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200+ members
XENON PROJECT

12 countries
The XENON project aims at the DIRECT
DETECTION of DARK MATTER with Liquid Xenon
deep underground (1.4 km rock = 10% p reduction
factor) at the INFN Laboratori Nazionali del Gran
Sasso, Italy.
It is operational since 2020, with 5.9 t of LXe inside
the TPC.
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3 NESTED DETECTORS INSIDE#
XE 700 t WATER TANK (WT)

e 59t ACTIVE mass (8.6 tin total), 1.3 mxh1.5m

e 494 3” PMTs
e RARE-EVENTS searches via NUCLEAR/ELECTRONIC RECOILS (NR, ER)

Eur.Phys.J.C 84 (2024) 8, 784
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3 NESTED DETECTORS INSIDE#
XENONNT EXPERIMENT 700 t WATER TANK (WT) -
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e 59t ACTIVE mass (8.6 tin total), 1.3 mxh1.5m
e 494 3” PMTs
e RARE-EVENTS searches vio NUCLEAR/ELECTRONIC RECOILS (NR, ER)

Eur.Phys.J.C 84 (2024) 8, 784

Gd-WATER CHERENKOV NEUTRON VETO (NV) ?

e 33 m3 around cryostat,@2mxh 3 m t I‘I"-
e 120 8” PMTs 4
e RADIOGENIC NEUTRONS from materials

Eur.Phys.J.C 85 (2025) 6, 695 o'~
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rDUAL-PHASE Xe TIME PROJECTION CHAMBER (TPC)

3 NESTED DETECTORS INSIDEZS
XENONnT EXPERIMENT 700 t WATER TANK (WT)

e 59 t ACTIVE mass (8.6 tin ftotal), 1.3 mxh15m
e 494 3” PMTs

e RARE-EVENTS searches via NUCLEAR/ELECTRONIC RECOILS (NR, ER)
Eur.Phys.J.C 84 (2024) 8, 784

Gd-WATER CHERENKOV NEUTRON VETO (NV) f

e 33 m3around cryostat, @2mxh 3 m ,*'"-
e 120 8” PMTs
e RADIOGENIC NEUTRONS from materials

Eur.Phys.J.C 85 (2025) 6, 695 "~

Gd-WATER CHERENKOV MUON VETO (MV)

e 700 t water, 310 mxh10m
e 84 8” PMTs

e MUON-induced NEUTRONS (active veto), y and neutrons from

natural RADIOACTIVITY (passive shield) Eur. Phy. J. C 84 (2024) 784
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LXe TPC DETECTION PRINCIPLE

drift time
(depth)
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LXe TPC DETECTION PRINCIPLE

« READOUT of SCINTILLATION AND IONIZATION signals
S1: prompt scintillation signal in LXe (LIGHT)
S2: secondary light from drifted e~ in GXe (CHARGE)

drift time
(depth)
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LXe TPC DETECTION PRINCIPLE

« READOUT of SCINTILLATION AND IONIZATION signals
S1: prompt scintillation signal in LXe (LIGHT)
S2: secondary light from drifted e~ in GXe (CHARGE)

* EVENT RECONSTRUCTION
3D POSITION: x-y (PMTs light pattern)
Z (drift time)

. _ W(ny+n.) W =average energy to produce a quanta
ENERGY: Edep - L L = Lindhard quenching factor (ER~1, NR=0.2)

drift time
(depth)
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LXe TPC DETECTION PRINCIPLE

drift time
(depth)
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« READOUT of SCINTILLATION AND IONIZATION signals

S1: prompt scintillation signal in LXe (LIGHT)
S2: secondary light from drifted e~ in GXe (CHARGE)

EVENT RECONSTRUCTION
3D POSITION: x-y (PMTs light pattern)
Z (drift time)

. _ W(ny+n.) W =average energy to produce a quanta
ENERGY: Edep - L L = Lindhard quenching factor (ER~1, NR=0.2)

PARTICLE DISCRIMINATION

Interaction type through $2/S1 ratio: (%)NR < (%)ER
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LXe TPC DETECTION PRINCIPLE

drift time
(depth)

READOUT of SCINTILLATION AND IONIZATION signals
S1: prompt scintillation signal in LXe (LIGHT)
S2: secondary light from drifted e~ in GXe (CHARGE)

EVENT RECONSTRUCTION
3D POSITION: x-y (PMTs light pattern)
Z (drift time)

. _ W(ny+n.) W =average energy to produce a quanta
ENERGY: Edep - L L = Lindhard quenching factor (ER~1, NR=0.2)

