
The Sun as a Dark Matter 
Laboratory: The Neutrino Messenger

MACROS 2026 Workshop, Penn State University, Happy Valley

Thong T.Q. Nguyen



We gonna use neutrinos from the Sun to study
1. Leptophilic Dark Matter                                                          

(TTQN, Tim Linden, Pierluca Carenza, Axel Widmark, 
Accepted by PRD Letter, arXiv:2501.14864)


2. Spin-dependent Dark Matter-proton scattering             
(TTQN, Tim Linden, submitted to PRD, arXiv:2602.15113)


3. Millicharged Dark Matter (TTQN, in prep.)
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Solar Neutrino Observations
Measuring neutrino oscillations

• Solar neutrino deficit observed since 1970s 
(Raymond Davis) — the "solar neutrino 
problem.”


• Confirmed by Kamiokande (1989): 
observed flux ~ half of prediction.


• Resolved in 2001: Super-K + SNO proved 
neutrino oscillations are the cause.


• Solar model predictions now consistent 
with observations after accounting for 
oscillations.

Thong Nguyen, Stockholm University



Solar Neutrino Observations
The Dark Matter Capture Explanation

However, before the confirmation of neutrino 
oscillation by SNO, there is hypothesis of 
Dark Matter accumulate inside the Sun:


• Press and Spergel, Faulkner and Gilliland 
(1985) : DM conduct energy out of the core, 
lower the central temperature, thus produce 
less neutrinos.


• Silk, Olive, and Srednicki (1985), Gaisser, 
Steigman and Tilav (1986) pointed out the 
neutrino signals from DM annihilation is 
completely distinct from the MeV-scale 
solar neutrinos

Thong Nguyen, Stockholm University
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Dark Matter Detector = Neutrino Detector
Xenon1T vs Super-Kamiokande
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Neutrino Detector = Dark Matter Detector
Xenon1T vs Super-Kamiokande

Super-K is 
sensitive to 
neutrinos 
from DM 
annihilation 
inside the 
Sun!
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What we know about Dark Matter?

Thong Nguyen, Stockholm University



Direct Detection
Study non-gravitational interaction between DM and normal matter

Thong Nguyen, Stockholm University



The Sun as Natural Dark Matter Detector
Large Exposure from the Heaven!

XENONnT: 
• 7000 kg

• 700 days


5 x 106 kg day

The Sun: 
• 3 x 1030 kg

• 2 x 1010 days

6 x 1040 kg day

Thong Nguyen, Stockholm University
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Dark Matter Capture in The Sun
A novel idea first proposed by Press and Spergel, 1985

• DM scattering with nucleons 
and electrons inside the Sun


• Lose Kinetic Energy.


• DM Velocity below the Sun’s 
Escape Velocity!


• Being captured! Enhance the 
DM density inside the Sun

Thong Nguyen, Stockholm University



Dark Matter Capture in The Sun
A novel idea first proposed by Press and Spergel, 1985
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0
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∫ ↑

0
duω

fv→(uω)

uω

→
∫ vesc(r)

0
dv → w(r)R↓

e (w ↑ v)

Capture Rate:
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Dark Matter Capture in The Sun
A novel idea first proposed by Press and Spergel, 1985
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Tools/Packages for DM capture in the Sun
Also calculate for the Earth and other objects

Asteria (arXiv:2309.00669)
(arXiv:2510.21185)

(arXiv:1808.03700)

(arXiv:2007.15010)

Thong Nguyen, Stockholm University



Dark Matter annihilation in the Sun
Possible indirect detection signals

Thong Nguyen, Stockholm University



Dark Matter annihilation in the Sun
High-Energy Gamma Ray

Fermi-LAT HAWC

Thong Nguyen, Stockholm University



Leptophilic Dark Matter in the Sun
Dark Matter annihilation to produce indirect detection signal

Fermi-LAT HAWC

Super-Kamiokande IceCube
Thong Nguyen, Stockholm University



Dark Matter annihilation in the Sun
Neutrino signal from DM annihilation
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Neutrino Spectrum
Neutrino Flux

Thong Nguyen, Stockholm University



Tools for calculating Neutrino spectra from the Sun
My Biased Selection

Thong Nguyen, Stockholm University



1. Leptophilic Dark Matter

Thong Nguyen, Stockholm University



Leptophilic dark matter capture in the Sun
For constant, velocity, and momentum-dependent DM-electron cross sections

