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Hints for a dark component of the Universe

Flat velocity of stars 
beyond visible disk size 

implies the existence 
of an unseen mass distribution

Existence
of dwarf galaxies
can be understood
if there is enough 

mass around 
which is not seen

Cold dark matter
to be consistent
with formation of

large scale structures

Anisotropies in CMB
allow a measurement
of dark matter density

Unknown Matter 
responsible of 

gravitational lensing
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What the Universe is made of ?

ΛCDM
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What is Dark Matter ?

Forbidden to be all of DM as de 
Broglie wavelength would be too 
large to fit inside dwarf galaxies

from 10-22 to 10+67 eV

From “wave-like” ultralight boson, axion… … to primordial black holes
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Plenty of theories that could explain Dark Matter
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The WIMP Miracle

ΩDM ~ < σA v > -1The abundance of a particle is related to its cross section:

The Weakly Interacting Massive Particle (WIMP) is the most popular candidate:

- weak scale cross section
- non-relativistic particle
- mass 100 GeV – 1 TeV
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Dark Matter halo

Dark Matter is required to be:
• Neutral
• Non-baryonic → weakly interacting
• Cold (non-relativistic) → large scale structure
• New Particle → neutralino, Kaluza-Klein particle, axion, gravitino …

Its local density should be:
ρχ = 0.3 ± 0.1 GeV/cm3 
(J. Bovy and S. Tramaine, Astrophys.J. 756 (2012) 89)

Its speed distribution should be:
Baxter et al., Eur. Phys. J. C 81, 907 (2021) 8 kpc

. Sun
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The direct detection principle

WIMPs elastically scatter off nuclei in targets, producing nuclear recoils

WIMP
nuclei

χ + N → χ + N

For example, by assuming :

- WIMP mass: Mχ = 100 GeV/c2 
- WIMP velocity: v0 = 220 km/s

we have the average recoil energy: ~  30 keV

Small energy recoil !
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Differential rate

Expected spectrum:

0.3 GeV/cm3 
WIMP-nucleus cross section (model dependent, spin)

Nuclear form factor (depends on atomic nuclei)

WIMP-nucleus reduced mass

Motion dynamics
- Maxwellian distribution for DM velocity is assumed
- v = velocity on target
- vmin = minimum required to produce recoil energy
- vmax = galactic escape velocity (~ 500 – 650 km/s)

Small event rate !
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Result of a direct detection experiment

Positive signal
● Region in σχ versus mχ

Zero signal
● Exclusion of a parameter 

region
● Low WIMP masses: detector 

threshold matters
● Minimum of the curve: 

depends on target nuclei
● High WIMP masses: 

exposure matters = m × t
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Playground and neutrino fog
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Current scenario
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Still two regions to explore



14Luca Scotto Lavina, Seminar @ CPPM, Marseille

The XENON Collaboration
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The XENON Project



16Luca Scotto Lavina, Seminar @ CPPM, Marseille

Bigger and more silent

XENON1T

XENONnT

XENON100

Fiducial mass
[kg]

Low-energy ER background
[events/(tonne keV day)]

2008 2012 2018 2022

4180

0.0430.2

5.3

1000

1300

345

XENON10
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The XENONnT detector
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Improvements with respect to XENON1T
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Improvements with respect to XENON1T
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TPC Detection Principle
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TPC Detection Principle
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TPC Detection Principle
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XENONnT Science Run 0
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Detector Calibration
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Threshold and efficiency
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Signal and background models
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Signal and background models
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Signal and background models
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Signal and background models
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Signal and background models
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Signal and background models
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Signal and background models
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WIMP results
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WIMP results
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WIMP Spin-Independent limit
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Comparison with recent results
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Conclusion and outlook
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Even more physics to come !
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WIMP Spin-Dependent limits
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Current contributions of XENON-France
XE

NO
Nn

T

ReStoX2 and its heat  exchanger Operations :
• Data Transfer Manager
• Data Quality Manager
• XOM : offline monitoring tool
• Distributed storage with 

GRID
• Computing administration
• Analysis tools

Analysis :
• S2-only search
• Neutrinoless double beta 

decay
• S2 signal simulation
• CEvNS Solar neutrinos
• Supernova neutrinos

Xe
La
b

R&T for next 
generation detectors
• Floating electrodes
• Single electrons 

background
• LN2-based cooling 

systems
• Open-source slow 

control systems

Cryostat
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Thanks
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Backup
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Electron recoil background comparison


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43