PARTICLE DISCRIMINATION

Interaction type through S2/S1 ratio: (%) < (E)ER

NR S1

40 60 80 100 120
cS1 [PE]
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LXe TPC DETECTION PRINCIPLE

drift time
(depth)

READOUT of SCINTILLATION AND IONIZATION signals
S1: prompt scintillation signal in LXe (LIGHT)
S2: secondary light from drifted e~ in GXe (CHARGE)

EVENT RECONSTRUCTION

3D POSITION: x-y (PMTs light pattern)
Z (drift time)

w e =
ENERGY: Edep _ (n,+n.) W = average energy to produce a quanta

L L = Lindhard quenching factor (ER~1, NR=0.2)

PARTICLE DISCRIMINATION

52

Interaction type through S2/S1 ratio: (%)NR < (E

ELECTRONIC
RECOIL

NUCLEAR
RECOIL

60 80

cS1 [PE] A\ Recoil energy: E ~ 0(10)keVyy )
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XENONNT NEUTRON VETO / :

>
TAGGING RADIOGENIC NEUTRONS that induce single
MAIN GOAL scatter NUCLEAR RECOILS (NR) in TPC (like WIMPs) \
Gd-loaded water Cherenkov detector
120 PMTs at 1 m from cryostat
DETECTOR e Optically separated from the MV with highly reflective
DESIGN ePTFE panels (V=33 m3)
e LED and LASER systems for PMT gain and optical
propertfies monitor NV design, construction and run coordinated by INFN groups ¢~ INFN
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XENONNT NEUTRON VETO

MAIN GOAL

DETECTOR
DESIGN

Hydrogen

TAGGING RADIOGENIC NEUTRONS that induce single
scatter NUCLEAR RECOILS (NR) in TPC (like WIMPs)

S

,;/é £

Gd-loaded water Cherenkov detector

120 PMTs at 1 m from cryostat

Optically separated from the MV with highly reflective
ePTFE panels (V=33 m3)

LED and LASER systems for PMT gain and optical
properties monitor

\

NV design, construction and run coordinated by INFN groups

It operates thermalizing and capturing
bkg n.: when a n is captured, it releases vy,
that produce Cherenkov radiation which is
then detected by NV PMTs.

Cherenkov /
photons f*

- i.
4+ Compton
electrons Neutron capture Gamma Mean

cross section Energy capture time

Single,

200 us

R

Neutron
capture

2.2 MeV

g | 3-4 gammas,
) | 49000 b 8 MeV in
total

WORKING
PRINCIPLE
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XENONNT NEUTRON VETO

The neutron tagging efficiency quantifies the fraction of
dangerous neutron signals in the TPC that are tagged by the NV.
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® AmBe Position 1 —— Neutron Tagging Efficiency per run

& AmBe Position 2 == Average Neutron Tagging Efficiency in SR2
XENONNT NEUTRON VETO [l

& XENON
Preliminary

The neutron tagging efficiency quantifies the fraction of
dangerous neutron signals in the TPC that are tagged by the NV.

Gadolinium Sulfate Octahydrate (Gd,(SO,); -8H,0, GASO) injected into WT
at beginning of SR2 (Oct-Dec 2023). Reached 0.02% uniform Gd mass
concentration with 350 kg of GASO (500 ppm Gd-sulfate) in Jan 2024.

Neutron Tagging Efficiency

SR1 50 ppm 500 ppm 500 ppm
n-TAGGING (early SR2) (late SR2)
errrciency | 55%  59%  81% 78%
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® AmBe Position 1 —— Neutron Tagging Efficiency per run

& AmBe Position 2 == Average Neutron Tagging Efficiency in SR2
XENONNT NEUTRON VETO [l

& XENON
Preliminary

The neutron tagging efficiency quantifies the fraction of
dangerous neutron signals in the TPC that are tagged by the NV.

Gadolinium Sulfate Octahydrate (Gd,(SO,); -8H,0, GASO) injected into WT
at beginning of SR2 (Oct-Dec 2023). Reached 0.02% uniform Gd mass
concentration with 350 kg of GASO (500 ppm Gd-sulfate) in Jan 2024.