We calculate the Capture Rate of 
DM-electron scattering: The number 
of DM being accumulated per 
second in the Sun


Thong Nguyen, Stockholm University



Leptophilic dark matter capture in the Sun
For constant, velocity, and momentum-dependent DM-electron cross sections

We calculate the Capture Rate of 
DM-electron scattering: The number 
of DM being accumulated per 
second in the Sun


We fixed a long-standing 17-year 
problem for DM-electron capture in 
the Sun

Thong Nguyen, Stockholm University



Super-Kamiokande observation
Using Super-K atmospheric neutrino background

Super-K Water Cherenkov


Neutrino detector, Japan

Thong Nguyen, Stockholm University



Super-Kamiokande observation
Using Super-K angular resolution to reduce background

Thong Nguyen, Stockholm University



Neutrinos from leptophilic DM annihilation inside the Sun
Consider leptophilic annihilation channels

We calculate the fluxes and 
numbers of neutrino events 
from DM annihilation inside 
the Sun, and from 
Atmospheric Background.

Thong Nguyen, Stockholm University



Constraints on Leptophilic Dark Matter 
Using 10-year Super-K observation on atmospheric muon neutrino

TTQN, Tim Linden, Pierluca Carenza, Axel Widmark (arXiv:2501.14864)



Constraints on Leptophilic Dark Matter 
Projections for Hyper-K (10 years)

TTQN, Tim Linden, Pierluca Carenza, Axel Widmark (arXiv:2501.14864)
Thong Nguyen, Stockholm University



An Active Research Direction
Analysis results from Experimental Collaborations

Super-K Collaboration, PRL 2015 IceCube, 2025

Thong Nguyen, Stockholm University



Dark Matter Evaporation



Dark Matter evaporation in the Sun

• Fast electrons/nucleons in the Sun 
can up-scatter captured DM.


• The up-scattered DM can exceed 
the Sun’s escape velocity.


• Light DM can “evaporate” from the 
Sun.


• Previous results: DM below 4 GeV 
is fully evaporated.

Garani and Palomares-Ruiz, 1702.02768

Thong Nguyen, Stockholm University



Previous results with the Evaporation Cutoff
Both gamma-ray and neutrino observations

(1703.04629)

(2111.09970)

Thong Nguyen, Stockholm University



2. Spin-dependent DM-proton cross 
section below Evaporation Limit





Evaporation is suppressed at high cross section
Dark Matter in the Local Thermal Equilibrium (LTE)

Busoni et al., 1703.07784

Garani and Palomares-Ruiz, 1702.02768
Thong Nguyen, Stockholm University



Below the Evaporation Limit
The competition between Evaporation and Annihilation

Thong Nguyen, Stockholm University



Can we see anything?
Neutrino and Gamma-Ray signals

Thong Nguyen, Stockholm University



Can we see anything?
Neutrino and Gamma-Ray signals
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Constraints on Spin-dependent DM-proton scattering
Extending Analysis down to 0.1 GeV DM mass

Massless final state channels Leptonic final state channels
Thong Nguyen, Stockholm University



3. Millicharged Dark Matter

Thong Nguyen, Stockholm University



Millicharged Dark Matter
Strongly-coupled regime for subdominant Dark Matter Fraction

• Millicharged Dark Matter model can be an extension of the 
Standard Model, with extra U(1)’.


• Usually interacts with the Standard Model through a very light 
dark photon kinetic mixing with the SM photon


• Dark Matter can carry charge, but it has to make up only a 
fraction of the total dark matter density


• CMB and BBN constraints:
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Millicharged Dark Matter in the Sun
Original idea from Berlin and Hooper (arXiv:2407.04768)
• Strongly-coupled Millicharged DM will be 

captured by the Sun with the maximum 
(geometric) capture rate


• They can annihilate to tau pairs and 
produce neutrinos that can be observed 
by IceCube


• If the charge is big, the DM will form 
bound states with nuclei inside the Sun 
through Coulomb potential


• This bound state will suppress the DM 
annihilation

Thong Nguyen, Stockholm University



IceCube constraints on Millicharged DM
Berlin and Hooper (arXiv:2407.04768)



Super-K constraints on Millicharged DM
Preliminary results

Thong Nguyen, Stockholm University



Super-K / Hyper-K sensitivities
Preliminary results

Thong Nguyen, Stockholm University



Conclusion
• The Sun is cool for Dark Matter 

Searches


• Neutrinos are one of the important 
smoking-gun signals for DM.


• It is an active research direction!
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