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F ITHE XENON|COLLABORATION <R

Paving the way for direct dark matter detection since 20 years
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sl THE XENON[PROJIECT

TPC

Direct DM search with [ Xe TPC

y [w)
SCINTILLATION channel e T IONIZATION channel
S1SIGNAL Drift of S2 SIGNAL
prompt jonization secondary
LXe scintillation electrons GXe scintillation

ENERGY
RECONSTRUCTION
from combined S1and

S2 signals

3D POSITION
RECONSTRUCTION
(x,y) from S2 hit pattern

z from S1-S2 delay time
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ReECOIL TYPE

bkg | Gamma
bkg | Beta

bkg /sig | Neutrino clastic scattering ER
sig | Solar axions, ALPs

electronic recoil

-

DISCRIMINATION

For ultra-low-background searches for ultra-rare events
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Electronic Recoil (ER)

#z XENON

Nuclear Recoil (NR)
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b SNESTED|DETECTORS

[ Xe - GXe time projection chamber

Sharing the same DAQ &

Cd-doped water Cherenkov detector (NV) Gd-doped water Cherenkov detector (MV/)

TPC

NEUTRON VETO MUON VETO

5.9 t active | Xe mass 33 t water contained 700 t water contained
1.3 x 1.5 m diameter x height ~2 x 3 m diameter x height ~10 X 10 m diameter x height
Q | 494 PMTs (3" Hamamatsu R11410-21) 120 PMTs (8" Hamamatsu R5912) 84 PMTs (8" Hamamatsu R5912-ASSY)
23 V/em operating drift electric field 0.05% CdSO concentration (since 2023) Shares same water with NV but optically
2.9 kV/ecm extraction field (e LXe = GXe) 0.5% GdSO concentration (final goal) separated detectors
All detectors’ materials are very carefully selected for excellent radiopurity & Y 7
PIETRO DI GANCGI | == XENON | ICHEP 2824 | 18 JULY 2024



https://iopscience.iop.org/article/10.1088/1748-0221/9/11/P11006
https://epjc.epj.org/articles/epjc/abs/2017/12/10052_2017_Article_5329/10052_2017_Article_5329.html
https://link.springer.com/article/10.1140/epjc/s10052-022-10345-6
https://iopscience.iop.org/article/10.1088/1748-0221/18/07/P07054
https://link.springer.com/article/10.1140/epjc/s10052-023-12296-y?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240208&utm_content=10.1140/epjc/s10052-023-12296-y
10.1088/1748-0221/16/08/P08033

PURIFICATION

Liquid purification and cryogenic distillation

=

222pn CRYO-DISTILLATION

Continuous online distillation
222Rn conc. (SRO): 1.8 uBq/kg
222Rn conc. (SR1): 0.8 uBq/kg !

#

UJ?H F Was the dominant bkg in XENONITT
==
- EE
EE = | &
85Kr CRYO-DISTILLATION

natkr/Xe concentration : <50 ppt
Made subdominant since XENONIT

ELECTRON LIFETIME

Removal of electronegative impurities

GXe and LXe purification systems

Electron lifetime achieved: > 30 ms !

Full TPC drift time: 2.2 ms

B
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-4757-1
https://link.springer.com/article/10.1140/epjc/s10052-022-11001-9
https://doi.org/10.1140/epjc/s10052-022-10832-w
10.1088/1748-0221/16/09/P09011
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FRIBACKGROUND | EVEL <R

Lowest background rate ever achieved in LXe-based dark matter detectors

LOW-ENERGY
ER BACKGROUND RATE 140 PandaX-4T
— "2 120
Relative improvement of >
XENON detectors _9.43 100 XENONI1T
E’ ER BKG RATE
> 80 16 +1
XENONIO «evvveeeeeee ] ..qgj 60 events/ (ty-keV)
>
XENONIOO «eeveevs 5.7073 M40
XENONIT cevereeeeen 2.704
XENONNT - 3.10° . . 7.5 10.0 12.5 15.0 17.5