Neutron Tagging Efficiency

SR1 50 ppm 500 ppm 500 ppm
n-TAGGING (early SR2) (late SR2)
errrciency | 55%  59%  81% 78%

Found few rusted screws and nuts, that caused
optical deterioration during SR2.
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® AmBe Position 1 —— Neutron Tagging Efficiency per run

x E N o N T N E U T R o N v E T 0 & AmBe Position 2 == Average Neutron Tagging Efficiency in SR2
n i Montecarlo simulation
90%

T i | XENON
%85/0- W Preliminary
The neutron tagging efficiency quantifies the fraction of g 80%[ gl TEES B s A
dangerous neutron signals in the TPC that are tagged by the NV. B T —————.
% 70%
i 64
Gadolinium Sulfate Octahydrate (Gd,(SO,); -8H,0, GASO) injected into WT [EXs
at beginning of SR2 (Oct-Dec 2023). Reached 0.02% uniform Gd mass [ii| &
concentration with 350 kg of GASO (500 ppm Gd-sulfate) in Jan 2024. §:"-;°
55%F % T , L L .
SR1 0] ppm 500 ppm 500 ppm - Bay‘;sir:\ée fci\lstgd ix?serct?onw'J S
—— Data — Model
n'TAGGING (early SRZ) (Iqte SRZ) . = i:imgx:]'gCl;m[\'lli-tsrto;;taep:lg:xcitation _“I:I"ighbl?-\\;l:g(;‘dt;?l-lg:gtﬁ(}ztcl:;eother elements
EFFICIENCY 35%  59% 81% 78%

H-peak ~ 20 PE
Found few rusted screws and nuts, that caused

. . . . | H-peak ~ 20 PE
optical deterioration during SR2.

XENON
.\ Preliminary

Rate per bin [Hz/PE]

With NV EVENT AREA = 5 PE and TIME WINDOW = 250 ps, the n-tagging
efficiency sensibly increases and the neutron background is reduced by a
factor 2.

Residuals [o]

0 50 100 150 200 250 0 50 100 150 200 250
NV event area [PE] NV event area [PE]
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XENONNT REGION OF INTEREST

QCD axion WDM limit unitarity limit

100Tev  Mp) 10 Mg

classic window

D M S EAR C H 102 eV e keV GeV
~ .

3-FOLD S1-S2 Standard WIMP search: ““Ultralight” DM “Jght” DM WIMP  Comgosite DM Primordial
stay tuned for upcoming results! el dark sectors (Qballs egges 9 plack holes

bosonic field sterile v

can be thermal
2-FOLD S1-S2 Light WIMP & B CEVNS

$2-Only : $1-82
To probe lower DM mass need to lower E,,, —charge < O(1) GeV O(1) GeV > 0(10) GeV
signal only "

S2-only Light WIMP & Sub-GeV DM

1e 8 e 18 e

JER: 1376V : i ER: 0.6keV
- NR:0.5keV  NR: 3.8 keV

*>10% efficiency
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XENONNT SCIENCE DATA

Livetime [d]

FIDUCIAL MASS:
=4 tonnes

Science Mode
83m Kr
88YBe

Virginia Mazza

220Rp
232Th

EXPOSURE: FROM SRO TO SR1: Reached SOLAR pp v

=7/ tonnes x year

88y  mmm AmBe |
222Rn | 37AI‘

bkg level (ER)
ONLINE Rn DISTILLATION

222Rn: 1.9 - 0.9 uBq/kg

I NG
Livetime:

May.
2024

635.3d

FROM SR1 TO SR2: REDUCED n-bkg (NR)
compared to previous
Gd-LOADED NV science runs
n-tag eff: 55% - 81%
FROM SR2 TO SR3: Improved ER/NR
DISCRIMINATION

UPGRADED TPC with NEW
ELECTRODES:
COMMISSIONING NOW'!

with higher drift field

Dec.
2024
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WIMP SEARCH: RECONSTRUCTION

PEAK RECONSTRUCTION
Dominated by 3-fold requirement for S1

EVENT BUILDING & SELECTION

Cuts (quality,
selection, etc)
Is the event
successfully

reconstructed

cS1 € [0,100] PE and cS2 € [10%1,10*1 ]PE
*(cS1/cS2 = corrected S1/S2)

Virginia Mazza

Electronic recoil energy [keVggr]
0 5 10 15

Peak reconstruction

—_
-

=
o0

=
=)

Efficiency

WA
AN

Successfully paired

40
Nuclear recoil energy [keVyr]
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WIMP SEARCH: BACKGROUNDS

104k 200 GeV/c? WIMP 10tk 200 GeV/c? WIMP
ER background N1
) )
2 &
& 10° 3 10 B
0 2 ]
1
1
1
\ -
102 1 L L L : 102 1 L 1 1
0 20 40 60 80 100 0 20 40 60 80 100
cS1 [PE] ¢S1 [PE]
10t b 200 GeV/c? WIMP 100 F 200 GeV/c? WIMP
Surface background AC background
) )
By ]
& 103 | 2 10%
o (6]
102 I 1 : 1 I 102 I 1 g L
0 20 40 60 80 100 0 20 40 60 80 100

cS1 [PE] cS1 [PE]
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WIMP SEARCH: BACKGROUNDS

