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The TPC Detection Principle

e Dual-phase (liquid+gas)
e Energy reconstruction GXe — = Atime
e 3D event reconstruction ' >
e Fiducialization
e Eventdiscrimination LXe drift time
(depth)
« ERdata « Data outside FV
o ERdata<10 keV
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The Neutrino Fog

CEVNS: Coherent Elastic Neutrino-Nucleus Scattering A
scattered
_,0 neutrino
e First measure by COHERENT (2017) from a spallation neutron o
e Never measured in a xenon target 2 Gt
e 8B CEVNS: Expected to have the largest detectable number of boson \ recoil
CEVNS events in xenon 3 @/’
e Signature indistinguishable from 5.5 GeV/c? WIMP with
spin-independent o_, = 4.4 x 107%° cm? nuclear recoil 9
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The XENON project at LNGS

Laboratori Nazionali del Gran Sasso — INFN (Hall B)
1400 mt of rock: 3.800 m.w.e.

XENONIT
Muon flux ~1Tm™=h"!

Suppression factor: 10°

Ill'd‘

if
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XENONT10 XENON100 XENONIT XENONNT DARWIN - XLZD
Period 2005 - 2007 | 2008 - 2016 2012 - 2018 2019 - 202? 202? - ...
Dimensions 15x20 cm 30x30cm 1X1Tm 1.5x1.3 m 26x26m
Active mass 14 kg 62 kg 2 tons 5.9 tons 40 tons
Sensitivity ~10™ cm? ~10%° cm? ~1047 cm? ~10"4® cm? ~10"4 cm?
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XENONNT

Fast upgrade exploiting the infrastructures from XENONITT

Rn distillation

Larger TPC
column

Neutron Veto

Rn-free pumps

] Liquid-Xe
Mater!a Purification
selection and
cleaning
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New TPC

Drift length 1.5 m (XENONI1T had 1 m)
Active Xe mass 59t (2 t)

Double the number of PMTs to 494
Light detection efficiency: 36%
Carefully selected materials to
minimize background

e Field shaping rings with tunable
potential

Commissioned in March 2020 during the
lockdown due to COVID pandemic
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Neutron Veto

Water Cherenkov detector built around the cryostat with 120 PMTs
inside an enclosure of reflective panels

To tag neutrons events which
contribute to background in
WIMP search

Running with pure water: Measured tagging efficiency 68%

Currently operating with Gd salt (500 ppm) with tagging
efficiency ~77%

Into the Neutrino Fog with XENONNT (R. Biondi )



Rn Removal Column

ER background comes mainly from B-decay of ?“Pb LNz s KEA
from ?22Rn accumulating into LXe and GXe Top Condenser
4 1
High-flow Radon distillation column: 72 kg/h (200 slpm) i_@

Radon as less volatile noble gas is trapped in the column
until it decays (3.8 days)

Package Tube

4.0 / /
Radon Removal System: Radon Removal System:
GXe-only mode GXe+LXe mode
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Liquid Xe Purification System

Direct liquid circulation with cryogenic pump To
purify faster the full inventory of LXe

e High flow: 2 liters LXe/min
e Replaceable filter units with low Rn emanation
e Online E-lifetime measurement by purity

monitor
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Calibration

Two ER calibration sources at low energies: > EZ - {ﬁ! ’ l ’ } ’ {ao0o
e *7Ar: mono-energetic peak at 2.82 keV, validates 540- j:]}s{ﬂlj[htl]f[[ HHIH | [H 3000%
| | RIS A URURBLLRRRUT R

resolution model and energy reconstruction of peaks. = I e

e 22%Rn:its daughter ??Pb provides a flat B-spectrum S { 1000 S
used to estimate cut acceptances and energy "

threshold o :
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Corrections and Energy Reconstruction

S1and S2 signals have to be corrected to
take into account position dependent
response of the detector, this is done
via the periodical 8™Kr calibration.

