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XENONNT Location
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XENONNT Detector

3 Nested Detectors sharing the same DAQ
All materials very carefully selected for excellent radio-purity

Muon and neutron veto (MV & NV): TPC:

« MV: JINST 9 P11006, [1406.2374] « TPC: Eur. Phys. J. C 84, 784 (2024), [2402.10446]
NV: Eur. Phys. J. C 85, 695 (2025),[2412.05264]

« 700 t Gd loaded water Cherenkov veto detectors.

* Both passive and active shield against cosmogenic
and radiogenic neutrons.

* LXe Dual phase time-projection chamber.

+ 8.5 t of liquid and gaseous xenon, 5.9 t of active target.
* 494 PMTs divided in two arrays (top and bottom).

+ 23 V/cm drift electric field.

* 84 and 120 PMTs covering their surface

XENON program timeline
XENON10
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XENONNT Dual-Phase Xe TPC
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S1 Signal: prompt scintillation photons.
S2 Signal: secondary scintillation photons from
electroluminescence of e- extracted in GXe.
3d vertex reconstruction:

> X, Y:S2 hit pattern in top PMT array

> z: drift time (S2-S1)
Energy reconstruction: from combined S$1 and
S2 signals: E =W ((S1/g1) + (S2/g2))

(W = mean quantum energy = 13.7 eV,
g1 (~0.1) & g2 (~15) gain from calibration)

y3-fit 4 Low energy lines
+le¢ ¥ High energy lines (excluded)
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Recoil identification: from S2/S1 ratio
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XENONNT Science Data

. _ Science Mode 220Rn 88y  mmm AmBe W NG
SRO+1+2: up to 7.83 Tonne-year BImKr s 232Th o 222Rry 37 Ar Livetime:
88YBe ~ 635.3d
* Fiducial mass of 4-5 tonne (analysis-dependent) g0 |
* Three science runs (SR): 3
- SRO: 2??Rn activity = 1.8 uBag/kg 500 | XENON
* SR1: Radon Removal System high-flow mode d SR2
—» >22Rn activity = 0.9 uBag/kg! —_
. SR1a: % 400 - 291.5 days*
- Higher ER rate from 8°Kr, 37Ar, 3H. = L LEEEY SR1 ARENERDA (
+ SR1b: pe
o 300F *
* Low 85Kr, 3TAr after cryogenic distillation. 2 .‘ SRO }‘ 177.8 days /_/
« 3H stil present. -
« SR2: Gd-loaded water (0.02%.) 200 [110.2 days*
—» NV tagging efficiency: 77 = 1 %
(53 = 1 % for SRO-1) 100
L 1 1 L
Jan. Aug. Mar. Oct. May. Dec.
Science Publications 2022 2022 2023 2023 2024 2024

J. Ye's talk
SRO SRO + SR1 SR0+SR1+SR2

Search of new physics in ER  _First Measurement of pp Solar Neutrinos ’ Probing the solar 8B v fog

WIMP search in NR First search of light DM in neutrino fog Light DM 52-0n|y search

WIMP search with 3.1 ty this talk
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SI DM-nucleon cross section [cm
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Probing the Solar 8B Neutrino Fog: CEVNS
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Coherent Elastic V-Nucleus Scattering

» Standard model process predicted in 1974,
first measured by COHERENT in 2017.

* Never measured on Xe target or from
astrophysical source.