Energy [keV..]
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CONSTRUCTION
Mar 2020 |
Jun - Dec 2020 |

Jan —Jun 2027 |

SCIENCE RUN 0
Jul 20271 |
Nov 2021 |

SCIENCE RUN 1
May 2022 |
Aug 2023 |

POST-SR1
2023 |
2023 |

TPC installation

NV installation
Cryostat filling (LXe)
MV/NV filling (water)

Commissioning

Start of SRO
End of SRO

Start of SRI
End of SRI

GdSO insertion in water

Start of SR2

XENONNT|TIMELINE
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>
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2 scientific runs completed

e 37Ar

Maintenance
& distillation
(S1-only)

Background 222Rn
83mgr AmBe

88yBe

7}
2

Time [YYYY-MM, UTC]

#z= XENON | ICHEP 2824 | 18 JULY 2024

EXCELLENT STABILITY

PHOTOSENSORS

after 4 years of operation

478 of 494 PMTs still active (97%)
with stable gain

SIGNAL RESPONSE
stability of both light and charge

SCIENCE RUN 2
ongoing




DATA

LIVETIME
FIDUCIAL MASS

EXPOSURE
BLINDING

PHYSICS

RESULTS

ER CHANNEL

2022

SRO
97.1days

4.4 tonnes
L1tonne-year

BLINDED ANALYSIS

PIETRO DI GANCGI | == XENON

WIMP DARK MATTER

2023

SRO
97.1days
4.2tonnes
L.1tonne-year

BLINDED ANALYSIS

| ICHEP 2024

SO FAR

(o 37/, Y

316.7 days
4.0t (SRO) - 4.1t (SRT)
3.5 tonne-year

BLINDED ANALYSIS

| 18 JULY 2024
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= SEARCH FOR NEW PHYSICS INJ[ER|DATA dnn

i

P
THE RAREST PROCESS
EVER OBSERVED SPECTRUM DOMINATED BY DOUBLE WEAK PROCESSES! TESTING XENONIT EXCESS
* DEC, discovered by XENONIT in 2019 EXCLUDED ith ~4g significance
Half-life: 2 « 1022 years o o
““Xe 2v DOUBLE ELECTRON CAPTURE DECAY (DEC) *

* Phys. Rev. C 106, 024328 Most likely XENONIT had a tiny

— 2Upp | 136Xg — 8mKyp tritium contamination

BKr Solar v Materials — '**Xe ,
XENONNT took steps to reduce

tritium outgassing

NEW CONSTRAINTS ON
BSM PHYSICS

SOLAR AXIONS

Couplings to gamma, electron, nucleon XLENONlT

>
)
~4
>
]
<
0
-
a
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>
5|

NEUTRINO MAGNETIC MOMENT
Uy, < 6.3¢10712 g

Events/(t-y-keV)

BOSONIC DARK MATTER

Dark photons, axion-like particles -

Energy [keV]

60 80 100 120

ALL LEADING LIMITS Energy [keV]

among non-astronomical
observations

PIETRO DI GANG! | = XENON | ICHEP 2824 | 18 JULY 2024 10


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.161805
https://www.nature.com/articles/s41586-019-1124-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.072004
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.106.024328

—IRST SEARCH FOR

EXCLUSION LIMIT

Power-constrained limit
(PCL)
to median sensitivity
* Eur.Phys.J.C 81 (2021) 10, 907

90% confidence level

2.6 « 1047 cm?
at 28 GeV/c2

Spin-independent
WIMP-nucleon
Cross section

WIMP-nucleon cross-section o5[cm?]

WIMP-nucleon cross-section o5![cm?]

10—43

10744 £
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10—48

1 o sensitivity

2 0 sensitivity

aaal
102
WIMP Mass Mpy [GeV/c?]

PCL ---- NOPCL

P |
102
WIMP Mass Mpy [GeV/c?]

