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๏ Prompt light signal (S1)

๏ Secondary light in GXe from drifted electrons (S2)

๏ Reconstruction of position (x, y, z), energy (E)  

and interaction type (ER/NR) through S1/S2 ratio

We can reconstruct and discriminate different type of interaction 
→ We can search for different physical processes

Readout of scintillation and ionisation signals:



Maxime Pierre  
maxime.pierre@nikhef.nl

TAUP 2023
XENON Physics Program 31

3

2

C. Wittweg Talk

S. Li Poster

Z. Xu Talk

NR

ER

XEN
O

N
nT latest results

WIMPs DM candidate
๏ Spin-independent


➡ PRL 131, 041003

➡ PRL 119, 181301

➡ PRL 121, 111302

1

Other DM candidate

๏ Light DM

➡ PRL 123, 241803 

➡ PRL 123, 251801

๏ Spin-dependent

➡ PRL 131, 041003

➡ PRL 122, 141301

๏ Sub-GeV

➡ PRL 122, 071301

➡ PRD 103, 063028

๏ Heavy DM

➡ PRL 130, 261002

๏ Bosonic DM

➡ PRL 129, 161805

➡ PRD 102, 072004 

2
1

Energy

1 keV 10 keV 100 keV 1 MeV

Primary goal → DM direct detection at 
low-energy recoil in our xenon target

https://indico.cern.ch/event/1199289/contributions/5447397/
https://indico.cern.ch/event/1199289/contributions/5449609/
https://indico.cern.ch/event/1199289/contributions/5449539/
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Lower background level → open new 
physics channel… up to the MeV scale
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๏ 124Xe 2/0𝜈(EC,β+) decay 

➡ EPJC 80:1161


๏ 136/4Xe 2/0𝜈ββ decay 

➡ PRL 125, 171801

➡ PRD 102, 051701

➡ PRD 103,055019


๏ …

๏ 124Xe 2𝜈ECEC capture 

➡ PRL129, 161805

➡ PRC 106, 024328

➡ Nature 568, 532


๏ 136Xe 0𝜈ββ decay 

➡ PRC 106, 024328

➡ EPJC 80:785 

Double Weak Processes

1 keV 10 keV 100 keV 1 MeV

Primary goal → DM direct detection at 
low-energy recoil in our xenon target

Lower background level → open new 
physics channel… up to the MeV scale

https://indico.cern.ch/event/1199289/contributions/5447397/
https://indico.cern.ch/event/1199289/contributions/5449609/
https://indico.cern.ch/event/1199289/contributions/5449539/
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Double Weak Processes

1 keV 10 keV 100 keV 1 MeV

Primary goal → DM direct detection at 
low-energy recoil in our xenon target

Lower background level → open new 
physics channel… up to the MeV scale

Today’s Focus
124Xe 

2𝜈ECEC
136Xe 
0𝜈ββ

2.458 MeV64.3 keV

https://indico.cern.ch/event/1199289/contributions/5447397/
https://indico.cern.ch/event/1199289/contributions/5449609/
https://indico.cern.ch/event/1199289/contributions/5449539/
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3

๏ Second-order weak processes offer an opportunity to constrain NME 
calculation, which suffer from large uncertainties (≠ nuclear model).

Because we can!

Help to test nuclear models

1

2

Probe BSM physics
๏ Neutrinoless processes (e.g. 0𝜈ββ decay) can shed light on the true 

nature of neutrino (Dirac/Majorana) and explain matter/anti-matter 
asymmetry in the Universe.

๏ Xenon isotopes undergoing double weak processes  (124Xe, 134Xe, 136Xe) are naturally present in our detector!


๏ Our detector is sensitive to their signal. → Electronic Recoil.


๏ It can be a potential source of background for other physics channels. → It needs to be understood.

1
T2νββ

1/2
= (geff

A )4 M2ν
GT

2
G2ν

Nuclear Matrix Element (NME)
Phase Space Factor (PSF)

Effective axial-vector coupling

1
T0νββ

1/2
= g4

A G0ν M0ν
2

f (mi, Uei)
2

BSM physics driving the decay
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First observation of 
124Xe 2𝜈ECEC 

XENON1T, April 2019
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First observation of 
124Xe 2𝜈ECEC 

XENON1T, April 2019

Improved measurements 
of 124Xe 2𝜈ECEC 

First search for 
0𝜈ββ decay of 136Xe

XENON1T, August 2022

Demonstrate 

feasibility

PRC
 106, 024328

PRC
 106, 024328



Maxime Pierre  
maxime.pierre@nikhef.nl

TAUP 2023
Double Weak Processes in XENON 5

First observation of 
124Xe 2𝜈ECEC 

XENON1T, April 2019

Improved measurements 
of 124Xe 2𝜈ECEC 

First search for 
0𝜈ββ decay of 136Xe

XENON1T, August 2022

Demonstrate 

feasibility

PRC
 106, 024328

PRC
 106, 024328

What next?

XENONnT
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J. Jakob Poster13

https://indico.cern.ch/event/1199289/contributions/5449599/
https://indico.cern.ch/event/1199289/contributions/5449603/
https://indico.cern.ch/event/1199289/contributions/5449601/
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๏ July 6 to Nov 10, 2021 (97.1 days).

