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Particle Production from the Sun
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What'’s the maximum flux at Earth?

Luminosity of dark sector particles is limited by the cooling argument
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This is not enough flux to detect dark sector particles!



What if we add strong self-interactions!?

* Self-thermalized plasma

e Boosted under its pressure

 Relativistic steady outflow

“Dark Solar Wind”’




Flux of dark solar wind
Lp < 0.01Lg ~4x103 erg s~
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Ly and D are the same, but
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~4 orders of magnitude larger flux
with ~4 orders of lower energies




Model : Millicharged particles
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* Dark Photon A, : A gauge boson of U(1),

* Millicharged Particle y (MCP) : A fermion charged under U(1)

* Model parameters: €, ap = ‘Z—Z, m, < To



Parameter Space
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LPM effect
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Dark Solar Wind
Perfect Fluid
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Fluid Dynamics
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Dark Fluid Profiles
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Dark Fluid Profiles
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Dark Fluid Profiles
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Dark Fluid Profiles
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Dark Fluid Profiles
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Similar to Parker’s solar wind,
but asymptotes to the fireball solution
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Parameter Space
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Conclusions

e Dark sector particles can be produced from the Sun

o If they have strong self-interactions, they thermalize and form
dark solar wind

e Dark solar wind leads unique phenomenological signatures
near the Earth

 Predicts higher flux but smaller energy compared to the free-
streaming case

e Dark solar wind encourages new experimental directions
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Production from the Sun

X
/
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* In the core of the Sun, photon gets a thermal mass
__ |4mane
My ~Wp = |,

e Plasmon decays to MCP, and this is the dominant production
mechanism for small mass MCP

e Production rate I,
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Self-thermalization

* Well-studied in reheating scenarios

* Number changing processes play most
important role for thermalization

* In our case, soft bremsstrahlung of dark photon
is most relevant process 'JJ_.A’
X

X
* Need I, 3 > 1551, g




Self-thermalization

* MCP produced from the core of the sun has
© Ehard ~ T@ ~1keV
° Mhard ~ NcTcore
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* Naive expectation for I_,;

3
ann
soft D hard
[h,3 ~ aDF2—>2 ~ 2
Wp




Landau—Pomeranchuk—Migdal (LPM) Effect
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Fluid Dynamics

 MCPs and dark photons are fully thermalized

* Mean free path is small enough so we can assume a
perfect fluid

" = (p + p)uru” — pgr”
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Continuity Equations
0,TH* = oV
v = ( term gives an energy equation
e v = 1,2,3 terms give momentum equations

e v = 2,3 terms vanish assuming spherical symmetry

o gV = (Q, 0,0,0), Q is power per unit volume



Continuity Equations

— 0, [r?y?v(p + p)] = Q(r)
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* Integrating the energy equation gives
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e Substituting this to momentum equation gives
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Velocity Equation
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* We set a boundary conditionv =0atr =0

e There are two solutions

o Subsonic solution :v < ,/1/3 atall r x

v « 772 at large radius

Need finite T at ¥ » o

° Transonic solution : v > ,/1/3 at large r M
Yy & 1 at large radius
T « r~1 at large radius
Asymptotes to the fireball solution



Massive Cases
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e Thermalization condition changes

* Profiles remain the same as long as dark sector particles are
fully thermalized inside the Sun (m < T (1))