I ER W Wall

DARK MATTER

Neutron I AC [ WIMP
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cS1 [PE]

- XENON |

NO SIGNIFICANT EXCESS

Best-fit agrees with background

152 cvents in ER/NR region
16 cvents in NR blinded region

Nominal | Best Fit

ROI Signal-like
ER 134 135717 0.92+£0.08
Neutrons 11598 11404 042+0.16
CEvNS 0.23 £ 0.06{0.23 % 0.06|0.022 = 0.006
AC 4.3+0.9 44793 0.32+£0.06
Surface 14£3 12+£2| 0.35+0.07
Total Background 154 152412 2.030:17
WIMP - 2.6 1.3
Observed - 152 3

ICHEP 2824 | 18 JULY 2024



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041003
https://link.springer.com/article/10.1140/epjc/s10052-021-09655-y

SOLAR NEUTRINO FLUX

SEARCH FOR|CEVNS

From solar 8B neutrinos

—— Atm+DSN Atm oo DSN
Ao
| — Solarv ff--- 8B-I hep
—— Neutrons
102N\ NR
Lol Phys. Rev. D 102, 072004
E
'T 100;.
> E
= F
E 10 ;— )
= F 1
o 1072 \
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I
1073 !
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1074 | \
| \
-5 i \"..I AR .
107750 10! 10%

Recoil energy [keV]

XENONNT AS

SOLAR NEUTRINO DETECTOR

Joining the restricted club of
experiments able to detect solar

Year

103
102 B pp :0.6%)
~10" N NUCLEAR RECOILS
D100k Be [£6%] IN XENONNT
5 10% pep [+1%] .
x 108 é—
o 107
;‘_ED 1oE 8B [+12%]
= E
2 105 i
c E
5 10E e
8 100k hep [£30%)]
102 |-
& s ] L
10 1 10
Neutrino energy (MeV)
= Inverse § Decay Super Kamiokande
== p-e in H,0/D,0
104 F v-N, NC Inelastic
== p-e in Liquid Scint.
= »-N, CEDNS )
=, SN SNO+
@ 10° F Homestake Kamiokande II —
&
=
et Gallex/GNO
© 102k — Borexino
3 SAGE
.@
10
XENONDT| B s s s
1 1 1 1 1 1
1970 1980 1990 2000 2010 2020

neutrinos, but with

MUCH SMALLER TARGET MASS
MUCH LOWER ENERGY THRESHOLD

PIETRO DI GANGI |

XENON

YBe
CALIBRATION

Excellent MC-data
match

Light and charge
vields constrained
in [0.5, 5] keV

S1ROI
[2, 3] hits

Lowered
threshold
3> 2-fold
coincidence
analysis

ICHEP 2824 | 18 JULY 2024
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0.08
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Events [/(txy)]
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. ——B8 CEvNSJ—YBe |
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.072004

S SEARCH FOR|CEVNS <R

Data analysis and results

DATA AGREE WITH Unconstrained fit SRO Unconstrained fit SR1
SIGNAL o+ BACKGROUND I AC 8B CEvNS ER RG ——Total I AC 8B CEvNS ER RG =——Total
20
EXPECTATION
g 5 g =
P o 210 T
& S & &
NOMINAL FIT FIT 2 2 2 2
[2a] =] 52} =]
EXPECT. BKG-ONLY | SIG+BKG
ER 07+07 0.74 0.54 0 0
100 200 300 400 500 0 02 04 06 08 1.0 100 200 300 400 500 0 02 04 06 08
NR 05+03 0.50 0.45 cS2 [PE] Quantile of S2 / At ¢S2 [PE] Quantile of S2 / At
(SRO)AC 75+05 7.55 7.36
15.0
(SR1)AC 18 +1 1826 17.90
2 g 125 5
TOTAL BKG 26.4 * 1.5 27.05 26.24 5 g 5 5
a g g€ 10.0 g
8B CEvNS SIGNAL 1213 - 10.71 E _I g l g 75 g
> > > >
SIGNAL + BKG 3833 - 36.95 B P " 50 B
2.5
02 04 06 08 10 C 08 090 095 100 %0 02 04 06 08 1.0 ~ 7080 085 090 0.95 1.00
S1 BDT score S2 BDT score S1 BDT score S2 BDT score
37 OBSERVED EVENTS 4-dimensional analysis space for discrimination of the dominant background from accidental coincidence (AC) of

isolated S1and S2 signals.
Analysis validated with ““Ar calibration data (L-shell electron capture, 0.27 keV)

