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I light vector boson
I kinetically mixed with photon
I field redefinition leads to interactions with SM fields

⇒ can be produce wherever photons can be produced
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Dark photons from stars

I stellar systems can produce light dark photons (m . a few keV)
I additional energy loss changes properties of star, e.g.

I core temperature→ neutrino fluxes
I luminosity
I surface temperature
I radius
I ...

I previous limits from e.g. Sun Vinyoles et al ’15, Redondo & Raffelt ’13, An et al ’13, ...

or Horizontal Branch and Red Giant Redondo & Raffelt ’13, Dolan et al ’23, ...
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Why red dwarfs?

I photon luminosity
I L∗ ∝ Mη

∗
I hydrodynamic equilibrium: η = 3 for idealized star (ideal gas,

const. opacity, ...)
I real stars: η ∼ 3

I dark photon luminosity
I emission controlled by plasma frequency ω2

p ∝ ne ∝ ρ
I for m� ωp

LDP ∝
∫ rmax

0
drr 2 ω3

p

eωp/T − 1
,

I expect much slower growth with mass (ηDP ∼ 1− 1.5)
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Why red dwarfs?
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I real dynamics more complicated
I real L∗/LDP grows as M decreases
I L∗/LDP enhanced by ∼ 10 for M . 0.3M�

new physics effect maximized for light stars
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Observables

I here: mass and radius
I mass is the most fundamental parameter for evolution of stars
I tight relation between mass and radius from stellar evolution

I need: theory and observations
I simulations of red dwarfs including dark photon cooling with MESA

our work

I measurements M∗ and R∗ using eclipsing binaries with % accuracy
data from M. I. Swayne et al ’23
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Red dwarf mass radius relation with dark photons
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Swayne et al

I mass radius relation w/o additional cooling from MESA
simulations

I 15 stars with M . 0.3M� from M. I. Swayne et al ’23

⇒ log-Likelihood analysis for upper limit on ε
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New limits
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Conclusions

I dark photon induced cooling most pronounced for light stars
I red dwarf mass and radius measurements open new way to test

dark photons
I significant improvement on limits from Sun
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Eclipsing binaries

figure from M. I. Swayne et al ’23

light curves of eclipsing binaries allow for independent measurement
of mass and radius with % accuracy
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