- 8B Solar v : Expected to have the largest
detectable number of CEVNS in Xe

—> V. De Romeri's talk

CEvNS and Dlrect Dark Matter Searches
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Probing the Solar 8B Neutrino Fog: from 3 to 2-fold efficiency

Low energy deposit

> 90% of detectable recoils below 2.1 keV 10k llww tion

e mm—CB CEUNS | Selection
5 = = 5.5 GeV/c? WIMP 08k —
<20 w= = 10 GeV/ct WIMP . \
o
g Nearly invisible in NR standard §’ o6l !
gl analysis that requires 3 or more & ‘
2 L —_— |
8 photons (PMT hits) & ‘
a 10 . - o/ 0.4 H
2 — detection efficiency ~ 1%!
% 0 0.2}
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— Lower PMT coincidence from 3-fold (standard NR) to 2-fold to reach CEVNS sensitivity

—_—S1 acceptance (2-f01d) . S1 acceptance = 8B CEPNS w/0 acceptance

asaw Sl acceptance (3'f01d) Eve nt selectlon —gi;%fﬁggaglgge tance =8B CEVNS w/ acceptance

w88 CEVNS spectrum (w/o efficiencies) * S1: 2 or 3 PMT hits 0.5 £

» $2: [120,500] PE ~ 4-18 e- 0.4}
30 F i g
— 17 x higher CEVNS rate! §5os}
o
25 : » compared to 3-fold coincidence g 02f
> ; Q
T 20 F a ] -0.6% 01k
— : 2
42 15 I N CEERTERL ) 0 A é“ Caution
S 10 "~ £ < Higher background T 102}
K * Low energy calibration needed EIN .
4 0.2 . L 2-fold analysis
5F — Done using 8YBe source 1 |
: , Low-energy nuclear recoil calibration of 2 3-fold analysis
0 Lesss 5 ...... :13 T - 0.0 XENONNT with a 88YBe photoneutron g 01 ’]: X,],7 - T T T T TS
source, Phys. Rev. D 113 (2026) 112017 . - . . .
Number of detected S1 hits 05 1.0 15 2.0 2.5

Nuclear recoil energy [keV]
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https://journals.aps.org/prd/accepted/10.1103/rsl9-j1ky

Probing the Solar 8B Neutrino Fog: Accidental Coincidence (AC) BG

AC Dominant background close to threshold

“Isolated” S1 Not detected
» Events from incorrectly paired S1 and S2 signals A
« Raw AC rate~400 per day e
* "Isolated" S1:~ 15 Hz "solated” S2
* "Isolated" S2:~ 0.15 Hz Not detected

AC Events are mitigated using
» Boosted decision tree (BDT) based on S1 waveform PTTTTTTTTTTTTTmmmmmms !
» Boosted decision tree (BDT) based on S2 waveform E Rem':ér:‘f::: I
 Correlation with a preceding high energy interaction ! :
 Delay time: At,.., wrt. preceding large S2 ,
 Variable S2,.../At;.ev is part of likelihood function '
» Large value = close to a large preceding S2

0.5r —— Signal
0.4r
=P
ﬂ', 0.3
2
< 0.2
- ‘ ‘ - > 01_
— : Time
High chance of
delayed ele(;trons 0.0~F0=T 0= """1o= "1 T %
after large signals S2prev/Atprey [PE/ns]
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Probing the Solar 8B Neutrino Fog: Unblinding

Expected number of events Extended binned likelihood in 4D parameter space
» ¢S2 [PE], quantile of S2/At, S1 BDT score, S2 BDT score
» Separate terms for each SRs

AC SRO SR1 SR2 402+ 14 . . .
- » Constraints on rates and yields from ancillary measurements
ER 1.2+1.2
- - 8B CErNS HEAC Neutron MM ER ¢ Data
NR = 0.8%32 100 200 300 400 500
. 30F T T T SR1 40
Sl SRO SR1 SR2 1613 {
20
SR2
100 200 300 400 500 0.0 0.2 0.4 0.6 0.8 1.0
EventS Observed 62 cS2 [PE] Quantile of S1 BDT score
30
Best-fit number of 8B 30 { * 20 { {
. 20
signal events: 17 £ 5 10 10

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Q tile of S2re / Atpre Q tile of S2 BDT
— Background only Signaklike o e TR aclike ACHike " Signal-like

hypothesis rejected at 3.3 o! = » s

« Agreement between best-fit model and data through Goodness-of-fit (GOF)
test based on binned likelihood (95% CL requirement)

* Test definition fixed before unblinding, sensitivity to potential mis-modeling
validated with toy MC

o S2, vl Atyrey Was below GOF threshold in SRO & SR1
— No indication for mismodelling in SR2.