No significant deviation of background and signal )
models parameters
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XeENONNT MEASURED

FIRST CEvNS MEASUREMENT
FROM SOLAR NEUTRINOS

FIRST CEvNS MEASUREMENT
WITH A Xe TARGET

CEVNS

SNO, 2013 (68%)

PandaX-4T, 2023

XENONRT, 2024

(o)}

N

N

FIRST DETECTION OF SOLAR NEUTRINOS
BY A DARK MATTER EXPERIMENT

=
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[7p)
(b)
H

5 10 15 20

8B neutrino flux [10% cm~2s571]

Density

—_
e @ —
[N} —- — o

H
<
w

Asymptotic discovery significance Z
0 2 3 4 5 6

[ Background-only toy data

--- Observed qp: 7.14
p-value: 3.2 x 1073
Significance: 2.73 o

Discovery test statistic qo

2.73 o
SIGNIFCANCE

for the rejection of the
background-only hypothesis

With more exposure, we will measure B solar neutrinos with higher significance and more precise constraint on their flux.

PIETRO DI GANG! | = XENON | ICHEP 2824 | 18 JULY 2024
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iNFN NVIGd-DOPED|PHASE IN SR2

Further suppression of neutron background

Pure water in SRO and SRI NEUTRON CAPTURES NV TAGGING EFFICIENCY

for 250 us TPC-NV

2.2 MeV ~200 us time coincidence window
500 ppm GdSO Halel=Xelelaslaale] 7 capture
current concentration

PURE WATER 53%
Dissolved 350 kg of 8 MeV ~75 us
Gd-sulphate in 2023 3-4 gammas r capture 500 ppm GdSO

FACTOR 2
NEUTRON BKG REDUCTION
SRO/SR1 =SR2

1
5000 ppm GdSO : 60% CAPTURES on Gd
final goal concentration : with 500 ppm GdSO
J

AmBe calibration

Neutron capture spectrum Neutron tagging efficiency

GdSO concentration { 0ppm GdSO

—— 0 ppm GdSO
—}— Neutron Veto (fro ductivity) | Neuts to (ICP-MS ChemLab) { 500 ppm GdSO
~ GAWPS (internal sonsor) " ---- Expoctod concentration ——500 ppm GdSO 100%
o e XENON
J 2 8 % 3 0.6 / XENON . Brafieot
10 2 B z B T\-@sﬁ_ captureson H Preliminary 5 80%| , , : reliminary
g 2 a5 M : - 05 2.2 MeV g e
g - g 5 T,
= 107 & 04r o, 60%[ v,
S N =] S 00, e
g Eo3 B ¥
2 N, Pl captures on Gd B
o * ] .
g 10 ! 2 2 ® 0.2 8 MeV g :
8 : 3 g £
g e o o o o/ L
......... Tt = & XENON 0.1F s U Efficiency at 5 PE, time window = [0, 250] s (500 ppm): 76.9+1.5 %
x g a a P N M
1 'w_d." o o Preliminary ool Efficiency at 5 PE, time window = [0, 250] ps (0 ppm): 54.1£1.0 %
AT R N — h . 1 . ! 1 oi L1 A , i :
S g & 8 S s s e2s e s <23¢8 3 2 0 50 100 150 200 250 0% 10 15 20 25
- = = - Events NV area [PE] Events area threshold [PE]

- =
Days since first Gd insertion

Transport system Salt Stirrer
. T . . = . .
connection insertion activation
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i