104 b 200 GeV/c? WIMP
ER background
=
F;‘ i
3 103 |9
Q 1
|
|
i
102 1 1 1 1 :
0 20 40 60 80 100
cS1 [PE]
104 F 200 GeV/c? WIMP
Surface background
=
&
3 103
3]
102 1 1 1 1
0 20 40 60 80 100

cS1 [PE]

Virginia Mazza

cS2 [PE]

cS2 [PE]

104

103

102

104

103_

102

-
-
o

———r—mag |
- <1

4
~

200 GeV/c? WIMP

-

1
60 80 100

0 20 40
cS1 [PE]
N 200 GeV/c? WIMP

AC background

0 20 40

cS1

L
60 80 100

[PE]

ELECTRONIC RECOILS
214Pb from 222Rn
85Kr p-decays
124Xe Double Electron
Captures (DEC)
solar-pp v - e elastic
scattering

CALIBRATION: 22°Rn in [20,
1407 keVq
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WIMP SEARCH: BACKGROUNDS

10¢ AT EeGE BT 104 & _Ge"ffcz_ I ELECTRONIC RECOILS NUCLEAR RECOILS

ER background

| 214pp from 222Rn e Radiogenic n, from
= - . 85Kr p-decays materials
= £ | 124Xe Double Electron e Solar/atmospheric v,
&3 103 N o 103 Hi 5 )
°© ° h Captures (DEC) via CEVNS
". WV solar-pp v - e elastic
AR I PP SUPPRESSION: NV and
: 2 2 2 3 scattering multi-scatter events
102 1 L L L 102 1 L 1 1 . .
0 20 40 60 80 100 0 20 40 60 80 100 .
. 220 rejection for neutrons
1 e s e CALIBRATION: 22°Rn in [20, )
10tk 200 GeV/c? WIMP 10tk 200 GeV/c> WIMP 140] keVeg CALIBRATION: 24AmBe
Surface background AC background
= )
2 2
& 108 & 103
] [S] [
1020 25 4b Gb 85 100 1020 Zb 4b Gb Sb 100

cS1 [PE] cS1 [PE]
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WIMP SEARCH: BACKGROUNDS

10t F 20%5?‘?‘12 WIMFI 10 F A0 CeVis. WIME ELECTRONIC RECOILS NUCLEAR RECOILS
o dacKkgrouncd NI 1LY 1 . .
214pp from 222Rn e Radiogenic n, from
= _— = e 85Kr f-decays materials
EIO3 Ewg VT 124Xe Double Electron e Solar/atmospheric v
¢ R Captures (DEC) via CEVNS
y AR solar-pp v - e elastic | | gyppRESSION: NV and
: 2 2 ; 3 scattering multi-scatter events
102 1 1 1 1 102 1 1 1 L . .
o 20 4251 [PE5]0 8 100 g & 4281 [PEE;O R | CALIBRATION: 220Rn in [20, rejection for neutrons
104k 200 GeV/c2 WIMP 104 200 GeV/c2 WIMP 140] keVeg CALIBRATION: 24*AmBe
Surface background AC background
_ _ SURFACE
%103 %103 e 210pp (22Ra chain) from
@ Sk plate-out effect from
PTFE walls
2 7 & F 2 g B F SUPPRESSION: by fiducial
1 0 20 40 60 80 100 e 0 20 40 60 80 100

volume selection

cS1 [PE] cS1 [PE]
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cS2 [PE]

cS2 [PE]

WIMP SEARCH: BACKGROUNDS

104

200 GeV/c? WIMP
ER background

==

- - . - E
Z 2
103 |9 3 o
! [$]
|
|
i
102 1 1 1 1
0 20 40 60 80 100
cS1 [PE]
104 F 200 GeV/c* WIMP
Surface background
103 k77
102 1 1 1 1
0 20 40 60 80 100
cS1 [PE]
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104

103

102

104

—r———mmaa)

~

4

-
-
o

200 GeV/c? WIMP

-

0

1
40 60
cS1 [PE]

80 100

200 GeV/c? WIMP
AC background
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L
40 60
cS1 [PE]

80

100

ELECTRONIC RECOILS
214Pb from 222Rn
85Kr p-decays
124Xe Double
Captures (DEC)
solar-pp v - e elastic
scattering

NUCLEAR RECOILS
e Radiogenic n, from
materials

e Solar/atmospheric v
via CEVNS

SUPPRESSION: NV and
multi-scatter events
rejection for neutrons

CALIBRATION: 241AmBe

Electron

S

CALIBRATION: 22°Rn in [20,
1407 keVq

SURFACE
e 210pp (22Ra chain) from
plate-out effect from
PTFE walls

e Accidental pairing of
isolated S1-S2

Removed by dedicated
machine-learning based
cuts

SUPPRESSION: by fiducial
volume selection
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WIMP SEARCH: SRO+SR1 RESULTS