* Note: Removing this dimension from analysis would
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Probing the Solar 8B Neutrino Fog: Results

Fix cross-section — Measurement of solar éB flux

$= 5% x 10°cm=?s?!

Compatible with SNO measurement

L SNO, 2013
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5 10 15 20
8B neutrino flux [10°% cm™2s71]

Fix flux — Measurement of weak mixing angle
at low momentum transfer (~0.02 GeV/c)

By € [0.159,0.330]

Constraints on neutrino charge
radius and Z' coupling
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Probing the Solar 8B Neutrino Fog: Summary

First detection of astrophysical v via elastic NR

First blinded measurement of CEVNS with Xe
First step into "neutrino fog" by a DM experiment

[ == Inverse 8 Decay
v-e in H,0O/D,0O

10° - v-N, NC Inelastic

| — p-ein Liquid Scint.

[ = »-N, CEDNS

i ' N
E 103 3 Homestake —
©
=t X XENONNT as
% , Gallex/GNO i SOLAR NEUTRINO DETECTOR
= 10 3 SAGE !
= i XENONRNT is joining the restricted club
! of experiments able to detect solar neutrinos,
10 3 — ! but with
XENONNDT] j= o o o o o o e
— MUCH SMALLER TARGET MASS

MUCH LOWER ENERGY THRESHOLD

1 1 1 1 1 1
1970 1980 1990 2000 2010 2020
Year
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S2-only Analysis : Motivation

S2-only analysis
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— Extend the parameter space to lighter ([3, 8] GeV/c2) DM
and O(keV) bosonic DM models

PPC 2026, Sydney, August 31st - September 4th, 2026

B.Andrieu

Latest results from XENONNT on dark matter search and solar neutrinos - 13



S1+S2

S2-only Analysis : Challenges

Electronic recoil energy [keVggr]

0 5 10 15
M 1 v T 1
Peak reconstruction
1.0
Event building & selection =
b 08\ [ — <
R Y ) eeemmmm——— LT =
- v
g 0.6 | @
N 3
o4 >
0.2 F
O-O 1 1 1
0 20 40 60 80

Nuclear recoil energy [keVyg]

S1 (>3 PE) + S2 pairing—few keV threshold

S2-only search:

PE

A High S2 gain: g, ~ 15 PE/e™

S2

time

Small S1 gain: g; ~ 0.1 PE/photon

PPC 2026, Sydney, August 31st - September 4th, 2026

S2-only
Efficiency
o

- — #
% \)\Q\ S1 ROI —
[ §2 Quality
................. S1-S2

S2-only \

3.0 4.0 5.0
Recoil Energy Egr [keVy]

Remove S1 — < 1 keV threshold

Downsides:

¥ no S1 no NR/ER discrimination

X no At — no z position

less powerful top-bottom
bkg discrimination
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S2-only Analysis : Signals

Recoil energy
Light WIMPs

Elastic scattering

Vesc

dR Po
dERr 1 myMmXe Jy

dax—Xe
dER

(v)v (v) dv

min

Rate (events / kg - day - keV)

Spin-Independent Spectrum (o, = 104> cm?)
Spin-Dependent (neutron coupling) Spectrum (g, = 10740 cm?)