*£ THE|FUTURE|OF XENONNT AND BEYOND ¢

XENONNT JUST GOT INSIDE . PHYSICS REACH . '.....' z D
THE NEUTRINO FOG OF LXe TPC L
Lo it NEXT-GENERATION DETECTOR
Gradient of discovery limit, n = —(dIno/dIn N)~! Low mass 2-fold and S2-only
4 5 6 7 3 9
s 1 e ~
OTHER DM MODELS U b
—— CRESST-III (2019) Dark photons LXe TARGET in progress
= CDMSLite (2018) ALPs i
e S Established XENON-LZ-DARWIN CONSORTIUM
BN ARE —— XENONIT (2018)
w DAMA/I  =—— L7 (2022)
XENONnT (Projection) SOLAR NEUTRINOS
DARWIN (Projection) SB, hep, "Be CEVNS

pp elastic scattering

e NEUTRINO NATURE
v Neutrinoless double-beta decay

<:«»\ Double electron capture
Reactor

Anomalous magnetic moment
Neutrino fog

N
=
(]
=

el
(=]
=)
]
=
-~
=
(0]
)
199)
<}
=
5
g
(o}
o)
—~
3]
=
=
=
0
A
| )
n

ASTROPHYSICS

Supernova neutrinos (SNEWS)
. Atmospheric neutrinos

my [GeV/c?] GW multi-messenger N

Xenon
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e ’ 4 } QUICK SUMMARY

SRO ER SEARCHES SRO COMPETITIVE
XENONIT EXCESS BLINDED LIMITS ON
EXCLUDED WIMPs

FIRST OBSERVATION
OF éB SOLAR
NEUTRINO CEVNS

iR XENON WEBSITE
" xenonexperiment.org

INEM digangi@bo.infn.it | = XENON | ICHEP 2824 | 18 JULY 2024 ‘ 17 \






Are WIMPs ruled out?

NO

absence of evidence # evidence of absence




L Xe PURITY IN XENONNT

Purity monitor —— Empirical model ¢ 8™Kr ¢ 222Rn

30 50

25
40

Preliminary

Science Run: Start
Science Run: End

Rn distillation: Start
Getter bypass: Start
Getter bypass: End

SR1 }

N
(=]

Preliminary

by

¢
¥ S S

H
(]
Electron lifetime [ms]
w
o
]
X
o
.—!—-.'-

electron lifetime [ms]
=
(@]

S

f(ﬁ

N
(e}
1
=
—e—
—
018"
= .

3,
e e

e
10 # éi

4 ?*Rn Purity Monitor, 68% quantile
] :mKr — = Fitted line
¢ YAr

© ol o I\R A0
> (LQ'L\ PAS

N
Time [UTC] Date (SR1)

Credit: Fei Gao, IDM 2024 PIETRO DI GANGI | XENON | ICHEP 2824 | 18 JULY 2024 20



STABILITY OF XENONNT IN SRO AND SR

Background 88YBe 220Rn 222Rn == SRla phase0 == SR1b = = Start SR2 +J+ 32.1 keV CE [83"Kr]
83mKr 8y 232Th AmBe SRlaphasel == end SR1 §+ 9.4 keV CE [#3mKr] ]+ 41.5 keV CE [33"Kr]
I I I
1 | 1
9.5 I i ; i 9.5
1 | ! 1
_ ] I 1 1
% 90 i ] HTHTTES ] . @ :- [ e ] S o ¢« o & = s 3 " ; : 9.0
< Ly #zeacusens  woma N L L wmag e S =] _.-'..-{
LL] I M _p I | (™
A 8.5 1 L] ™ e 7 2 = 9 3 3 5 ™ ™ L ] —a— 8.5
E : @ . e o = :. s %% - w w T = = . = :
8.0 i i I 8.0
1 | 1
1 | 1
7.5 14 1 1 7.5
1 ] ] ] ] ] ] ] ] 1 ]
I
_ 200 i 4.7
> ! w
< i * 46 T
! 1 l O
= & i 322 a5 &
= o I 1 5]
3 =7 i . 4.4 B
S 180 | & L Fo:8n | = =
P~ r 1 i w 43 ©
© 1 I ‘ L a2 B
G 170 F i 1 9
g | ! ! a1 &
160 | 1 i i 4.0
1 ] ] ] ] ] ] ] ] 1 ]
2022-07 2022-09 2022-11 2023-01 2023-03 2023-05 2023-07 2023-09
Date (UTC)
Credit: Fei Gao, IDM 2024 PIETRO DI GANGI | XENON | ICHEP 2824 | 18 JULY 2024 21




