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Readout of scintillation and ionisation signals:
‘ time ® Prompt light signal (S1)
GXe +Ee - S2 ® Secondary lightin GXe from dritted electrons (52)
= | T " ® Reconstruction of position (x, y, z), energy (E)
| Xe d(:;fet;itr:)e and interaction type (ER/NR) through S1/57 ratio
E.in
_____________ . > S1 Electronic Recoil (ER) Nuclear Recoil (NR)

heutron

neutrino
WIMPs

particle &=

beta

gamma
neutrino

| We can reconstruct and discriminate different type of interaction |

— We can search for different physical processes
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" WIMPs DM candidate . W Other DM candidate
® Spin-independent Light DM > _ , ,
= PRL131,041003 4P : © =9 PRL 123 241803 Z Primary goal =& DM direct detection at
 omL121 111300 o T : low-energy recoil in our xenon target
) ; @ eavy 2’_|-
® Spin-dependent = PRL130,261002 € 2
-  PRL131,041003 € 3
= PRL122,141301 @ Bosonic DM g
o Sub-GeV =  PRL129,161805 g
. PRL122 07130 =  PRD 102, 072004
L =  PRD 103, 063028 )
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. )
® Supernova neutrinos

=  PRD 94,103009

W,

® Solar8BCEVWNS €© )
g PRL 126, 091301

® Solar pp neutrinos
- EPJC80:1133

@ Solar axions
=  PRD 102, 072004

. . )
[ WIMPs DM candidate Other DM candidate
® Spin-independent Light DM x _ . .
= PRL131,041003 4P : © =9 SR 123 241803 Z Primary goal =& DM direct detection at
 omL121 111300 o T : low-energy recoil in our xenon target
, ; O eavy )
® Spin-dependent o = PRL130,261002 €Y 2
=  PRL131,041003 =
e PRL122.12130° + Bosonic DM 3 Low.er background level = open new
® Sub-GeV =~ PRL129,161805 . physics channel...
=  PRL122,071301 § = PRD102,072004
L =  PRD 103, 063028 )
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® Supernova neutrinos

=  PRD 94,103009

v,

® Solar pp neutri

@® Solar axions

® Solar8B CEvVNS €© A
=  PRL 126 091301

= EPJC80:1133

= PRD 102,072004

NOS

Double Weak Processes

@ 124Xe 2vECEC capture

= PRL129,161805
=» PRC 106,024328
- Nature 568, 532

@ 13¢Xe 0vp3P decay

=  PRC 106, 024328
= EPJC80:785

~\

® 124Xe 2/0v(EC,*) decay
-  EPJC80:1161

@ 13¢/4Xe 2/0vPBP decay

=  PRL125,171801
= PRD 102,051701
=  PRD 103,055019

100 keV

1 MeV

f

WIMPs DM candidate

® Spin-independent

-  PRL131,041003 €
- PRL119, 181301
- PRL121,111302

® Spin-dependent
=  PRL131,041003 €
-  PRL122, 141301

® Sub-GeV

=  PRL122,071301
X = PRD 103, 063028

Other DM candidate

@ LightDM
- PRL 123, 241803
- PRL 123, 251801

@ Heavy DM
- PRL130,261002 €

@ Bosonic DM

= PRL129,161805
= PRD 102, 072004

~

s}jnsad }s9aje] JUNON3IX

physics channel..

Primary goal & DM direct detection at
low-energy recoll in our xenon target

Lower background level = open new

. up to the MeV scale

T
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N
. A Double Weak Processes
® Supernova neutrinos Iy ® 124Xe 2/0v(EC,*) decay
- PRD 94103009 ) ® Xe 2vECEC capture . EPIC 801161
g PRL129, 161805 136/4
~ ® Xe 2/0v[3P deca
@ Solar 8B CEvNS € =  PRC 106, %24228 PRL12§%71801 Y
[
=  PRL126,091301 = Nature 568, 5 ’
® 136X e OVBB decay - PRD 102, 051701
@ Solar pp neutrinos =  PRD 103,055019
-  EPJC80:1133 = PRC106,024328 ® ...
. - .
@ Solar axions EPJC 80:785 Y
=  PRD 102, 072004

124X
2vECEC

100 keV

~

WIMPs DM candidate Other DM candidate

° Sp'rl_m(graeﬁf:odﬁggs 2 | © Ligh.t D':QHBI 241803 fz“: Primary goal =& DM direct detection at
 omL121 111300 = PRL123,251801 : low-energy recoil in our xenon target
® Spin-dependent ° Heal/y 2%130,261002@ %
SR onoos @ o Bosonic DM 3 Lower background level = open new
o Sub-GeV =  PRL129,161805 @

physics channel... up to the MeV scale

=  PRL122,071301 L _ .. B
L =  PRD 103, 063028 y

= PRD 102, 072004
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Probe BSM physics : G

Tpp

1/2
® Neutrinoless processes (e.g. 0V decay) can shed light on the true 1 _ ;‘1 GO | pgov - ‘f(m [ ) ‘2
Ovfp > el
nature of neutrino (Dirac/Majorana) and explain matter/anti-matter | Iy

asymmetry in the Universe. Effective axial-vector coupl

| Nuclear Matrix Element (NME)
Help to test nuclear models hase Space Factor (PSF)

BSM physics driving the decay

® Second-order weak processes offer an opportunity to constrain NME

calculation, which suffer from large uncertainties (# nuclear model).

