
 

 First Results from XENONnT on Solar CEνNS

DMLab, 17 october 2024

Quentin Pellegrini

Quentin Pellegrini – First Results from XENONnT on Solar CEνNS                                                                                                                                                                               1                                                                                                                    1



Dr. Erwann Masson — LPNHE

The XENON Program

 

XENONnT
2020–2027

  ?                    Direct dark matter detection
Weakly Interactive Massive Particle (WIMP or    )

Quentin Pellegrini – First Results from XENONnT on Solar CEνNS                                                                                                                                                                               2                                                                                                                    1



Dr. Erwann Masson — LPNHE

XENON collaboration 

 

2020–2027

  ?                    Direct dark matter detection
Weakly Interactive Massive Particle (WIMP or    )

Quentin Pellegrini – First Results from XENONnT on Solar CEνNS                                                                                                                                                                               3                                                                                                                    1



 

XENONnT
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Detection principle
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Particle discrimination

Electronic recoil (ER) 

ϛ/ n

Liquid Xenon

e-/γ

Nuclear recoil (NR)

WIMP 
Solar CEvNS 

Electronic 
Recoil (ER)

Nuclear
Recoil (NR)

      (S2/S1)ER   ＞ (S2/S1)NR

Liquid Xenon

Weakly Interacting Massive Particle (WIMP or    )
Solar Coherent Elastic Neutrino Nucleus Scattering (Solar CEνNS) 

ER
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Solar neutrinos fluxes 

Nuclear reaction chains in solar core
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What is Coherent Elastic Neutrino Nucleus Scattering (CEνNS)

                 
                                 

First observation of CEvNS at 6.7σ by COHERENT in 
2017 at the Spallation Neutron Source (SNS) 

Standard Model Process

   Coherence condition : qR< 1
     Low-energy neutrinos (< 100 MeV)

          

Low-energy NR events

XENONnT aims to detect world first 
         astrophysical CEνNS signal

 COHERENT collaboration, D. Akimov et al., Observation of Coherent Elastic 
Neutrino-Nucleus Scattering, Science (2017) , [1708.01294]

Quentin Pellegrini – First Results from XENONnT on Solar CEνNS                                                                                                                                                                               7                                                                                                                    1Quentin Pellegrini – First Results from XENONnT on Solar CEνNS                                                                                                                                                                               8                                                                                                                    1



Solar neutrinos and DM experiments

In LXe TPC experiments, Solar neutrinos interact mainly in two ways :

• Elastic electron scattering (ES)          ER signal

• Elastic coherent neutrino-nucleus scattering (CEνNS)         NR signal

Irreducible background 
for DM direct search

Lowest ER background 
in low-energy region

XENONnT ER study

Solar ES is the third most 
important background

Potential improvement of solar neutrinos properties
(PP flux, Pee, Weinberg angle, etc) 

Solar pp Neutrino 
Elastic Electron  
Scattering Study 
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Science Runs

Blind Analysis

SR2 ongoing
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[Tonne-Year]
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NR Calibration & Yield
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Conclusion

XENONnT performed a blind search for 8B CEνNS with 3.5 ton-years

● 37 events found with a background expectation of 26 events

● 2.73σ discovery significance

 FIRST detected astrophysical ν in a dark matter detector

        FIRST measured CEνNS signal from an astrophysical source 

                 FIRST measured CEνNS signal on a Xe target
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What’s next?

SR0+SR1+SR2 → >3σ « First Solar CEνNS Evidence»

Our search
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DARWIN

J Aalbers et al 2023 J. Phys. G: Nucl. Part. Phys. 50 013001



 

 Thank you for your attention

DMLab, 17 october 2024

Quentin Pellegrini
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NR Calibration & Yield



 

Astrophysical CEνNS and Dark Matter Search

Sensitivity of DM experiments in function of WIMP mass

Astrophysical CEνNS

    Irreducible NR background

    WIMP Sensitivity limits, Neutrino Fog (blue area)

CEνNS and solar neutrinos

• Background for Low-WIMP mass (< 10 GeV)
                  

•  Only 8B-ν counts (pp III chain)
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AC Validation
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