CALIBRATION OF TPC RESPONSE

SRO SR1
700 ,
x2-fit ++ Low energy lines e | x*Fit +lo
+10 ++ High energy lines (excluded) + Energy Lines *20
800 [ 125 600
E 3TAP é A R ; .
< Q e
£ 600} | ARG 2 "0k PRERE
— ) QF (,9)%, o 20 M 2,'5
= R B St oo Preliminar
S Preliminary 5 400 B y
S 400 g T .
s g300r T & 8
: o e
, 163.9 keV S o e
| g, =(0.15154+0.0014) PE/ph pomye S
200 g, = (16.45£0.64) PE/e 236.2 keV simyp 2007 gy
> . , . | 415 keV g1 =(0.1367 +0.0010) PE/ph R,
E) | g2 =(16.85+0.46) PE/ oot h
E 25} I} 100 g2=( ) PE/e JRE
R o T S
S -25f & 20f
— 1 1 1 1 o5
4 Ay
L I Sl T — —
Light Yield [PE/keV] E
% -20} | | | | |
Mo 6.0 6.5 7.0 7.5 8.0 8.5 9.0
Science Run g1 [PE/ph] g2 [PE/e] Light Yield [PE/keV]
SRO 0.1515 = 0.0014 16.45 = 0.64
SR1 0.1367 = 0.0010 16.85 + 0.46
Credit: Fei Gao, IDM 2024 PIETRO DI GANGI | XENON | ICHEP 2824 | 18 JULY 2024 22




CALIBRATION OF Xe ReESPONSE TO LOW ENERGY NRSs

x102 [ YBe Best-Fit Sim YBe Data x10! [1YBe Best-Fit Sim YBe Data
1.4F

S— 5 i
1.2F -
il

& o} & 4| Excellent match between Data
§ 0.6} § and Model
O 2F
04 —|_|_L
02F | ' T
0.0 é (lS AIL é tIS I7 EIS é 1I0 0 2(l)0 3(I)O 4(1)0 5(l)0 6(1)0 7(1)0 8(1)0 900
S1 NHits cS2 [PE]
. YBe Fit —— NEST v2.3.5 YBe Fit — NEST v2.3.5
8
_ 7r - 7t
T % NEST model is constrained by
) A4 00 . .
2 ; ¢& YBe data to predict the light
S 5 Q25 . .
= =) - and charge yield in the 8B
QO *p o
— >
E:3_ sl CEVNS energy range at the
=N 5. XENONNT drift field
XEYNON XE.N.ON
05 1.0 15 20 25 30 35 40 4:.n51|nary5.0 05 1.0 15 20 25 30 35 40 rjll.gmrys.o
NR energy [keVnr] NR energy [keVnr]
Credit: Fei Gao, IDM 2024 PIETRO DI GANGI | &% XENON | ICHEP 2824 | 18 JULY 2024 23




NEUTRINO-INDUCED NRs Iin Xe
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CEVNS ANALYSIS VALIDATION WITH AR-37

Test statistic g,

Credit: Fei Gao, IDM 2024
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AC SIDEBAND UNBLINDING
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EFFICIENCY AND UNCERTAINTIES
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CEVNS DISCOVERY POTENTIAL

--- Median discovery significance

Asymptotic discovery significanceZz Pure counting (median)
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We expect to see solar 8B neutrinos at >3(2) sigma significance with a probability of

0.48 (0.80), with a full 4-D analysis
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UNBLINDED EVENTS
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UNBLINDED EVENTS
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X, Y, and Z information are not considered in the likelihood analysis.