—_my=3 GeV/c?, Event Rate/t-y: 3.0 (SI), 1.9 (SD)

1 03 :._ —_—my=4 GeV/c?, Event Rate/ty: 21.7 (SI), 14.0 (SD)
F my, =5 GeV/c?, Event Rate/t-y: 52.3 (SI), 33.6 (SD)
——m, =6 GeV/c?, Event Rate/t'y: 86.2 (SI), 55.1 (SD)

1 02 s m, =7 GeV/c?, Event Rate/t-y: 118.9 (SI), 75.9 (SD)
E

10
0.1

1072 |

A\
DM &Xe DM Velocity Model Dependent 3
Properties Cross section L0-3 i WIMP Rlate |
2 3 4 5
Recoil energy Egr (keV)
Axion-like Particle Recoil energy it
Dark Photon ,E a0l —gxiin-l}i‘ket pa;ticlleogae= 10-14
— g —— Dark photon k=10"1¢
ﬁ ﬁ EER _ mX 2 351 _
g 7 10%F
§ 3.0 5
) 5 2} Photoelectric 1 Dark Photon Rate
3 =
kinetic mixing + photo-electric) 3 151 g ALP Rate
£ 10t 1 \/_—_‘
OPE =
RDP X 62 : R XX 2, m - O o551 02 03 0d 05 01 02 03 02 05
mDP ALP gae ALP PE Electronic recoil energy [keV] m [keV/c?]
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S2-only Analysis : Backgrounds

r Delayed Electrons (DE): \ th
> Position & Time correlated with the Gas.”SZ W]'ft ) <3usdueto
parent S2. smaller diffusion
A A A LA > Large S2 width due to the peak merging e
S0 DEs mme > Correlation-based CNF and BDT srl1 Rn220
k machine J
40
— 40
(Top-electrodes) 3 30 &3]
= S 30 A
Negligible ~ 2"°d€ ¢ ot 3
after width cut ~ 9ate ﬁ 20 20 ©
i
2 »
Delayed electrons (DE) % 10 ¢ 10
Accidental electrons (AE) G
(Electrons trapped in the as —
impurities) 0 1 ] ] ] 0
200 400 600 800 1000
s cs2_wo_elifecorr [PE]
Cathode electrod ) .
( TR0Ce s CPT‘EEW) Cathode: S2 width ~ 10 us large
Simulation by Negligible overlap with signal region
data-driven sidebands after radius cut Tme ywaveform-based BDT machine

Images credits: Yongyu Pan
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S2-only Analysis :

What we have now:

DE, AE, cathode background
modeling in full space

Enlarged ROI

S2 width

-
B

— o - - =
——_—
-

ety ey 2w m o w o m;E moEoEoE

L/~ (top electrodes removed)

Signal

S2 area

Background modeling

Objective:

Estimate the DE, cathode
background in blinded Signal ROI

= Science ROI
;=
=
o
n

Background leakage

/ N
_____ I
. >
Signal S2 area

Sideband technique:

Unblind the sideband region,
correct and normarlize the background

modeling in Signal ROL.
= Sidebands
3
E * x
N mcxv*
%) SCRATCH

N

. z e e = -
’___
-

S2 area

(1) Background modeling from simulation can be different from the actual distribution from data
(2) Science ROI (full cut list), enlarged ROI (loose cut list without BDT cuts)
(3) Background validation is done on Rn220, Rn222 calibration in different SRs

PPC 2026, Sydney, August 31st - September 4th, 2026
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S2-only Analysis : Background validation after unblinding

A Science ROI (full cut list) enlarged ROI (loose cut list without BDT cuts)
=
g
E‘ Science ROI < Enlarged ROI BN Cathode NN DE [ AE o °B | DM
@ E “r ,E 3000
N I R 2000
\\\ . - A \\ E 1000
I\ —I k\\\ 0
,/_ - == ==k Signal ,'\‘\-_ ‘ 10
L~ ] ——_-___—;
> 1 s 08F -
S2 area L’I e 9 3
mm C 8 == > o 06
athode [E DE [1AE [ 1°B DM
S2area M
S 04
o 1000 F , g o0
o - =
£ 500 _—‘ S 02
0 — 0.0
SO 05 1.0 20 30 4.0
. 3 100 Recoil energy NR |keV,,|
12¢ 10!
—_ o 1072 -
7] ~
2 10 g 1073
< o> 10
N 8 \ o 10-6
“ ‘ 9 307
| 10-8
6 107° ‘ s :
L R - 51T 03 03 04 05 e
el - Recoil ene ER [keVe]
4 100 200 300 400 0 200 400 I o
cS2 [PE] Events -
. . =
Validation of background model: =
* Unblind 7.83 t x yr of data over 3 Science Runs (SR0-2) =
* First complete S2-only background model, validated 2
across different dimensions
« Cathode background is dominant while accidental electron (AE) :
. ] ) ) 100 200 300 400 0 10002000
primarily contributes to the lowest energy bin. ¢S2 [PE] Events

