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The XENON Collaboration

XENON10
T 2005
25 Kg LXe

XENON100
2008
160 Kg LXe

XENON1T
2016
3200 Kg LXe
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The XENONNT Experiment

Water Cherenkov
Muo

- ~10 x 10 m diameter X height
- 84 PMTs (8" Hamamatsu R5912-ASSY)

Gd-loaded water Cherenkov
Neutron Veto (NV)

e

- ~2 x 3 mradius X height

- 120 PMTs (8" Hamamatsu R5912)
- 0.05% GdSO concentration (since 2023)
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LXe Time
Projection
Chamber (TPC)

—— l

- 5.9 t active LXe mass

- 1.3 x 1.5 m diameter X height

- 494 PMTs (3" Hamamatsu R11410-21)
- 23 V/em electric drift field

- 2.9 kV/cm extraction field



Dark Matter Direct Detection with XENONNT

Main detection channel: coherent elastic weakly interacting massive particle (WIMP) - nucleus scattering

Signals:
- Prompt scintillation light (S1) in liquid xenon (LXe) -
> - Secondary light (

) in gas xenon (GXe) from ionization charges

drift time
(depth)

Dual-phase TPC technology provides:
+ 3D position reconstruction
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The first two science runs

- Data taken between July 2021 and August 2023
» ~3.51 xyrexposure
» 4 ttiducial mass
- Stable detector response
- Light yield <1 % variation
- Charge yield <3 % variation
- High liquid xenon purity
- Electron survival probability > 90% at the maximum drift length
Regular calibrations to study detector response and light/charge

gains
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Physics Results so far

ER channel

Phys.Rev.Lett. 129 (2022) 16, 161805

2022
SRO

NR WIMP dark matter

Phys.Rev.Lett. 131(2023) 4,041003
arXiv:2502.18005 (2025)

2023, 2025

SRO, SRO + SR1

Paloma Cimental | EPS-HEP | July 8th 2025, Marseille

U

5B solar neutrinos

Phys.Rev.Lett. 133 (2024) 19, 191002

2024
SRO + SR1


https://inspirehep.net/literature/2122386
https://inspirehep.net/literature/2646104
https://arxiv.org/abs/2408.02877
https://arxiv.org/abs/2502.18005

Physics Results so far

Thistalk [ )
NG U

5B solar neutrinos

Phys.Rev.Lett. 133 (2024) 19, 191002

2024

SRO + SR1

\_ /
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lastic Scattering of Dark Matter and Neutrinos 5

PHYSICAL REVIEW D VOLUME 9, NUMBER 5

Coherent effects of a weak neutral current - ° CEDNS COherent ElaStIC NeUtran B NUCleUS SCatterlng

Daniel Z. Freedmanft
National Accelerator Laboratory, Batavia, Illinois 60510

° [ ]
and Institute for Theoreticak Physics, State University of New York, Stony Brook, New York 11790 ° F. r -t m ea S red b CO H E R E NT 2 O 1 7 W I ‘th S a | | a‘tl O n n e u ‘t rO n SO u rce
(Received 15 October 1973; revised manuscript received 19 November 1973) I S u y p

If there is a weak neutral current, then the elastic scattering process v + A —v + A should
have a sharp coherent forward peak just as e + A —¢ + A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The 8 o o
experiments are very difficult, although the estimated cross sections (about 10~%® ¢m? on ° B C Ey N S t I Ca | re CO I | e n e r < 1 5 eV
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost — ° N R
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-

coherent nuclear excitation processes v + A —~v + A*provide possible tests of the conservation of
the weak neutral current. Because of strong coherent effects at very low energies, the

e A e o e e s ot s » Mimics single scatter NR signals expected from WIMPs

LA | Tt LA | | BB
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Acceptance

Events [t~y 1keV~!]

S1 acceptance 8B CEvNS w/o acceptance

S2 acceptance =8B CEVNS w/ acceptance

- Combined acceptance

[N

-
N
T

H
-
|'| T T 11110 ™TTTT

2-fold (this search)

f—

S
[

| | |
0.5 1.0 1.5 2.0 2.5
Nuclear recoil energy [keV]

Lowering the Threshold
. 0.2 B events expected in 3-fold conventional analysis
- PMT coincidence requirement reduced from 3 to 2 hits*
Region of interest for 58 CEUNS search:
- §1:12, 3] hits
- 52:1120, 500] photoelectrons ~[4,17] electrons
~17 times larger 5B CELNS rate!
- Lowering the energy threshold is essential to increase the signal acceptance, but requires:
- Model detector response to low-energy NRs
- Suppress and constrain increased background
7

*PMT hit corresponds to a detected photon
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Low-Energy Calibration with >SYBe

arXiv:2412.10451

0.16 |

0.14
01
. 0.10
2 0.08
0.06
0.04
0.02

External S°YBe source:}/+9Be — n+5Be
. ~quasi-monoenergetic 152 keV neutrons

- Nuclear recoil spectrum similar to 5B

Excellent match between simulations and calibration data

Fit to NEST model to ®®YBe data to predict light and charge yields at the XENONNT drift field

x101 [—1YBe Best-Fit Sim YBe Data
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YBe Fit —— NEST v2.3.5
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https://arxiv.org/pdf/2412.10451

Dominant Background: Accidental Coincidence

Not detected
- Random unphysical pairing of isolated $1 and §2 S
- Dominant background close to the threshold
- Rate before mitigation: —_—
- - ~15 Hz Time
- ~0.15Hz Not detected
- With max. Drift time of 2.25 ms — ~400 AC
events per day _—
Time
+ S1and S2 Boosted Decision Tree (BDT) classifiers using : Reconstructed AC event E
[1
waveform shape properties : :
- 52 time shadow selection | el :
" Time
4