๏ 95.1 days lifetime corrected.

๏ 4.18 ± 0.13 tonnes fiducial volume.

Exposure:1.1 tonne-year of 
scientific data
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๏ July 6 to Nov 10, 2021 (97.1 days).

๏ 95.1 days lifetime corrected.

๏ 4.18 ± 0.13 tonnes fiducial volume.

Exposure:1.1 tonne-year of 
scientific data

LZ, PRL 131,  041002 (2023)

XENONnT, PRL 129, 161805 (2022)

Lowest ER background rate ever 
achieved with such detector 

PandaX-4T, PRL 129, 161804 (2022)

XENON1T, PRD 102, 072004 (2020)
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PRL 129, 161805
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PRL 129, 161805

๏ No excess found and an excess of the 
XENON1T magnitude is excluded at 8.6 𝜎. 

๏ Set new limits on physics model: solar axion, ALPs, 
and 𝜈 magnetic moment. → PRL 129, 161805
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Double weak processes (124Xe 2𝜈ECEC & 136Xe 
2𝜈ββ) start to be a dominant contributor!

PRL 129, 161805

๏ No excess found and an excess of the 
XENON1T magnitude is excluded at 8.6 𝜎. 

๏ Set new limits on physics model: solar axion, ALPs, 
and 𝜈 magnetic moment. → PRL 129, 161805
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Double weak processes (124Xe 2𝜈ECEC & 136Xe 
2𝜈ββ) start to be a dominant contributor!

T2νECEC
1/2 = (1.18 ± 0.13stat  ± 0.14sys ) × 1022 yr

๏ Measurement of the 2𝜈ECEC half-life of 124Xe with 

improved uncertainties compare to XENON1T.

PRL 129, 161805

T2νECEC
1/2 = (1.1 ± 0.2stat  ± 0.1sys ) × 1022 yrSR0+SR1 XENON1T:

SR0 XENONnT:

๏ No excess found and an excess of the 
XENON1T magnitude is excluded at 8.6 𝜎. 

๏ Set new limits on physics model: solar axion, ALPs, 
and 𝜈 magnetic moment. → PRL 129, 161805
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SR0

1.8 μBq/kg

0.8 μBq/kg

Now

XENONnT continues taking data

๏ With lower 222Rn contamination level.


๏ Improved analysis techniques for both 
low- and high-energy searches.

G
O

AL Exploit the full potential of XENONnT to search for rare processes… 
up to the MeV scale  (DM, Double Weak Processes, etc…)
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Current 

best-limit

Projection

nEXO

LEG
EN

D 1000

XENONnT

๏ Not yet competitive with dedicated 0𝜈ββ experiments:


➡ Non-enriched target. 

➡ Materials optimization for DM search (SS Cryostat). 


๏ It demonstrates the potential for future xenon DM experiments. 

➡ The next generation of xenon DM experiment (e.g. DARWIN/

XLZD) can approach the sensitivity of dedicated 0𝜈ββ 

experiments.

Simultaneous search for DM and 
0𝜈ββ decay in a single detector

ST
R

EN
G

H
PRC

 106, 024328
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๏ First results published for low-energy searches.

๏ Lowest ER background rate ever achieved.

๏ Great potential to search for rare processes up to the MeV scale.

1 XENONnT First science run completed WIMPs results

PRL 131, 041003

Low-ER results

PRL129, 161805
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๏ First results published for low-energy searches.

๏ Lowest ER background rate ever achieved.

๏ Great potential to search for rare processes up to the MeV scale.

1 XENONnT First science run completed

XLZD consortium: Merger of leading collaborations for a 

future multi-ton scale Xenon-based experiment

Community Whitepaper

J. Phys. G: Nucl. Part. Phys. 50, 013001

Planning the future DARWIN/XLZD observatory - 
WIMP sensitivity goals and detector R&D

T. Pollmann - 29/08/23 @ 16:00
1

XLZD beyond WIMPs: Neutrino-less double beta-
decay and More!

K. Palladino - 29/08/23 @ 15:15
2

Towards a multi-ton scale xenon observatory2

WIMPs results

PRL 131, 041003

Low-ER results

PRL129, 161805
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Main Goal: Direct detection of WIMP dark matter candidate


12 countries
27 institutions 
~170 scientists
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XENON10 XENON100 XENON1T XENONnT

2005 2008 2016 2021

Active mass

Time

15 kg 62 kg 2000 kg 5900 kg

M. Schumann (AEC Bern) – XENON 8

XENON1T

96cm

● 3.5 t liquid xenon in total
● 2.0t active target
● ~1t after fiducialization
 

● 248+6 PMTs

Present

๏ Operating at the INFN - Laboratori Nazionali del Gran Sasso (LNGS)

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

๏ Fourth generation of XENON experiment 

➡ Based on the same detection technology: dual-phase Time Projection Chamber

➡ Already demonstrated the scalability of this technology 



Maxime Pierre  
maxime.pierre@nikhef.nl

TAUP 2023
Back-up: Low-ER results 15