Corrected signals cS1 and ¢cS2 are then
used in the analysis

x2-fit H+ Low energy lines
+ls - High energy lines (excluded)
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Datasets

SRO and SR1 Science Data (2021-07 - 2023-08) Background R TR A
83myr e e aintenance
88yBe 88y (&é il_lg‘;lll}lgtlon
e Exposure: 3.51 ton x yr 350
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. o . . "¢ 250 1 XENON
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Calibration with YBe Neutron Source

88YBe Low Energy NR Calibration with 152 keV neutrons from photo-disintegration of °Be by

y-ray from 88Y decay

e Low energy NR yield model affects
8B CEVNS detection efficiency

e Good simulation/data match

e Light/charge yield model
constrained by ®YBe data

e Yield model uncertainty leads to
~34% signal rate uncertainty
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Energy Threshold and Region of Interest

= # of S1 hits spectrum § S1 efficiency m— 52 spectrum == = S2 threshold
ROI: 1.0 .
Pl o
. 40.8 — L |
e Sl:2or3hit _ 10} = .
% s X 5f I
e S2:120-500 PE 3 i fos & % .
2 5 g4 |
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e Rl el 1 1= 210N
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2 ot
é 0.3 F 1 1 1 1 | 1 1
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0.1F et /4"’
- P ] s e Lowered SI(S2) threshold from conventional WIMP
E search analysis: 3 hits (200 PE)
L 10%F .
e e Relaxed S1 waveform shape requirement
= 10F  2-fold (this search) e Lower S2 threshold is used to reject high isolated S2
g ¥ background below it.
2 01F
(=4}
0.5 1.0 15 2.0 25 ~x17 more Events Expected

Nuclear recoil energy [keV]
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Accidental Coincidence Background

Random unphysical pairing of isolated S1and S2

Isolated peaks are side products of high energy
interactions ( Physical mechanisms still under
investigation )lsolated-S1(S2) Rate 15 Hz(150 mHz)

Suppression:
e Selection on space/time correlation to previous
HE interactions (TimeShadow)
e Boosted Decision Tree selections:
o S1BDT: VUV photon spectrum + S1 pulse
shape & spectrum
o S22 BDT: S2 pulse shape compatible with
diffusion law
e 3*bins 4D search space (cS2, S1 BDT, S2 BDT,
TimeShadow)

Model Validated by AC sideband (events that failed
S2 BDT)Fit and by *’Ar L-shell 0.27 keV ER calibration

~——— ACSideband —— Search Data
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Expected # of AC events:
7.5 * 0.7 for SRO & 17.8 * 1.0 for SR1
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Other Backgrounds

— B, __ 24pp . 136Ye _12xe __ sy

I Data  “Kr  Solars  Materials — ¥Xe Radiogenic Neutrons:
spontaneous fission and (a,n) reactions

e Modeled in a combination of data-driven
approach and MC
e Neutron background prediction:
o SRO0:0.13+0.07 Events
o SRI: 0.33+0.19 Events

Events/(t-y-keV)

0 20 40 60 80 100 120 140
Energy [keV]

Electronic Recoils: Phys.Rev.Lett. 129 (2022) 16, 161805
mainly B-decays from ?"“Pb

Surface background:
ERs from 2'°Pb plate out at

e Flat spectrum extrapolated from unblinded data
detector walls

e Conservatively assigned 100% uncertainty to yield
model
e ER background prediction:
o SRO0O:0.13 £ 0.13 Events
o SRI:0.56 + 0.56 Events

e Data-driven model predicts
< 0.3 Events » negligible
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Sensitivity and prediction

Total exposure: 3.51 ton year

=20
-40
-60
-80

Z [cm]

-100

RG rate [(t y cm3)~1]

We expected solar 8B
neutrinos signal at a
median significance
of ~20, even with a
counting-only analysis

--- Median discovery significance
------ Pure counting (median)
I Band containing 68 % & 95 % of toys

