 +3.6/2.3

CEvNSflux and Xe cross section

Shengchao Li (Westlake U.)

2604.06002
8B fog physics with SR2 included

6.77 tyr

62 events

42.4 ++ 1.9 best fit
3.3 sigma

5 +3f2

(il

XENON  Westlake | DM and neutrino lab

Light DM, weak mixing, mediator, charge radius



88Y+Be and 88Y+PVC calibrations

XENON Westlake | DM and neutrino lah

88Y+Be (NR+ER) — 183h
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- PVC plastic replaces Be target, similar £
gamma attenuation, but no neutrons ¢
« To model background components 5 |  Steady source decay
related to 88Y gamma 20, 9\. &| ,6’! ‘Q«. ’Qq'l ,\\. ,{vl ‘\; . monitored with gamma
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AC suppression with machine learning

1.

Prepare two datasets:

88YBe

Data-driven AC model from
8YBe/®8YPVC runs (rate and
shape)

Train a Boosted Decision Tree
(BDT) using physics-inspired
parameters, such as:

Diffusion:
S2 width and electron drift time correlation

NR multi-scatter:
space and time correlation between S2s

PDF

(X*"K) 32
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[1%8YBe Data 88YBe NR Sim
88Y_PVC Data — ~1%%YBe AC Model

keep

0.6 F -

———

04 ]
I
P
0.2+ .
I

I
—|_|_I_F |
___,————————__—_—-—-'r'-'-"u_‘ I
0‘0 1 1 1 1

0.0 0.2 0.4 0.6 0.8 1.0
Neutron-like BDT Score AC-like

Separation in BDT score dimension:
» rejects 91% of AC events
« retaining 89% of 8YBe MS NRs

suggests accurate AC model
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No RRS 1
GXe — only RRS

!
GXe + LXe RRS

(3.62 + 0.07 stat. & 0.17 sys.) pBqkg !

(1.87 & 0.02 stat. £ 0.09 sys.) pBqkg™! t

(0.90 =+ 0.06 stat. & 0.07 sys.) nBqkg ! |
i et oy g
f

RRS improvements and restart

Norm. res. 222Rn activity concentration [1Bqkg™!]

2.5F
0.0
—-2.5 ) - . . ) |, , . . . .
Jul 01 Aug 01 Sep 01 Oct 01 Nov 017 * Jun 01 Jul 01 Aug 01 Sep 01
2021 2021 2021 2021 2021 2022 2022 2022 2022
msmwesmm Shengchao Li (Westlake U.)

222Rn activity concentration [uBqkg~!]
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