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Hidden vectors 
from  

solar nuclear reactions



Image Credit: https://www.sciencefocus.com/space/does-our-solar-system-have-a-wall/

Solar Signals from Hidden Sectors
Weakly-coupled 

particles produced in 
the solar interior

Terrestrial detection

In this talk:
Terrestrial detection of weakly-coupled particles 
produced by solar nuclear reactions (E ≃ MeV)



The p-p Chain

Image Credit: https://commons.wikimedia.org/wiki/File:Proton-proton_reaction_chain.svg



New States in the Solar Core
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N1N2 ! N3X
Feebly coupled particle X 

produced by nuclear reactions, 
escape the solar interior 

without further interactions
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X
Second stage of the p-p chain:
monochromatic X (5.49 MeV)

Donnelly et al., PRD18 (1978) 
Raffelt and Stodolsky, PLB119 (1982) 
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Terrestrial Detection
How to detect a flux of monochromatic X particles?

It depends on the target and on the X’s properties 
Couplings to electron and photon are crucial

Some examples:

Electron Coupling Photon Coupling
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A known example: the QCD Axion

<latexit sha1_base64="TAHcHhvmeV3aTwou3o3l3aUhi8Y="></latexit>
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QCD Axions (or ALPs in general) produced by 
solar nuclear reactions and detected on Earth 

Borexino Collaboration, PRD85 (2012)
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Axion production controlled 
by the iso-triplet coupling

Avignone et al., PRD37 (1988)
Massarczyk et al., PRD105 (2022)



QCD Axion: Future Prospects
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Lucente et al., PRD106 (2022)

JUNO: Jiangmen Underground Neutrino Observatory
Large fiducial mass (∼20 kton) 

and 
exquisite energy resolution (3% / (E(MeV))½)

JUNO Collaboration, Prog.Part.Nucl.Phys.123 (2022) 



Massive Vectors

Examples include: Abelian extensions of the SM gauge 
group, resonances from confining dark sectors, … 

Portals to the visible universe:
• kinetic mixing (ε ≠ 0)

• dark charges of SM states (J’ ≠ 0, vector-like charges)
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FD, Lucente, Nath, Yun, in preparation

Low-energy Lagrangian



Production I: Physical States
Procedure to identify physical states different 

than in the vacuum due to plasma effects
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γ ′e′J ′

γ

γ ′eJEM

Πγγ′
ε

γ

γ ′eJEM

Hardi and Lasenby, JHEP02 (2017)
Hong et al., PRD103 (2021)

Production dominated by the
iso-vector coupling to nucleons



Production II: Fluxes
Kinetic Mixing

Plasma Mixing
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Only kinetic mixing switched on
Dark charges of SM states vanishing

Production controlled by the 
dark charge of the electron field

Kinetic mixing negligible

FD, Lucente, Nath, Yun, in preparation



Detection Channels

Inverse Compton-like
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Dark vector decay
<latexit sha1_base64="W1y88dv09ztLxGxTledBd2R60tM=">AAACInicbVDLSgNBEJz1bXxFPXoZjIKghl3xdQx68RjBRCEbQ++kdzNkZneZmVXC4g/4HX6AV/0Eb+JJ8O5vOIk5aLRgmKKqm+6uIBVcG9d9d8bGJyanpmdmC3PzC4tLxeWVuk4yxbDGEpGoqwA0Ch5jzXAj8CpVCDIQeBl0T/v+5Q0qzZP4wvRSbEqIYh5yBsZKreKGH4GUcO2nikukvuJRx4BSyS3F623q79hvt1UsuWV3APqXeENSIkNUW8VPv52wTGJsmACtG56bmmYOynAm8K7gZxpTYF2IsGFpDBJ1Mx9cc0c3rdKmYaLsiw0dqD87cpBa92RgKyWYjh71+uK/nrardLA9Mt6Ex82cx2lmMGbf08NMUJPQfl60zRUyI3qWAFPcHkBZBxQwY1Mt2GS80Rz+kvpe2TssH5zvlyonw4xmyBpZJ1vEI0ekQs5IldQII/fkkTyRZ+fBeXFenbfv0jFn2LNKfsH5+AL0WqO3</latexit>

�0 ! e+ e�

<latexit sha1_base64="z1m8vw6/WmkgGgFbOXRb3U7orMM=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2ARRLHMiLeNUHTjsoK9QKcOmfS0Dc1kxiRTKKXv4HP4AG71EdxJt258DdN2BK3+EPj4zzmcnD+IOVPacUZWZm5+YXEpu5xbWV1b37A3tyoqSiSFMo14JGsBUcCZgLJmmkMtlkDCgEM16F6P69UeSMUicaf7MTRC0hasxSjRxvLtg7YP+BIfeT0iIVaMRwIDPsRw78WShYAf/G/07bxTcCbCf8FNIY9SlXz702tGNAlBaMqJUnXXiXVjQKRmlMMw5yUKYkK7pA11g4KEoBqDyU1DvGecJm5F0jyh8cT9OTEgoVL9MDCdIdEdNVsbm//WlPlKB5oz63XrojFgIk40CDrd3ko41hEep4abTALVvG+AUMnMAZh2iCRUm2xzJhl3Noe/UDkuuGeF09uTfPEqzSiLdtAu2kcuOkdFdINKqIwoekTP6AW9Wk/Wm/VujaatGSud2Ua/ZH18AUpQpf4=</latexit>

ge = �"e+ e0q0e
Detection controlled by the 

effective coupling to the electron



Results I: Kinetic Mixing

FD, Lucente, Nath, Yun, in preparation



Results II: Plasma Mixing

FD, Lucente, Nath, Yun, in preparation



Outlook

• Solar core source of polarized 
massive vectors up to MeV mass

• Plasma effects crucial for 
computation of fluxes

• Single coupling phenomenology
• Two benchmark scenarios: 

kinetic and plasma mixing
• Applications to UV completions? 
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