PPC 2026, Sydney, August 31st - September 4th, 2026 B.Andrieu Latest results from XENONNT on dark matter search and solar neutrinos - 18



S2-only Analysis : Results & Limits (NR channel)

Science run (exposure) SRO (1.50t - y) SR1 (2.44t-y) SR2 (3.89t -y)
Component Expectation Best fit Expectation Best fit Expectation Best fit
Cathode 480 £ 70 47718 660 + 70 726125 1210 £ 90 1080 + 30
Delayed electron 1.3£0.5 1.3£0.5 0.34 +0.07 0.34 + 0.07 172+ 2.3 171+ 2.3
Accidental electron 97 + 17 89+ 13 108 £ 8 106 £ 8 —
’B CEvNS 21+5 1845 29+ 7 2617 32.3+8 2918
Total background 600 + 80 586 + 28 800 + 80 858+30 1260 + 100 1130 + 30 Good agreement
Observed [ 583 864 - 1107 — = No Slgnal excess
1041 B (a): SI DM-nucleon scattering (b): Light mediator my < 10MeV/c? <«
: {10737 %
Y 10742 g
5 -
- DarkSide-50 (2023) 110-38 NE
é’ 1043 E g
8 ] <
5 P
< 10 41073 ©
: {
E 1045 g
i 1074 2
-46 | =
10 A
o 1 1 1 1 1 1 1 1 1
3GeV/c? 4 5 6 7 8 3GeV/ic? 4 5
10-36 (c): SD DM-neutron scattering
o £
£ 10737 E
=, :
2
D 1038
g
o :
j:{ L
g 1079
& :
S [
A 10740 ¢
1041 ] ] ] 1 ]
3 GeV/c? 4 5 6 7 8
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S2-only Analysis : Results & Limits (ER channel)

Science run (exposure) SRO (1.50t - y) SR1 (2.44t-y) SR2 (3.89t -y)
Component Expectation Best fit Expectation Best fit Expectation Best fit
Cathode 480 + 70 47712% 660 & 70 726138 1210 + 90 1080 + 30
Delayed electron 1.3+0.5 1.3+0.5 0.34 £ 0.07 0.34 £ 0.07 17.24+2.3 17.14£2.3
Accidental electron 97 £ 17 89+ 13 108 + 8 106 + 8 —
’B CEvNS 21+5 1845 29+ 7 2617 32.3+8 2918
Total background 600 + 80 586 + 28 800 + 80 85890 1260 + 100 1130 &+ 30
Observed [ 583 864 - T107 —
(d): DM-electron scattering ‘g
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Good agreement
= No signal excess

Kinetic mixing
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S2-only Analysis : Summary

S2-only analysis allows XENONNT to probe
lighter (3-8 GeV/c?) DM and O(keV) Bosonic DM

First complete background model for S2-only analysis
Advanced ML techniques used for background suppression

Blinded S2-only analysis of data~7.83 tonne-year
exposure, extending limits for multiple DM models.

Most stringent limit set on ~5 GeV light WIMPs And also on [0.04, 0.2] keV ALPs
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Summary and Outlook

Blinded analysis across three XENONNT SRs Following a 1-year upgrade after SR2,
= . S = = u = '
yield a 3.30 observation of 8B solar CEVNS XENONNT 2.0 is now in commissioning!