Because we can!

® Xenon isotopes undergoing double weak processes (124Xe, 134Xe, 136Xe) are naturally present in our detector!
® Our detector is sensitive to their signal. = Electronic Recoil.

® Itcan be a potential source of background for other physics channels. = It needs to be understood.
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XENONTT, April 2019

First observation of
124X e 2vECEC
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XENONTT, April 2019 XENONTT, August 2022

First observation of Improved measurements First search for
124Xe 2VECEC of 124Xe 2VECEC 0vBPB decay of 136Xe
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Exposure:1.1 tonne-year of
scientific data

® July6toNov 10,2021 (97.1 days).
® 95.1 days lifetime corrected.

® 4.18 =0.13 tonnes fiducial volume.

mmm Other operations mmm AmBe Getter bypass

mode
mmm 53MKr 1 Search data s 37Ar
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Exposure:1.1 tonne-year of
scientific data

® July6toNov 10,2021 (97.1 days).
® 95.1 days lifetime corrected.

® 4.18 =0.13 tonnes fiducial volume.
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Lowest ER background rate ever
achieved with such detector

PandaX-4T, PRL 129, 161804 (2022)
XENONIT, PRD 102, 072004 (2020)

LZ, PRL 131, 041002 (2023)
XENONNT, PRL 129, 161805 (2022)
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® No excess found and an excess of the — By — *“Pb — %Xe  — !*¥Xe — 83MKry
| | { Data 85Kr Solar v Materials — 19°Xe
XENON1T magnitude is excluded at 8.6 ¢. 20 .
X
..... -
120_-.--.----.---'.----.----.----: ~~~~~~~ 40 b | .
Lok XENONI1T 11 T SN l P
. -- : -3 l 5
% 80f { l” l [—' > 30 l [ ®
= [ ] H [ 11 . 14: =~ | S
o AP ﬂ i
= s § (- 20 }
2| .. _ -
O 40 . > | }
AT XENONNT l : s
20} Re S I;iI””F 10 } /‘\A
l it :
%7 10 15 20 a5 so| @_/T/m //, \\_/./
Energy [keV] | aeeemmmtTT A= . . . . 2
b O B . . °® ® . L ) . .
_2 i | | | | | |
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® No excess found and an excess of the — Bp — 2"Pb — Xe — %Xe — 83mKrp
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|  SRO+SR1XENONIT:  TZ4CEC = (1140251 +0.1gys ) X 102y
® Measurement of the 2vECEC half-life of 124Xe with

improved uncertainties compare to XENON1T.
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XENONNT continues taking data  : «|
b 1.8 uBa/kg %3
e P 3 liminary
g 2.02_ ‘il i !=1| q l { ll b oo il & %g Pre N
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® With lower 222Rn contamination level. i % | :i 0.8 uBa/kg -
£ 4 PRI g
" . SE f gy {}{} { ]
® Improved analysis techniques for both | SRO | Now
low- and high-energy searches. a o

Exploit the full potential of XENONNT to search for rare processes...
up to the MeV scale (DM, Double Weak Processes, etc...)

GOAL
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® Notyet competitive with dedicated 0v[3[3 experiments: E EX0200 S
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= Non-enriched target. ;1025 I
= Materials optimization for DM search (SS Cryostat). EH 5 XENONNT

10** EXENONIT

@ It demonstrates the potential for future xenon DM experiments. : — Expected median lower limit (90% C.L.)
- 1 0 range of expected limits
= The next generation of xenon DM experiment (e.g. DARWIN/ 1073 700 200 500 500 1000
e : Live time [d]
XLZD) can approach the sensitivity of dedicated 0vp[3 —
urren
experiments. Loo L XENONIT oSt

3
=
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" XENONNT 1000 days projection j

2| Si 2 l
Z Slmultaneou§ searlch for DM and : (( =
E | OVﬁﬁ decay In a Slngle deteCtOr Normal hierarchy o é .

Miightest [eV/CZ]



XENONRNT First science run completed

@ Firstresults published for low-energy searches.

@ Lowest ER bac
® Great potentia

kground rate ever achieved.

to search for rare processes up to the MeV scale.

Maxime Plerre

maxime.pierre@nikhef.nl
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XENONNT First science run completed sults
@ Firstresults published tfor low-energy searches. C 1oo° y
® Lowest ER background rate ever achieved. sults
@ Great potential to search for rare processes up to the MeV scale. | 1805
Towards a multi-ton scale xenon observatory
XLZD consortium: Merger of leading collaborations for a ‘- lepaper
future multi-ton scale Xenon-based experiment . s-90, 013001

& b T. Pollmann - 29/08/23 @ 16:00
@ o y
® o
¢ )
..‘ .Q. XLZD beyond WIMPs: Neutrino-less double beta-

decay and More!

-
Planning the future DARWIN/XLZD observatory -
WIMP sensitivity goals and detector R&D
% K. Palladino - 29/08/23 @ 15:15
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Main Goal: Direct detection of WIMP dark matter candidate
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@ Fourth generation of XENON experiment
= Based on the same detection technology: dual-phase Time Projection Chamber ~resen
= Already demonstrated the scalability of this technology

@ Operating atthe INFN - Laboratori Nazionali del Gran Sasso (LNGS)

= Underground laboratory with 1300 m overburden (3600 m.w.e)
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