—120 S 1.0
_140 11 e iainl EEH
02030 40 50 63 g 08
R [cm] "a’
Q
g 06F
We to predicted a 48% >
probability to detect solar | £ 04
. . (@]
8B neutrinos signal at >3c £ 02
significance using the full '
4-D analysis 0.0

0.80

0.48

0.16

0.03

1 2 3 4 5
Discovery significance [0]

Component RELS
[Events]
AC - SRO 7.48 + 0.52
AC - SR1 17.77 +1.23
ER 0.68 + 0.68
NR 0.47 +0.32
Total
Background 264215
8B 11.93 * 3.1
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Results from Unblinding

ArXiv: 2408.02877

Data agrees with the signal +

background expectation
Flux-weighted cCEVNS in
agreement with SM

Flux measurement in
agreement with SNO (2013)

L SNO, 2013

{ XENONIT, 2021

Unconstrained fit SRO

Unconstrained fit SR1
8B CEvNS ER RG ——Total
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— . :
(This Work) Component Expectation Best-fit COHERENT .
' ' ' ' AC (SR0) 7.5 £ 0.7 74 £ 0.7 " . el 2022
S 6 AC (SR1) 17.8 £ 1.0 17.9 £ 1.0 ] | Ge, 2024
5 A ER 0.7 £ 0.7 0.5+07 B A 2021
2k
g 90% CL threshold Neutron 05753 0.5 £0.3 5 XENON .
2 2F Total background 26.4114 26.3 £ 14 3 f $—1 265, S02& (Lhis Wark)
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Summary and Outlook

XENONNT performed a blind search for 8B CEVNS ArXiv: 2408.02877 8 Dlserven fiseayeny siynitiostic

—— Median discovery significance
Band containing 68 % & 95 % of toys

co
T

e 2.730 Discovery significance of 8B CEVNS

e Measurement of ®B solar v flux: 4.7"*¢_ . x10°cm™? s™

e Measured neutrino flux-weighted CEVNS cross-section
on Xe: cCEVNS =1.1"%¢ __x10%° cm?

=]
T

Discovery significance [0]
N IS
T T
\x\

A series of Firsts times:

e FIRST detection of astrophysical vin a dark matter % 25 50 75 100 125 150
detector CEvNS exposure [t x yr]

e FIRST measurement of CEVNS process from
astrophysical v source

e FIRST measurement of CEVNS cross section on a Xe
target

Data taking still on going (SR2):
we expect to measure the
solar 8B neutrino signal at
higher significance and to

Thank YOU' better constrain the neutrino

flux
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Low-ER excess in XENONIT

From: Phys. Rev. D 102, 072004

ER search in <30 keV range shown an excess of events
over the expected background corresponding to a 3.3
o fluctuation

Hypothesis of *’Ar leak is excluded:

e Removed by Kr distillation
e Limits on air leak from other contaminants (Kr, Rn)

Several hypothesis:

Solar axions (3.40 over bkg)

Neutrino magnetic moment (3.20 over bkg)
Bosonic DM: ALPs, dark photons (3.00 over bkg)
B decay of Tritium

New Physics?

events/(t-y-keV)

Events/(t'y-keV)
3

120

100

Phys. Rev. D 102, 072004 (2020)
T T

Bo -
I SRl data
i

- - - = o

1 1 1 1
5 10 20 25 30

15
Energy [keV]

T T
140 —— Hp: Bo+3H

T T T
ABC axion “
57Fe axion
Primakoff axion |
3H

Energy [keV]
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Efficiencies

Detection efficiency validated using Monte Carlo and Data-Driven methods

Good agreement between the two approaches

Total efficiency takes also event-selection efficiency into account
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Tritium Enhanced Dataset (TED)

To Exclude presence of Tritium traces in

the detector, XENONNT was operated
bypassing the GXe purification for
14.3 days at the end of SRO

This would enhance the HT
concentration in LXe by a factor 10-100

Data collected in this TED mode were
blinded
After the unblinding, no evidence was

found for a tritium-like excess

Tritium is therefore not included in the
background model.