Credit: Fei Gao, IDM 2024



ANALYSIS PARAMETRS PULL

Background-only fit Unconstrained fit

AC rate (SRO) w1 AC rate (SRO)
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tuy [ 1ty
toy | ! | 1 toy
—2 0 2 -2 0 2
Parameter pull [o] Parameter pull [o]
Credit: Fei Gao, IDM 2024 PIETRO DI GANG
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EVOLUTION OF SENSITIVITY TO CEVNS
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The improvements in flux measurement are limited by uncertainties of the LXe response
to nuclear recaoils.
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RN-222 LeEVEL

Radon Removal System: Radon Removal System:
GXe-only mode GXe+LXe mode
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R CALIBRATION SOURCES

[
(=)

Rate [A.U.]
=}
(&}

41.5 keV
Sl
32.1 keV

—
~
<)l
(=]
o

n

3000 ;

2000

Counts / bin

Counts /b

g
&
?
:
o

100 200 300 40 0.5 1.0
cS1[PE] Rate [A.U.]

Energy [keV]

20
Uncorrected S1 [PE]

Injected every 14 days Monoenergetic peak at 2.82 keV Flat beta spectrum from Pb-212
Spatial corrections: Low energy response and resolution

Cut acceptances estimation
S1 LCE, S2 LCE, drift field distortion with high statistics Energy threshold validation
Validation of drift field COMSOL simulation Used to define the blinding region



R - NR BANDS CALIBRATION
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LOW-ENERCY ER SEARCHES (SRO)

Significantly improved constraints
on axion-gamma, axion-electron
and axion-nucleon couplings

Search for a peak found no
significant excess

New stringent limits in the range
1-140 keV

No limits at 41.5 keV as the Kr-83m
rate is left unconstrained
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SD WIMP LIMITS (SRO)

W 1 o sensitivity 2 o sensitivity I 1 o sensitivity 2 o sensitivity
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Non-zero spin operator for 129Xe and 131Xe, due to unpaired neutrons
INn general, more sensitive to neutron-spin coupling



NeEUTRON VETO

= Radiogenic neutrons scatter in the TPC (potential NR background event) and escape into the Neutron Veto
= Neutrons captured in water by H (~200 us] 2 2.2 M\eV gamma emitted > Cherenkov light

Emission of Reflection |

gamma rays }/
/\

Nuclear |
recoil Electrons from Compton
\ n scattering on water
‘3‘

Thermalization > for electrons ovet |
| | . "111

seqn_ Jaidnnwoloyd

High light collection efficiency required:
= 8" high-QE low-radioactivity PMTs

= ePTFE coating »999% reflectivity

= High water transparency



NeEUTRON VETO CALIBRATION

10*

AmBe calibration source placed close to cryostat Direct measurement of
(same signature of radiogenic neutrons from neutron tagging efficiency 1094
detector materials) §
After background subtraction, = 4|
4.4 MeV gamma (y) emission with neutron in at 5-fold coincidence, 5 PE f‘g’ Preliminary
about 50% of cases threshold, 600 s time * 101

. . o windows: (68 * 3) %
First 4.4 MeV y detected in NV, then coincidence

5
requirement for nuclear recoil in TPC, hence Average capture time in E ﬁ * .
search for signals from neutron capture in NV demi-water of about 180 ps § -2 T ——
& —-1000 -500 0 500 1000 1500 2000
Tny = Ts1 [ps]
Troe T, ; i Ua
PC  nveto Highest neutron detection [ 30 ps < Thveto— Ts1 < 630 s

1 =1000 ps < Thyeto — Ts1 < —400 ps

efficiency ever measured in 60
—— 2H 2.2 MeV avg. best fit

S2 a water Cherenkov detector

In Science Run O, time
window shortened to 250 Ps
2.22 MeV to reduce induced dead time

#Entries [1/pe]

center

- T Then, neutron tagging
center efficiency is (53 % 3) % with
1.6% livetime loss