ANALYSIS

SRO: updated n-bkg model

SR1: blinded analysis

« SR1la: Higher ER rate from
85Kr, 37Ar, 3H

« SR1b: Low &Kr, %Ar after
cryogenic distillation BUT 3H
still present

Virginia Mazza

arXiv:2502.18005v1
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WIMP SEARCH: SRO+SR1 RESULTS

ANALYSIS

SRO: updated n-bkg model
SR1: blinded analysis

SRla: Higher ER rate from
85Kr, 37Ar, 3H
SR1b: Low 8Kr, 3Ar after
cryogenic distillation BUT 3H
still present

RESULTS
NO WIMP EXCESS over bkg
New limits on WIMP-nucleon
cross section: 1.7x10747 cm? @
30 GeV/c? (1.8x improvement
wrt SRO)

Virginia Mazza

arXiv:2502.18005v1
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8B SEARCH: SPECTRA

The 2B spectrum is (almost) identical to the one of

6 GeV/c2 WIMPs.

Virginia Mazza
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8B SEARCH: SPECTRA

The 2B spectrum is (almost) identical to the one of
6 GeV/c2 WIMPs.

ANALYSIS
ROI: NR € [0.75, 2.25] keV (E, € [9.2, 13.8] MeV)
Low momentum transfer
PRO: large cross section o «< N2 (x 6400 for Xe)
CONTRO: near detector thr
— 2-fold S1 (x17 higher CEVNS rate wrt 3-fold) &
152 keV n, from an external 8YBe source

COST: most dominant bkg = AC, (=O(400) events
per day)

dR/dE [ (tonne - year - keV,) ! ]
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8B SEARCH: BACKGROUNDS

'Isoiated"S'I Notdetectedl-- EN BN BN BN BN BN BN BN BN BN BN BN BN BN B B B =W O

i N Reconstructed

AC event
“Isolated” S2
Not detected .

Tme === =m SN 5N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN W B

10tk 200 GeV/c? WIMP
AC Bckaroind MITIGATION STRATEGY:
S1 and S2 BDT, cuts N, S2 Tsirzne SX:C’W:
\%\,% = | S .-----s T J———— based on time and space pre/Alpre
QSD\’\G i 103 ‘ in.fo of peaks following a
\\ N high energy one g —
(“shadow™) ot b s
102 . L L L EXPECTED ACs (after mitigation): SRO: 7.5 + 0.7, SR1:

0 20 40 60 80 10C
cS1 [PE] 17.8 + 1.0 events
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8B SEARCH: RESULTS

MODEL 100 200 300 400 500

Neutron MEMER ¢ Data

®B v spectrum from Standard Solar Model e Ao
20
ocevng from Standard Model . 10 20
Xe natural isotopic abundances B W I T% 0T —oF—F Lo
a c52 [PE] Quantile of S1 BDT score
N
-*q‘:—; i 30
ANALYSIS & 20 20
. o 10
Blinded analysis w/ 6.77 txyr exposure .
o o . . 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Extended binned likelihood in 4D parameter Quantile of S2pre / Atpre Quantile of 52 BDT score
space Signal _ signal
EXPECTED NUMBER OF EVENTS

SRO SR1 SR2 40.2+ 14

+5
1 6—4 arXiv:2604.06002
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8B SEARCH: RESULTS

MODEL 100 200 300 400 500
*B v spectrum from Standard Solar Model ' ' '
ocevng from Standard Model
Xe natural isotopic abundances

Neutron MEBMER ¢ Data

=

- r—

=

0 100 200 300 400 500 0.0 0.2 0.4 0.6 0.8 1.0

8_. cS2 [PE] Quantile of S1 BDT score

w

k] 30

S 30 } {
20

ANALYSIS 220
&4

10

Blinded analysis w/ 6.77 txyr exposure
. . . . 0.0 0.2 _ j 06 08 1.0
Extended binned likelihood Iin 4D parameter ouanmeofszp /Atpm Quant1]e0fS2 BDT score

space Signal m h Signal

RESULTS
RESULT Component Expectation Best-fit
Best-fit B signal events: (17 + 5) @ 3.3¢ Total background 42.1° ' . 424+ 1.9
Total ®B 16:’ 17+5

Total observed 9 (SRO) + 28 (SR1) 4+ 25 (SR2) = 62
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8B SEARCH: RESULTS

