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Solar Neutrinos
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■ Sun produces electron neutrinos: 4p 2e−→ 4He 2νe Q

Xu, Wang, Chen, PPNP 2023



The Solar Neutrino Problem and Its Solution
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■ First detection of solar neutrinos at the Homestake experiment in 1967

■ Observed number of solar νe events was ∼ 3 times smaller than expected

■ Electron neutrinos produced in the Sun oscillate into muon and tau
neutrinos as they travel to Earth (SNO experiment)



Neutrinos Have Mass
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Pαβ = sin2 2θ sin2(∆m2L
4E )



Heavy Neutral Leptons (HNLs)

5
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Minkowski, Mohapatra, Senjanović,
Gell-Mann, Ramond, Slansky, Yanagida

Bolton et al., JHEP 2020



HNLs Mixed with Solar Electron Neutrinos
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Drewes, Heisig, Weber
PRD 2025

Huber and Li, PRD 2026



What About HNLs Mixed with Tau Neutrinos?

7

Bolton et al., JHEP 2020

Gustafson et al., PRD 2022

Plestid, PRD 2021



Probing HNLs with Tau-Neutrino Mixing Using Solar Neutrinos
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νe→ ντ Transition in the Sun
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■ we consider 8B and hep neutrinos

■ adiabatic approximation:

Nairat et al., PRL 2026



ντ→ HNL

13

■ ντ p→ N p

VB, Mir, Xu, 2608.19319



HNL Decay
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■ Given their relatively long lifetimes for O (10) MeV masses (τN∝m−5
N )

HNLs produced in the Sun typically decay in the heliosphere

■ The propagation of e± produced from solar HNL decay is strongly
influenced by the magnetic field in the heliosphere

■ This is typically described using an effective framework based on
transport equations that incorporate spatial diffusion



e± Flux
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e± Flux
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■ Over sufficiently long timescales dψ/dt= 0

■ Assuming isotropic diffusion, the diffusion term simplifies to
∇ · (D · ∇ψ) = D∇2ψ, where D is the scalar diffusion coefficient

VB, Mir, Xu, 2608.19319



SOHO (Solar and Heliospheric Observatory)
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■ The EPHIN detector onboard SOHO measures the e± spectrum



SOHO
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■ Solar activity declines over each solar cycle,
reaching a period known as the Quiet Sun

■ Reduced solar-wind background during this
period facilitates searches for e± from HNL decays

■ SOHO collected MeV e− data over a 13-month
period from June 2007 to July 2008

■ This measurement is dominated by Jovian e−



e± Flux and SOHO Data
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Constraints
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■ 90% CL constraints in the parameter space of the HNL mass and
the HNL mixing with tau neutrino:

■ The derived results improve upon all of the existing limits by more than an
order of magnitude in |UτN|2 for mN ∼ 5 MeV



Summary
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■ This mechanism probes τ-flavored HNLs with masses up to O (10) MeV

■ e± from HNL decays can be detected by space-based solar observatories
and we employ data collected by SOHO

■ We derive new constraints on the τ-flavored HNL parameter space,
reaching below |UτN|2 ∼ 10−2 at mN ∼ 5 MeV and surpassing all
previously derived terrestrial constraints in the 1–10 MeV range