S1 4.44 MeV 0 20 N 80 100 120

Area [pe]

Credit: E. Angelino, EDSU-Tools 2024 PIETRO DI GANCI |
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https://hds.hebis.de/ubmz/Record/HEB513431314

NEUTRON VETO IN SRO

Neutron background originated mostly from PMTs,
cryostat and PTFE components

Signals in TPC can be attributed to neutrons from
detector materials if, differently from WIMPs, multiple-
site energy deposit occurred (multiple scatter)

4 events in the WIMP blinded region tagged by NV and
excluded: 3 multiple scatter (MS) + 1 single scatter (SS)

In agreement with MS/SS ratio of about 2.5 obtained from
MC and AmBe calibration data

Considering NV tagging efficiency of 53%, the total
neutron expectation is 1.1*%6_, ; events

This result is 6x higher than predictions from material
screening (ongoing checks to understand the
discrepancy)

In SRO, NV had relevant role in constraining this specific
background in a data-driven way

Credit: E. Angelino, EDSU-Tools 2024
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NV PERFORMANCE AFTER Gd INSERTION

. ¢ 2.2 MeV - H capture ¢ ~8MeV - Gd capture
. . . With GdSO 4.4 MeV - 12C ground state de-excitation & Total neutron captures
AmBe calibration source far from cryostat (50 cm) to characterize dissolved in
NV response along time, area spectrum can be modeled with: 100% = _
water, mean Preliminar
= = 3 y
e 2.2 MeV peak (H capture) » 1 Gaussian with threshold collected light, 95% .
e 4.4 MeV peak (12C de-excitation) » 1 Gaussian with threshold monitored with = ;-
e About 8 MeV peak (Gd capture) » 2 Gaussians with threshold periodic gg 0%
: T 12 _ ot . . . e z
) H|95}2Fener<i:j3gtall (h|gher level °C de-excitations or n captures calibrations, is 22 ol z PR gy
> =R L)
on =°Fe) aussians reduced by E'g Ti, )
. . ok IR X}
Mean area and amplitude correspond to mean collected light (that ~ about 20% 80% s .29 8 8
. . w 0 ° o
depends on NV optical properties) and neutron captures (» 4% less H sl @ 558 % %
o o o < £
captures) 282 -
—=:2.2MeV - H neutron capture —— ~ 8 MeV - Gd neutron capture o LiT NS 8 A .'“'3. o
~~4.4MeV - '2C first state de-excitation High energy tail - Capture on other elements 70%
NV AmBe calibration w/out Gd NV AmBe calibration w/ Gd About 60% of 100% -'-'—'——-o-——-‘-—-r'-;—i—f-li-i—-i-!-l—'-!-i'--rrl e
10 °
y*ndof = 291.30/228 y*/ndof = 233.87/228 Captures .
— L i occurs on Gd. g_ 80%r
y 1 ) S
= g
f Given the large &¢ . ;
= i i . —_= 60% = - . Eue
2 sl | XENON | XENON water buffer in ‘EE ‘ ‘§§§ 9 5= =5 ‘-;
@ \\ Preliminary Preliminary . Z8
5 \ - this source SE sk o 038 8 0000000 0% 000 00000
I oy 9 72 B
& 1072} X L position, total ~ £% g 3 g e
\ 5 2255 3 3
- \ « number of n- oomt 2 558 &8
<) —. L L I L L o =
SO e ——————— — -+ . .. — . capturedoes B E
=} 3 8 imi
£ 3 MY = not change mipote, I NS R i
g-r c Ml . Hd L | L L : L M d | h ogggggsgggogooooooooggg
& 0 50 100 150 200 250 0 50 100 150 200 250 Wwith Gd SCcS2I¥IBgE22838
Event area [PE] Event area [PE] Days since first Gd insertion
Credit: E. Angelino, EDSU-Tools 2024 PIETRO DI GANGI | XENON | ICHEP 2824 | 18 JULY 2024 41