MEASUREMENT 2B v flux o SNO, 2013
Assuming SM prediction for the CEVNS cross section:
8B v flux = 5'3 x 10°cm %5~ compatible w/ SNO

F + : XENONNRT, 2024

' . " XENONNT, 2026
N (This Work)

MEASUREMENT sin? 6,

1
0 5 10 15 20
Assuming solar 8B neutrino flux constrained by SNO: 8B neutrino flux [10% cm=2s~1]
sin? B, € [0.159,0.330] @ q~0.02 GeV/c (+1o interval) : T
030 conus+
I COHERENT
-
é 0.25 I SLAC E158 eDIS
L pp——————m-= T -~ e e o=
7 APV 1
0.20
-+ | XENONRT, 2026
resdel (This Work)
0.15 | 17
L ll[l L llll 1 I 1 - ll
10+ 0.1 1
q [GeV/c] arXiv:2604.06002
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SUMMARY AND CONCLUSIONS W

RESULTS

WIMP: New limits on WIMP-nucleon cross section 1.7x10-47 cm? @ 30 GeV/c? (1.8x improvement wrt SRO)
8B: Best-fit 8B signal events = (17 + 5) @ 3.36 (NO EXCESS beyond the 8B CEVNS and bkg), fixing the
cross-section 8B v flux = 5%3 x 10°cm2?s~! (compatible w/ SNO), fixing the flux sin? 8y, € [0.159,0.330] @
q~0.02 GeV/c

Mmoo

OUTLOOK

2 XENONNT recently underwent a detector upgrade: Higher electric fields — Better bkg suppression — Better
sensitivity

% Ongoing searches: WIMP searches with SRO+1+2, solar-pp neutrinos via e- scattering, Supernova neutrinos,
OvgBp and much more

% XLZD collaboration established to build the next generation LXe TPC with up to 60t target mass

15 Virginia Mazza I 1st BiCoQ Conference: from gravity to particles | Milan, 15-19 June 2026
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Dark Matter
Phenomenology

SoUP School on Underground Physics

Neutrino
Phenomenology

on heory « Organized by INFN.
b " «  WHEN: 26-30 October 2026
s . ’ Sl «  WHERE: CeUB, Bertinoro (FC), Italy
" Setactors - Registration is NOW OPEN through the Indico web
site.
« Agenda on Indico.

Solid state « CONTACTS: soup2026@lists.bo.infn.it

Detectors

Noble Liquid
Detectors

Statistics
(+Hands-on)
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Material
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Speed Talk
and
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LXe TPC DETECTION PRINCIPLE

« READOUT of SCINTILLATION AND IONIZATION signals

S1: prompt scintillation signal in LXe (LIGHT)
S2: secondary light from drifted e~ in GXe (CHARGE)

Directional detectors
Ge/Si detectors

D

drift time
(depth)

LXe

Rare events in a
detection medium

—

particle |

Energy Deposition
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LXe TPC DETECTION PRINCIPLE

ELECTRONIC RECOIL

Gamma
Beta
Neutrino

BACKGROUNDS

104[ ey = .
:\ s TN
\<
= i A\ :
= 103 :- A 1 A \ \.\
0 F : \ \ \
l' : \ : \
L \ . \ \ .
= o lw = =lo
o \C) ) o o\o
iz 5 5 5 =5
i< 12 _ |2 b
e Iz & Z =13
102 h" - 1 il 1 ? 1 i
0 20 40 60 80 100 120
cS1 [PE]

depends on the "'Kr concentration and is estimated to be a factor 5 lower than Radon.

second largest source of ER background in XENONNT

Virginia Mazza I

1st BiCoQ Conference: from gravity to particles

Xenon: Unstable xenon isotopes are distributed uniformly within the target volume.
Solar vg: Solar neutrinos can elastically scatter off atomic electrons of the LXe target yielding low-energy ER signals. It is the

Radon: Due to its 3.8 d half-life, the emanation of 22Rn from detector materials results in a distribution of 222Rn and its decay
products within the whole LXe volume. This is the largest contribution in the energy ROI.

Kripton: The xenon target contains natural krypton and therefore traces of the radioactive isotope #Kr. Its contribution

Milan, 15-19 June 2026



LXe TPC DETECTION PRINCIPLE

NUCLEAR RECOIL

10% =——
WIMP L
Neutron E
0 — )
Neutrino e 10
(CEVNS) 0 ’
.‘.m lw £ H"_U‘
! \C) Hesl o o\o
% 5 % = E5E
i< 12 _ | b
2z Iz & Z =13
102 h" | iﬂ | il 1 Iz 1 '.ﬁ
0 20 40 60 80 100 120
cS1 [PE]
BACKGROUNDS

« Radiogenic Neutrons: Radiogenic neutrons are produced through spontaneous fission (SF) or (a, n) reactions in detector
materials. Largest contribution even after being reduced with a novel Neutron Veto.

