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Present limits and detections
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What happens

Wimp scatters in star, looses energy resulting in bound orbit
passing through the star.

Repeated collisions in star result in wimp thermalization in core.

Wimp abundance builds up with time until capture rate balanced
by annihilation rate.

Asymmetric wimps have suppressed annihilation

Large mean-free-path of wimps efficiently conducts heat from
center of star to outer regions
⇒Lower central temperature

solves “solar neutrino problem”
⇒Reduced dT/dr prevents central convection (M ∼ 1.3M�)
⇒modified pressure wave frequencies
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Symmetric and asymmetric Dark Matter

symmetric dark matter (nχ = n̄χ)
nrelic ∝ 1/σannihilation

⇒ low mass wimps have small abundances
Example: symmetric e+e−: n/nγ ∼ 10−16

σe+e−→γγ ∼ α2/m2
e

asymmetric darkmetter (nχ 6= n̄χ)
nrelic determined by (n − n̄)/nγ

Example: asymmetric e+e−: n/nγ ∼ 10−10

⇒ Low-mass wimps might be asymmetric
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Low-mass wimps

Jim Rich (IRFU) Stellar convective cores as dark matter probes (Casanellas, Brandao, Lebreton, arXiv:1505.01362; Phys.Rev. accepted)May 2015 9 / 17



Stellar acoustic vibrations

Fundamental frequency: ν ∼ cs/R
c2
s ∼ kT/〈m〉

Sun: kT ∼keV; m ∼1GeV ⇒ cs ∼ 10−3c
R� = 7× 108m
⇒ ν� ∼ 0.4mHz

modes: Y`m(θ, φ)Rn(r)e iν(n,`)t/2π

Sun: Doppler imaging of solar surface⇒ many modes
Stars: low-` modes seen in CoRoT and Kepler lightcurves (flux vs.
time)
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Stellar acoustic vibrations

Y`m(θ, φ)Rn(r)e iνt/2π: νn` depends mostly on n + `/2:
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⇒ νn` − νn−1 `+2 sensitive to sound velocity gradient near center.
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Observable modes have n + `/2 ∼ 20, ` = 0, 1, 2
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νn` combinations sensitive to convective core

r010 = {r01(n), r10(n), r01(n + 1), r10(n + 1), ...} , (4)

where:

r01(n) =
(νn−1,0 − 4νn−1,1 + 6νn,0 − 4νn,1 + νn+1,0)

8 (νn,1 − νn−1,1)
, (5)

r10(n) =
−(νn−1,1 − 4νn,0 + 6νn,1 − 4νn+1,0 + νn+1,1)

8 (νn+1,0 − νn,0)
. (6)

The frequency derivative of r010 may be used to diagnose the
presence or the absence of a convective core in the star
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Four models

mχ σχ Experiment
( GeV ) ( cm2 )

DM model 1 7 10−40 DAMA+CDMS+CoGeNT 1

DM model 2 13 10−36 DAMA2

DM model 3 8 10−33 CoGeNT2

DM model 4 10 10−32 CDMS-Si2

Table: Characteristics of the models of dark matter particles tested in this
work.

1interpreted in terms of SI WIMP-nucleon interactions [2014PDU.....5....1A]
2interpreted in term s of SD WIMP-proton interactions

[2013PhRvD..88e6003B]
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Profiles with and without Model 3 wimps

wimp transport lowers T (r ∼ 0)

and dT/dr(r ∼ 0)

Hydrogen fraction:
Convection ⇒ d〈m〉/dr(r ∼ 0) ∼ 0

c2 ∝ T/〈m〉
For r < 0.06:
d〈m〉/dr < 0 ⇒ dc/dr > 0
dT/dr < 0 ⇒ dc/dr < 0
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Model 3 has no convective core

Distribution of the radii of the convective core, Rcc, in all the
computed models that reproduce the observations of the star
Dushera, The shapes of the distributions (violin plots) show the
probability density...... The yellow area shows the range of the Rcc

inferred for Dushera in [2013ApJ...769..141S].
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Model 3 excluded by seismology

Distribution of the asteroseismic parameter |S{∆ν r010}| in all the
computed models that reproduce the observations of the star
Dushera, The shapes of the distributions (violin plots) show the
probability density. The yellow area shows the value of |S{∆ν r010}|
calculated from the observed frequencies with its uncertainty.
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Four models

mχ σχ Experiment
( GeV ) ( cm2 )

DM model 1 7 10−40 DAMA+CDMS+CoGeNT
DM model 2 13 10−36 DAMA
DM model 3 8 10−33 CoGeNT
DM model 4 10 10−32 CDMS-Si

Models 1 and 2: low σ ⇒ low capture rate

Model 4: Wimp mean-free-path small ⇒thermal structure not
modified

Model 3: Convection destroyed by wimp thermal conduction.
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