GO EmE EEEEEEEBEBNEBB BB B BNBBNBBDB B
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- Mitigated utilizing selections based on time and position correlation

AC Background Suppression g

Used in inference Excluded
to their preceding high-energy S2 peak —  —
0.5f 1 |
gzprev — Signal
Time shadow = Max —— Isolated S1
Atprev 0.4F
=
< 0.3
D
Identified as S2 e
~ 0.2F
|dentified as S1
0.1
e > E— T I T SRS T SNV o 10
Atprev Tlme Szprev/Atprev |PE/ns]
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Signal & Background Prediction

8B CEvNS HEE AC Neutron MMM ER ¢ Data
100 200 300 400 500
SR( 25
20
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._g 15 g
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(@R 2,
210 &
AC (SR1) 17.8 = 1.0 ® g 10
e [
5
5
ER 0.7 &= 0.7
SR1
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Total exposure: 3.51 ton-year
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Unblinding Results

Component Expectation Best-fit
AC (SRO) 7.5 £ 0.7 7.4 £ 0.7
AC (SR1) 17.8 £ 1.0 17.9 £ 1.0
ER 0.7 + 0.7 0.570 6
Neutron 0.570% 0.5 + 0.3
Total background 26.477°5 26.3 + 14
B 11.9743 10.7137
Observed 37

- Overall data agrees with the signal + background
expectation in the four-dimension analysis

- Tension in the time shadow dimension is under
Investigation

&)

8B CEvNS I AC

100 200 300 400 500
T T T T SR(
20F

= 1 -
g 19 : 3
—~ —
(e)) («))
2, Q.
B 10F A
= =
: :
S i

SR1

100 200 300 400 500

N
an

N}
o
T

Events per bin
—_
o

&)}

Signal-like

cS2 [PE]

p—
o
I

[ ]

Events per bin

0.0 04 06 08 1.0

Quantlle of S2pre / Atpre

ﬁ

AC-like

Paloma Cimental | EPS-HEP | July 8th 2025, Marseille

Neutron MMM ER ¢ Data
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Statistical Inference

Similar results by Panda-X-4T
Phys. Rev. Lett. 133, 191002 (2024)
o SNO, 2013
- The background-only hypothesis is disfavored at 2. 7 30 e | XENONIT, 2021
- Measured °B neutrino flux: (4.71“3:2) X 100 cm—2 - s—1 . | ENONAT. 2024
' ' (This Work)
» Flux measurement in agreement with SNO (2013) s
COHERENT | N
m F Csl, 2022 © 68% CL threshold
C% : OO 9 10 115 ZIO
! A 20t 8B neutrino flux [10° cm™2s71]
| XENON
% | 0: | Xe, 2024 (This Work) . . L.
21, ! e 2001 » Ocg,ns in agreement with standard model prediction
B I T T
Flux-weighted OCEvNS [sz]
14
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(Fiducial) Mass [t]

= Taverse f Decay - XENONNT performed a blind search for °B CELNS
l v-e in H,O/D>,0O
10% f — »N, NC Inelastic - 2.730 discovery significance
| == p-e in Liquid Scint.
| = »-N, CEbNS . i - Measured B neutrino flux: 4.73'2 X 100 cm—2 - s—1
10° E Homestake S |
- First detected astrophysical o in a dark matter detector
Gallex/GNO . ° .
10 SAGE Jorenne - First measured CENS from astrophysical 2 source
- First measured CELNS with a Xe target
10 F
n XENONNT . o . .
= - XENONNT already finalized the third science run (SR2):
L stay tuned for more results...
Year
xenonexperiment.org X @XENONexperiment @xenon_experiment 15
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R. Hammann

The Smallest

Solar Neutrino Detector
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Additional slides




Events per bin

AC SIDE BAND

200 500
1
¢
200
100 $
Lo
200 500
cS2 [PE]
150
r !
100 : :
50 i i
! l L
0.0 0.2 0.6 1.0
Quantile of S2pre / Atpre
150 .
¢ l |
100 : :
50 i i
! l l
0.0 0.2 1.0
Quantile of S1 BDT score
150 ¢ . .
100 : |
I I
50 : :
! l l
0.0 0.2 1.0

Quantile of S2 BDT score

SRO

SR1

- AC mode

Validation of AC model

- Validated with AC-rich sideband

(events that failed the S2 BDT

cut)

test (p-value =0.16)

- The difference (< 10%) is

propagated as systematic

uncertainty to final likelihood

validated with 4D GOF

Events per bin

3T Ar L-shell EC

STAr M AC ¢ Data
é

500 ¢ '
250
SRO
100 200 300 400 500
cS2 [PE]
[ ]

500 ¢ .
250

0.0 0.2 0.4 0.6 0.8 1.0

Quantile of S2pre / Atpre

750 ’
500 :

250

0.0 0.2 0.4 0.6 0.8 1.0
Quantile of S1 BDT score

500 ¢

250

0.0 0.2 0.4 0.6 0.8 1.0
Quantile of S2 BDT score
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- Validated by 3TAr Lshell

0.27 keV ER calibration
data

» Fit match signal +

background model

» 4D GOF test: p-value 0.92
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S1 BDT

Signal Background
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S2 BDT
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1st: S2 width at 50 %

1072

10!
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2nd: Rise time

~100 —50
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Reject about 90% AC with 80% signal acceptance

4th: Drift time

3rd: S2 width at 90 %
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