« Cosmogenic Neutrons: Neutrons induced by cosmic muons interacting in the rock and concrete surrounding the detector can
be tagged using the active Muon Veto in the water tank. Negligible contribution.

« CEvVNS: Interactions from solar, atmospheric and diffuse supernova (DSN) v, contribute to the NR background through CEVNS.
Solar neutrinos limit the sensitivity for =few GeV/c2 mass WIMPs. In contrast, the NR spectra induced by atmospheric and DSN
neutrinos affect the sensitivity for heavier WIMPs.
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NEUTRON VETO: AmBe CALIBRATION

241AmBe emits neutrons through o- . AmBs nelfrons | = o oo
SOURCE capture reaction Be(a, n)!2C together :

with a 4.4 MeV vy in about 50% of
cases.

8

4
Neutron Energ
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NEUTRON VETO: AmBe CALIBRATION

SOURCE

CALIBRATION
PROCESS

241AmBe emits neutrons through a- Troc Thveto

capture reaction Be(a, n)!?C together
with a 4.4 MeV vy in about 50% of .
cases. ~edd 1L BiLl :"lfn, "

1. PROMPT y TRIGGER: 4.4 MeV vy
rays emitted in coincidence with
neutrons are detected in the NV
and provide the event trigger.

SR ) 4.44 MeV
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NEUTRON VETO: AmBe CALIBRATION

SOURCE

CALIBRATION
PROCESS

241 AmBe emits neutrons through a- Trec Thveto
capture reaction Be(a, n)!?C together
with a 4.4 MeV vy in about 50% of
cases.

1. PROMPT y TRIGGER: 4.4 MeV vy
rays emitted in coincidence with
neutrons are detected in the NV
and provide the event trigger. : Teenter

2. NR SELECTION: TPC events -s 4.44 MeV
occurring within ~100 ns of the
prompt y signal are selected.
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NEUTRON VETO: AmBe CALIBRATION

241 AmBe emits neutrons through a-

SOURCE capture reaction Be(a, n)!?C together

CALIBRATION
PROCESS

Virginia Mazza

with a 4.4 MeV vy in about 50% of
cases.

PROMPT y TRIGGER: 4.4 MeV vy
rays emitted in coincidence with
neutrons are detected in the NV
and provide the event trigger.

NR SELECTION: TPC events
occurring within ~100 ns of the
prompt y signal are selected.

NEUTRON CAPTURE DETECTION:
Delayed capture signals are
searched for in the NV within O(1
ms) after the NR in TPC to evaluate
detector performance.

TTPC Tnveto

= '
gtitinne :T\.J

ol

2.22 MeV

Tcenter

4.44 MeV

CALIBRATION
CAMPAIGNS

* PRE-SR2: 0 ppm

* INSERTION PHASE: 50 ppm
* EARLY-SR2: 500 ppm

* LATE-SR2: 500 ppm

I 1st BiCoQ Conference: from gravity to particles |
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NEUTRON VETO: n-CAPTURES

The neutron capture time is the average time from the Fraction of neutrons captured on Gd as a function of
neutron emission to its capture. It is obtained by fitting its concentration in water by mass: with 500 ppm about
the time distribution of neutron capture events. 60% of captures occur on Gd.

771 GdSO 500 ppm: T= 75 * 1 pus

Preliminary

Fraction of Captures on Gd

Probability density
—
<

A | P vl Pa——
107 10~ 10 1
Percentage of Gd by mass in Water

200 400 600 800 1000 1200 1400
Tnv— Tsy [ps]
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NEUTRON VETO: GA-INSERTION

Gd CONCENTRATION MONITORING 4 NV water ICP-MS

—+— NV water conductivity

Expected concentration

® ICP-MS measurements: Periodic offline determination of Gd-concentration
through Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
performed at LNGS chemistry laboratory.

e Water conductivity measurements: Offline conductivity measurements of
water samples collected from the detector system.

