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The XENON Collaboration

Over 20 years developing Liquid Xenon TPCs for DM searches

Now encompasses 200+ scientists from 31 institutions in 12 countries
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The XENONNT experiment

XENONNT: current iteration of the XENON program.
Located in the underground laboratories of LNGS, Italy.
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The XENONNT experiment

XENONNT: current iteration of the XENON program.
Located in the underground laboratories of LNGS, Italy.

5.9 tons of liquid xenon in its active volume,
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The XENONNT experiment

XENONNT: current iteration of the XENON program.
Located in the underground laboratories of LNGS, Italy.
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5.9 tons of liquid xenon in its active volume,

with external neutron and muon vetoes.
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3-D position reconstruction of energy depositions

> (X, y) :from S2 hit patterns

5 7 - from S1-S2 time delta
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The XENONNT experiment

XENONNT: current iteration of the XENON program, aims to directly detect DM.
Located in the underground laboratories of LNGS, Italy.

5.9 tons of liquid xenon in its active volume,

with external neutron and muon vetoes.
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Discrimination of NRs from ERs
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The XENONNT experiment

First commissioned in 2020/21, XENONNT underwent an upgrade campaign in 2025/26.
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The XENONNT experiment

First commissioned in 2020/21, XENONNT underwent an upgrade campaign in 2025/26.

Acquired 6.8 ton-years of exposure
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The XENONNT experiment

First commissioned in 2020/21, XENONNT underwent an upgrade campaign in 2025/26.

Acquired 6.8 ton-years of exposure
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We use SR1 (2.1 ty) for the MiDM search “YBe | ~635.3d
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The MiDM model

MiDM features 2 finely split DM mass states, mediated by a magnetic dipole b,
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The MiDM model

MiDM features 2 finely split DM mass states, mediated by a magnetic dipole b,

Parameter ROI for XENONNT
Mass of the ground state m €& (20 GeV/c? to 5 TeV/c?)
I M
X
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The MiDM model

MiDM features 2 finely split DM mass states, mediated by a magnetic dipole b,
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Parameter

ROI for XENONNT

Mass of the ground state

m €& (20 GeV/c? to 5 TeV/c?)

Mass splitting

o)

€ (20 to 250 keV)
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The MiDM model

MiDM features 2 finely split DM mass states, mediated by a magnetic dipole b,

Parameter ROI for XENONNT
Mass of the ground state m & (20 GeV/c? to 5 TeV/c?)
Mass splitting 6 € (20 to 250 keV)
Magnetic dipole moment u, € (0 to 10 my,)
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The MiDM model

MiDM features 2 finely split DM mass states, mediated by a magnetic dipole L,

Spontaneous decay of the excited
state by photon emission

3 2
™ 100keV | |10 3up
0 Ky Hx
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MiDM signatures in XENONNT

Liquid phase PMTs Gas/phase Dominates when >5 us
The decay of y* can take place: l\ll I I_I_I_I_TI_H (N4
Outside the detector: only the scatter is detected / BEESE
| ' =]
i i % 2
» Pure NR, with similarities to WIMP analysis % ﬁ
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AENNNENNNN | d
Time
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MiDM signatures in XENONNT

Liquid phase PMTs Gas phase

IBERBE

The decay of y* can take place:

Outside the detector: only the scatter is detected
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MiDM signatures in XENONNT

Liquid phase PMTs Gas phase

The decay of y* can take place: (N4

Outside the detector: only the scatter is detected g X

PMT signal

NR

- Pure NR, with similarities to WIMP analysis 2
S1

[ime

Inside the detector: scatter and decay are detected ?

2 NR + ER, novel signal topology and analysis ER

The search takes into account both cases.

Analyses are carried out separately and merged at the statistical inference level.
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MiDM signal modeling: nuclear recoils

Signhal templates are obtained for all m, and d.

- Obtained through response simulation from MiDM recoil energy spectrum.

m, = 1 TeV/c?, p, = 1073y
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MiDM signal modeling: nuclear recoils

Signhal templates are obtained for all m, and d.

- Obtained through response simulation from MiDM recoil energy spectrum.
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MiDM signal modeling: full-chain simulations

Study Description

Reconstruction accuracies | Signal size and positions, event velocities and directionality
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MiDM signal modeling: full-chain simulations

Study Description

Reconstruction accuracies | Signal size and positions, event velocities and directionality

S1and S2 merging rates Reconstruction efficiency of S1 and S2 signals
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MiDM signal modeling: full-chain simulations

Study Description

Reconstruction accuracies | Signal size and positions, event velocities and directionality

S1and S2 merging rates Reconstruction efficiency of S1 and S2 signals
Signal topology split Fraction of NR-only vs. NR + ER signals.
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Double-site signals: kinematic and velocity selections

Kinematic selection Velocity selection

MiDM-induced NR and ER energies are
correlated by conservation of momentum.

m, = 1 TeV/c?, g, = 107 3uy
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Double-site signals: kinematic and velocity selections

Kinematic selection Velocity selection
MiDM-induced NR and ER energies are Speed of y* is bound by the scatter kinematics
correlated by conservation of momentum. , o

»> Reconstructed from NR-ER time and position.
- my = 1 TeV/c?, py = 10~y > Accuracy verified through simulations
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Double-site signals: directional selection

DM particles move isotropically in the galactic frame, but Earth has a net velocity.

