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Formation of structure in the Universe

o 27% Dark Matter creates the Gravitational web for the formation of structures with 5% of

baryons.
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Modern Particle Physics of today

Einstein’s Equation (ignoring constants):

—T s DM DE
G,=T,°+T,V+T,
5% 27% 68%
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Modern Particle Physics of today

Candidates of dark matter particles
WIMPs (Weakly Interacting T
Massive Particles) 10 1
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The Early Universe — dark matter particles

Following the evidence, let us now consider that our dark matter is somehow identical to the
standard particles.

The obvious choice is to consider that dark matter (27%) is a mirror world of the standard
particles (5%).

Nevertheless, we choose to keep the dark matter world simple (dark particle + dark photon).
The connection between the standard world and the dark world is done by a kinematic
coupling term.

Lopes, Painci, Silk 2014 ApJ
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How does Dark Matter influence stars?

Capture Cooling Annihilation

Chx o< f(x,*) Litransp, x < f(Clyx , mix) Liprod, x =fIx -Cx - mix

[Gould, ApJ 321 (1987)] [Gould & Raffelt ApJ 352 (1990)]  [Salati & Silk ApJ 338 (1989)]
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How does Dark Matter influence stars?

Cy (1) =/ 4mr? / —wQ dud’rl

[Gould, ApJ 321 (1987)]
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Capture

E ¢§ DYOE Fe
[Lopes, Casanellas & Eugénio, D

PhysRevD 83 (2011)]
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How does Dark Matter influence stars?

(t) = Ar? —wQ w) dudr
Capture O / /

[Gould, ApJ 321 (1987)]

g ' OE OO

[Lopes, Casanellas & Eugénio,
PhysRevD 83 (2011)]
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Prediction: dark matter effect on Population Il stars

Stars form in the dense dark matter halos
(primordial Universe and core of galaxies) have
their lives extended (slower evolution in the HD
diagram), due to the energy produced by dark
matter.

Observational prediction: The main
sequence of these stars in the HR
diagram will be different from the one
known for population | stars.

DM particles with a m, ~ 100 GeV and ogp (with
protons) ~ 10738 cm?

For a cluster of stars (0.7-3.5 M,)) in DM halo (p,
109 GeV cm3, continuous lines) and classical
scenario (dashed lines).
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Prediction: dark matter effect on Population | stars

Dark matter (asymmetric) changes the transport of heat energy inside these stars
(decreasing the central temperature). .
Asteroseismology

Observational prediction: Suppression of the

convective core in 1.1-1.3Mo Main sequence stars
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Prediction: dipole dark matter effect on the Sun

Constraint on Light Dipole Dark Matter from 4
Helioseismology”, Lopes, Kadota & Silk ,
ApJ Letters 2014) ol
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Helioseismology: The dipole interaction can lead to a sizable DM scattering cross section even for light DM, and
asymmetric DM can lead to a large DM number density in the Sun. We find that solar model precision tests, using as
diagnostic the sound speed profile obtained from helioseismology data, exclude dipolar DM particles with a mass
larger than 4.3 GeV and magnetic dipole moment larger than 1.6 x 10~ e cm.
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Prediction: asymmetric dark matter effect on the Sun

THE ASTROPHYSICAL JOURNAL, 795:162 (11pp), 2014 November 10
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Helioseismology: DM particles with a mass of 10 GeV and a long—-range interaction with ordinary
matter mediated by a very light mediator (below roughly a few MeV), can have an impact on the Sun’s
sound speed profile without violating the constraints coming from direct DM searches.
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Prediction: asymmetric dark matter effect on the Sun

10

(A. Vincent et. al., PRL 2015)

Asymmetric dark matter coupling to nucleons. Agreement with sound speed profiles, neutrino fluxes, small frequency
separations, surface helium abundances, and convective zone depths for a number of models. The best solat model
correspond to a dark matter particle with a mass 3 GeV and reference dark matter-nucleon cross-section (10737 cm? at

qo = 40 MeV).
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Prediction: asymmetric dark matter effect on the Sun
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Helioseismology: DM particles with a mass of 10 GeV and a long—range interaction with ordinary
matter mediated by a very light mediator (below roughly a few MeV), can have an impact on the
Sun’s sound speed profile without violating the constraints coming from direct DM searches.

Prediction: Solar models for which the DM particles have a mass of 10 GeV and the mediator a
mass smaller than 1 MeV, improve the agreement with helioseismic data.
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