® GdWPS conductivity sensors: Continuous online monitoring of the
gadolinium concentration through conductivity sensors installed in the Gd
Water Purification System (GAWPS). Preliminary

Concentration [ppm]
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NEUTRON VETO: GA-INSERTION

{ Reflectivity Monitor Time Constant
4 H-capture Mean Area

100% fe oo
by ’?‘o.‘ % XENON
e ICP-MS measurements: Periodic offline determination of Gd-concentration 3 9% 4 Yaet Preliminary
through Inductively Coupled Plasma Mass Spectrometry (ICP-MS) g a
performed at LNGS chemistry laboratory. ‘E’ | A Y
Water conductivity measurements: Offline conductivity measurements of : 85% - s Al:ﬂ{,\\’.
water samples collected from the detector system. z £y 4
GdWPS conductivity sensors: Continuous online monitoring of the S 80%f W %
gadolinium concentration through conductivity sensors installed in the Gd Eﬁ —_— o - ".*.T‘:ﬂ"' A
Water Purification System (GAWPS). BEEEZ 2 SRy 7. SO
0 R, o
SR 3838 3B 823SREKI& 83 3 2
—— Diffuser ball —— Reflectivity monitor

105
The NV optical performance is monitored through the photon arrival-time 4?
.. . — 104k
distribution: . . &
. . . _ . . : Before Gd insertion: | = . s
e Reflectivity Monitor (RM): System consisting of four optical fibers oriented = 10°F
q : TrM = 57 ns £ s
upward and downward, illuminated by a 375 nm laser. < 64 ns 5 10°F
. e c 5 0 0 0 g F
e Diffuser Balls (DB): Four quartz spheres providing isotropic light emission, D8 © 10]
illuminated by 448 nm laser pulses to probe detector response. | . . . :
[S) 2 e ¥ > o v
o 0 :
§—2' TR N -l ] L e

e ® e
0 200 400 600 800 1000
Time [ns]
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S2-ONLY SEARCH: BACKGROUNDS

TOP ELECTRODES +
GAS REGION
e Radioactivity (electrodes
and TPC materials)

ATTENUATION: Negligible
after width cut

PTFE WALLS

e Radioactivity (plate-out
on the wall)

ATTENUATION: Negligible
after radial cut

Virginia Mazza

DELAYED ELECTRONS +
ACCIDENTAL ELECTRONS

e Pile-up of electrons trapped in
impurities

ATTENUATION: Correlation-based
CNF and BDT machine

e Radioactivity (electrodes, ?1°Pb)

ATTENUATION: Waveform-based
BDT machine

1st BiCoQ Conference: from gravity to particles
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S2-ONLY SEARCH: BACKGROUNDS

TOP ELECTRODES +
GAS REGION
e Radioactivity (electrodes
and TPC materials)

ATTENUATION: Negligible
after width cut

[ Cathode B DE [0 AE [ B

DELAYED ELECTRONS +
ACCIDENTAL ELECTRONS

e Pile-up of electrons trapped in
impurities

ATTENUATION: Correlation-based
CNF and BDT machine

PTFE WALLS

e Radioactivity (plate-out
on the wall)

ATTENUATION: Negligible
after radial cut

e Radioactivity (electrodes, ?1°Pb)

ATTENUATION: Waveform-based
BDT machine

S2 width [ps]

Bkg model validated with

dominant while AE primarily contribute to the lowest energy bin.

Virginia Mazza

100 200 300 400 200 400
cS2 [PE] Events

=
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220Rn calibration data: cathode bkg




S2-ONLY SEARCH: RESULTS

ANALYSIS (a): ST DM-nucleon scattering (b} Light mediator my < 10MeV/c? | 10»-’*7%
Blind search w/ 7.83 txyr exposure F 100 Ay Jro> %
ROI: cS2 € [100,500]PE < [3,16]e~ (= [0.5, | [EES! — Np
5.0] keVyr and [0.04, 0.7] keV.,,) g i

Profile likelihood test statistic in ¢S2 space

(d): DM-electron scattering
. 1()—35

qrkside-2 (2023
yark de-50
arks

10-39

RESULTS
Good agreement between observed

events and bkg model
NO EXCESS over bkg observed

. 1974“

DM-neutron osp [cm?]

410-41
XENONNT (this work)

DM-electron cross-section o [cm?]

. L . 10-42
0.1 GeV/c? 0.5 1 5 10

3
2100 : e IXENONIO o 10-13
L4 Ld L] . XENONIT SE (2022) s i (2013
New limits on Light DM: most stringent . A .
. . . S .\Z-\ll‘\u\ SE (2025) 090) 410-14 "
limits on ~5 GeV light WIMPs and on [0.04, 2 oo E
2 107" g
0.2] keV ALPs S0 Lo s
g 10-4 f XENONNT (this work) ”XENONRT (this work)
.g L i XENONNT Low-ER o 1i0-17
é ) (e): A):mn-]lke Pamlcles , Iw:‘ni:,?: , 0): Darkl Photon , ! I I 0
2 2
0.1 keV/c O'BDD,(;.:.‘BSS 1. 5 0.1 keV/c O.BDN(;.:.I&SS lqrxiv:260f.11296
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