MOTION OF EARTH AND SUN AROUND THE MILKY WAY

North Celestial Pole

North Galactic Pole

_ Galactic Plane
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Double-site signals: directional selection

DM particles move isotropically in the galactic frame, but Earth has a net velocity.
» Directional clustering is significant since v = v
y 4

> Signal-to-background boosted by a factor ~ 5

MOTION OF EARTH AND SUN AROUND THE MILKY WAY

North Celestial Pole

North Galactc Pole : ' Directional PDF of MiDM with v« = 200 km/s Directional PDF of MiDM with v« = 500 km/s

North Eliptic Pole
*

. Galactic Plane

0 1
Differential MiDM rate relative to an isotropic distribution
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Backgrounds in the search for MiDM

Single-site channel Double-site channel
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Backgrounds in the search for MiDM

Single-site channel Double-site channel

Electronic recoils, accidental coincidences
and surface events » same as WIMP search

Expectation of ~800 background events
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Backgrounds in the search for MiDM

Single-site channel Double-site channel

Electronic recoils, accidental coincidences
and surface events » same as WIMP search

Expectation of ~800 background events

SRla

10*

> Modeled in (cS1, cS2, R)
for statistical discrimin.
against MiDM signal

0 20 40 60 80 100
cS1 [PE]
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Backgrounds in the search for MiDM

Single-site channel Double-site channel

Electronic recoils, accidental coincidences
and surface events » same as WIMP search

Expectation of ~800 background events

SRla

10*

> Modeled in (cS1, cS2, R)
for statistical discrimin.
against MiDM signal

5> O(10) MiDM-like events & = e
8 SR1b

are necessary for

statistical significance

0 20 40 60 80 100
cS1 [PE]
David Anton-Martin | First Search for Magnetic Inelastic Dark Matter in XENONNT June 1st 2026, Les Rencontres de Noirmoutier 10




Backgrounds in the search for MiDM

Single-site channel

Electronic recoils, accidental coincidences
and surface events » same as WIMP search

Expectation of ~800 background events

> Modeled in (cS1,cS2,R) o
for statistical discrimin.

against MiDM signal

> O(10) MiDM-like events £ = e
are necessary for e
statistical significance

cS1 [PE]
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Neutrons are emitted by radioactive

Double-site channel

impurities in the detector materials.
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Backgrounds in the search for MiDM

Single-site channel
Electronic recoils, accidental coincidences
and surface events » same as WIMP search

Expectation of ~800 background events

SRla

10*

> Modeled in (cST, cS2, R)
for statistical discrimin.
against MiDM signal “

5> O(10) MiDM-like events £ | T
are necessary for

statistical significance (
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Double-site channel

Neutrons are emitted by radioactive
impurities in the detector materials.

Expectation of ~0.001 bkg events
> Thanks to MiDM-like cuts

> 1T event is significant at 3¢ level

o g Tagged by neutron veto
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Results and signal significances

Single-site channel

After unblinding and event selection, we
observe 810 single-site events and O
double-site events
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Results and signal significances

After unblinding and event selection, we
observe 810 single-site events and O

double-site events

We perform a combined Log-Likelihood Ratio

(LLR) test comparing B, to B, +S hypotheses.

Fit parameter

Best fit

Ground state mass (mx)

Mass splitting (d)

Magnetic dipole (yx)
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Results and signal significances

After unblinding and event selection, we
observe 810 single-site events and O

double-site events

We perform a combined Log-Likelihood Ratio
(LLR) test comparing B, to B, +S hypotheses.

Fit parameter Best fit
Ground state mass (m,) 50 GeV/c?

Mass splitting (d) 120 keV
Magnetic dipole (u,) 25x10% u,,
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Results and signal significances

Single-site channel Double-site channel
. . NN ER W Surface NR EEEAC W MIDM o ”
Fit parameter Best fit 180 Directional Cut
104 | SRla 5 160
2 . ’ » =109,
Ground state (m,) 50 GeV/c _— xt,..é&a,,f'?'*’i."a fi0f
s " 5 1001 e
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103 b Eeoft T~
i i -4 C S a0
Magnetic dipole (uX) 2510 u EeE
0 T T T T
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= 104
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1400 A
1200 A
103 = 1000 -
. . X 800 A
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Limits from our combined dataset

We set world-leading constraints on the magnetic dipole moment of DM

Improvement of the sensitivity of 10° to 10° wrt. previous best

102 5

Magnetic iDM

m, [GeV/c?]
1073 5 —_ 20
60
120
1G5 — 1000
1 I 1 1
20 50 100 150 200 240

6 [keV]
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The end!

Thank you for your time and attention.

Happy to hear any comments and answer questions.
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104 4

Best-fit and signal significances

We search for the combination of (mx, J, ux) which best fits our

combined dataset.
Ground state mass (mx) 50 GeV/c?
Mass spliting (d) 120 keV
Kiyolslng, Magnetic dipole (u,) 25x10% u,,
domingted\\ ¥ lifetime (r) 735 us E = - ::
Statistical significance 1.6 o o

Number of events in best-fit

NR-only MiDM 7.0 ER background 776

NR+ER MiDM 0.01 | Surface background 1.2

T T T T
0 20 40 60 80 100

Neutron Bkg 12 AC background 59 -

June Ist 2026, Les Rencontres de Noirmoutier 13

David Anton-Martin | First Search for Magnetic Inelastic Dark Matter in XENONNT
T SSSGGSGSGSSGSSS———————————mymv:;G ;=



Limits for Spin-Independent iDM

The NR-only channel alone allows us to search for decay-less iDM

We assume spin-independent cross-section between DM and nucleons
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MOdeling of 124Xe DEC BN ER WM 2vECEC WM Surface NR EEEAC

104 F SRla
The (cSl, c¢S2) response of '*“Xe DEC events is not well P T s——
understood ¢
» DEC results in Auger cascades: many initial quanta 103 1

» This could affect the ionization density, decreasing
the charge yield

R&D measurements suggest charge yield 20% 10%F SR1b

lower than ERs
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