Events/(t y keV)

—— Total

214Pb
85Kr

——- 1iXe --- AC

--- Solarv --- Materials -—- 8mKy

N T T T -
60 80 100 120 140

ces [keV]
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Low Energy ER Analysis

From: PRL 129, 161805 (2022)
Full blind analysis
e Energyrange: (1-140) keV
e Fiducial mass: (4.37+0.14) t

e Exposure:1.16 tons years

No excess observed

DR A e I I e S

100} l XENON1T ]

The excess 3 wof l ] ’” | l ] I
observed in 2 ok H H I} Hl i Il_
XENONIT could % i l T
come from either & ! XENONnT ] ]
tritium or statistical 2 SRS S P ST T S 23
) [ 1 ity T |
fluctuation oA o . . ]

1
15
Energy [keV]

0 5 10 20 25

Events/(t-y-keV)

Energy [keV]

s BO — 214Pb o 136Xe — 124Xe = 83rnKr
} Data 85Kr Solar v Materials — 133Xe
50
40
30
20
10
0 ;
2F _— — .
OF SN e 00 "9, ooo 2/
—2F SR .
) 1 1 1 1 1
0 20 40 60 80 100 120 140

Background in (1,30) keV:
(15.2 £ 1.3 stat)events/(t*y*keV)

Factor ~5 reduction w.r.t. XENONITT
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Limits on New Physics

Gay [Gev]

Solar Axions v Magnetic Moment Axion-like particles
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WIMPs search

From arXiv: 2303.14729
Background model:

Electronic Recoil (ER): Mainly B decay of ?“Pb from
222Rﬂ

Accidental Coincidences (AC): random pairing of
small STand S2 signals

Surface/Wall: “°Pb plate-out on the PTFE wall of the
TPC

Nuclear Recoil backgrounds (same shape as WIMP):

e CEVNS
e Neutrons

cS2 [PE]

Bm AC mmm ER mmm Surface i WIMP

104

103

1
0 20 40 60 80 100

cS1 [PE]

0 Signal-like region containing 50%
of a 200GeV/c2 WIMP signal with
highest signal-to-noise ratio
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WIMPs Results

N ER W Wall Neutron HEEAC i WIMP

Full blind analysis
10% C @ Event represented with pie-chart
. . E showing the fraction of the best-fit PDF
e Fiducial mass: (4.18+0.13) t (Same shape of ER, [ e i—
but smaller R < 61.35 cm) : i
e Exposure: 1.1 tons years = o g o S T
o2 " e e o _ T
= \: :/“,,a ="
QIS
10 sensitivity 2 o sensitivity [ §r
1043 L - -
No significant excess V.
1 1 1 1

XENONNT 90% C.L.
Power-Constrained
Limit To constrain
large downwards
fluctuations

0 20 40 60 80 100
cS1 [PE]

*Assuming a 200 GeV
WIMP and a best-fito =2.5
x 1047 cm?

10_48_"" ]
10 10?

WIMP Mass Mpu [GeV/c?]

WIMP-nucleon cross-section o5 [cm?]
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Comparison with other LXe Experiments

ER Background: Spin-Independent WIMP-Nucleon cross section:

Same conservative power-constraint applied to
XENONIT PRD 102, 072004 (2020) results of other LXe experiments from non-blind

analyses: T 10-43
XENONNT PRL 129, 161805 (2022) 5
% 101
160__""I""I""I'"'I""I""I""l""__ é
140F . PandaX-4T L 8 10-45
g 120f .. : g
CRT A ; . XENONIT : g 1074
N WU : k5
% 80:_ e ® o e = S 10747
2 eof - ﬂ ‘. -,‘ - d
> : i ; c ] >
= 40:— J° R XENONhT . o e = 1048
20p I; imieinjilan : - E— WIMP Mass Mpy [GeV/c?]
R TR XENONITT, PRL 121, 111302 (2018)
Energy [keVe.] PandaX-4T, PRL 127, 261802 (2021)
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