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DM Evidence
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DM Production 

Production:

SM

SM

DM

DM

1. Collider / Beam Dump

2. Atmospheric DM

Su, Wang, Wu, Yang, Zhu, PRD 102, 115028 (2020)
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DM Production In the SUN

Production:
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DM produced in the SUN???
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DM Production In the SUN

Look into the Sun:

Nuclear Reaction: pp Chain

Borexino Collaboration, Nature volume 562, 505–510 (2018) 

Standard Solar Model
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DM Production In the SUN

Look into the Sun:

Nuclear Reaction: pp Chain

Borexino Collaboration, Nature volume 562, 505–510 (2018) 

Standard Solar Model
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Solar DM Overview
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Nuclear Fusion

𝜎DM

𝜎𝛾

Quantum mechanics: consider a potential between 𝑝 & H2

(initial ionized state)

(final ground state of 𝑝&H2)

similar to recombination:

Bertulani, CPC 156 (2003) 123-141
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Nuclear Fusion

𝜎DM

𝜎𝛾

Quantum mechanics: consider a potential between 𝑝 & H2

(initial ionized state)

DM

DM

(final ground state of 𝑝&H2)

𝐸DM = 5.5 MeV

Bertulani, CPC 156 (2003) 123-141
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Nuclear Fusion

𝒑 − 𝐇𝟐 Potential:

nuclear potential spin-orbital coupling Coulomb potential
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Nuclear Fusion

DM

DM

𝒑 − 𝐇𝟐 Potential:

nuclear potential spin-orbital coupling Coulomb potential

⇒ 𝜎DM

Initial state WF: 𝝓𝒊

Final state WF: 𝝓𝒇
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Nuclear Fusion

DM

DM

Initial state WF: 𝝓𝒊

Final state WF: 𝝓𝒇

𝒑 − 𝐇𝟐 Potential:

nuclear potential spin-orbital coupling Coulomb potential

⇒ 𝜎DM
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Production Rate

DM production rate: 𝑝-H2 photon rate
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Production Rate

DM production rate: 𝑝-H2 photon rate

note: 𝑆 ∝ 𝜎

(from solar model)
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Modeling the Scattering

1.  Monte Carlo

computationally expensive

C. Xia, private communication
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Modeling the Scattering

1.  Monte Carlo

computationally expensive

2.  Straight-line Approximation

straight-line

Monte Carlo
Cappiello, PRL 130, 221001 (2023)

invalid for large scattering xsec

C. Xia, private communication

See also NQ Song’s talk
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Modeling the Scattering

1.  Monte Carlo

computationally expensive

2.  Straight-line Approximation

straight-line

Monte Carlo
Cappiello, PRL 130, 221001 (2023)

invalid in large scattering

C. Xia, private communication

Analytical 

& 

Accurate
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The Boltzmann Equation

# Boltzmann Equation Method

key function: Distribution
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Kolb, Turner, The Early Universe
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The Boltzmann Equation

# Boltzmann Equation Method

# Boundary Condition

No particle goes in at the surface.

key function: Distribution

Kolb, Turner, The Early Universe

Liouville Operator: 

propagation

Collision Terms:

interaction
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Kolb, Turner, The Early Universe

The Boltzmann Equation

# Boltzmann Equation Method

# Boundary Condition

No particle goes in at the surface.

key function: Distribution

Liouville Operator: 

propagation

Collision Terms:

interaction
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Approximation

Scattering Collision Term: 5-fold integration
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Approximation

Scattering Collision Term: 5-fold integration

Approximation: Expansion over 
𝟏

𝒎𝒑
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DM Flux

DM Flux @ Earth:

Monte Carlo & Boltzmann Equation

Perfect Alignment
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Detection

Xenon Detector: Below the threshold

Argon Detector: threshold 

sensitivity
DarkSide-50
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Detection

Xenon Detector: Below the threshold

Argon Detector:

DarkSide-LowMass
Future follow-up of DarkSide-50

threshold 

sensitivity
DarkSide-50

GADM Collaboration, PRD 107, 112006 (2023)

Cosmic-Ray Boosted DM
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Light DM in BBN

Evans, Ghalsasi, Gori, Tammaro, Zupan, JHEP 02 (2020) 151

1. Light & Thermal DM:  BBN excluded 

2. Light but Decoupled & Diluted DM: BBN consistent

Sabti, Alvey, Escudero, Fairbairn, Blas, JCAP 01 (2020) 004



Conclusion:

Solar DM can be

Thanks!