* New electrodes
and new best limits on light DM « Exchange of problematic PMTs

» Improvement in TPC condition stability
Stronger drift field (as designed)
Better Extraction Efficiency
Improved ER/NR discrimination
» Enhanced Neutron Veto performance

The search for dark matter with LXe detectors
has officially reached the neutrino fog!

Measurement of 8B solar CEVNS at 50 is in
Light WIMP results S2-Only+CEVNS reach within the lifetime of the experiment!

(c): SI DM-nucleon scattering
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Backup
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XENONNT : Neutron Veto improvement

{ 0 ppm GdSO
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» Planned 10x higher Gd mass:
expected tagging efficiency of 87%. 10+
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Probing the Solar 8B Neutrino Fog: Low-E NR 88YBe calibration

—_
—_

Low energy NR calibration with 88YBe B
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» The low-energy NR response is calibrated with 152 keV neutrons
from an external 8YBe source

LPL

« Calibrate detector with neutrons on/off (Yttrium-PVC gamma-
only source)
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Probing the Solar 8B Neutrino Fog: Backgrounds

Intrinsic radioactive
contaminants in xenon
volume

Radon daughters
plating out into PTFE
wall

PPC 2026, Sydney, August 31st - September 4th, 2026
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Probing the Solar 8B Neutrino Fog: AC Rejection

Isolate ST and S2 rate and discrimination of AC events based on time and spatial correlation with preceding signals
and boosted decision tree (BDT) trained on S1 and S2 waveforms: rejection power around 90% with a signal
acceptance of 80% !

Correlations with High Energy signals

S1BDT
¢
&1‘6’0:% /\
% /\
W
>

'S > Good STs Isolated STs time
Train of isolated S2s  time $2 BDT
After suppression: Y=Y -N-§-U-§-Y-§-§--|
SR S1[Hz] S2[mHz| AC [uHz] WE e e | e A
SRO 2.3 16.6 0.80 ‘ ® 2
SR1 2.2 21.5 0.99 ‘ - “_g
SR2 1.7 17.7 0.60
° |

Additional ~20% suppression in SR2 via advanced . =~ 80 ————————— —_—_______

peak classification and S2 merging! rTrrTrTr TrTrTrTw
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S2-only Analysis : Background suppression & modeling I

?ep—eleet—re.)des—i-
Radieaetivity ==

Negligible gate |

after width cut

cathode E-

Cathode electrodes
(Radioactivity)

Simulation by
data-driven sidebands
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S2-only Analysis : Background suppression & modeling II

DEs

S2
DE:
e Position & Time correlated with the parent S2
e Large S2 width due to the peak merging
e Correlation-based CNF and BDT machine

anode ¢ 40 | 40
gate § :
w 30 )
= § 30 &
= @
= &
Delayed electrons (DE) = 20 S,
Accidental electrons (AE) f] =
(Electrons trapped in the n
impurities) 10
cathiode £ —
9 1 1 1 1 0
200 400 600 800 1000
cS2 [PE]

AE: pile-up of single DEs
e Poor pile-up PMT pattern
e Mitigated by pattern likelihood cut
e Modeled in data-driven way
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S2-only Analysis : Background Summary

Top electrodes / Gas events Cathode electrodes
Origins Radioactivity from 222Rn decay chain
Kev features Small S2 width < 4 us due to Large S2 width spread [0, 20] us due to
v small drift length ~few cm large drift length ~140 cm
Cut Development S2 width cut BDT machine using waveform features
Remaining events Negligible Simulation- and data-driven modeling
after cut
Delayed Electrons (DE) Accidental Electrons (AE)
Origins (DE: one-time emission, AE: pile-up of different emissions)
Large S2 width due to peak merging
Key features — - - -
Position & Time correlated with the parent S2 Poor pile-up PMT pattern
Cut Development BDT machine using the above correlation S2 pattern cut
Remaining events Data-driven modeling
after cut

PPC 2026, Sydney, August 31st - September 4th, 2026 B.Andrieu Latest results from XENONNT on dark matter search and solar neutrinos - 30



