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Low m ass stellar evolution with W IM P capture and annihilation
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Recent work has indicated that W IM P annihilation in stellar cores has the
potential to contribute signi cantly to a star’s total energy production. W e
report on progress in sim ulating the e ects of W MM P capture and annihilation
upon stellar structure and evolution near supemn assive black holes, using the
new D arkStars code. Prelim inary results indicate that low -m ass stars are the
most in uenced by W IM P annihilation, which could have consequences for
upcom ing observational program s.
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O ur current understanding of coam ology is that over 20% of the m ass—
energy in the universe is in the form of dark m atter’,' {3 the com position of
which rem ains unknown. O ne prom ising group of dark m atter candidates
are weakly interacting m assive particles (W IM P s), attractive because the
m asses and couplings associated w ith the weak scale naturally lead to a
relic abundance of dark m atter consistent w ith present-day observations.
W IM Psshould possesa sn allbut non—zero w eak scattering cross-section
with standard m odel particles. This m eans that they could scatter o
atom ic nuclei in stars, becom e gravitationally captured and eventually con—
gregate in stellar cores.W IM P accretion by stars has been studied exten—
sively,* 7 typically w ith a view to observing neutrinos produced by W IM P
selfanniilation in the core of the Sun.O thershave considered the in uence
of larger concentrations of W M P s upon the structure of the stars them -
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selves, Hcusing on conductive energy transport®{'? and energy production
by annihilations!t3{1®

W e provide prelin lnary results from simulations of the in uence of
W IM P capture and anniilation upon m ain sequence stars, using the evo-
lutionary code D arkStars. W e have also presented results obtained w ith a
sin pler static stellar structure code,'® using som e results presented herein
for com parison . D arkStars is built upon the stellar evolution package EZ 7
derived from Eggleton’s stars code, 8?0
capture routines in D arkSU SY ,** which are based upon the capture expres-
sions of G ould. T he code includes a detailed treatm ent of conductive en-
ergy transport by W IM Ps, using the expressions ofGould & Ra elf? with
correction factors derived from their accom panying num erical solutions to
the Boltzm ann equation 2*> TheW IM P radialdistribution is allow ed to de-
viate from a strictly isothemm alG aussian in a m anner consistent w ith the
treatm ent of the conductive energy transport.D arkStars, its theoreticalun—
derpinnings and application to a range of di erent stars w ill be described
in fi1ll .n a com ing publication 2*

W e focus on conditions obtained near supem assive black holes, where
the highest am bient dark m atter densities are expected to be und 2°2° W e
use them axin alvalues of both the spin-dependent?’ (10 *® an?) and spin-
independent®® (10 **an?)W MM P-nucleon cross-sections currently allowed
by direct and indirect detection experim ents,and assum ea 100GeV W IM P
m ass.T heannihilation cross-section issetto 3 10 “°an®s !,asdem anded

and a generalised version of the

by relic abundance considerations.? For sim plicity we currently work w ith
dark m atter halo param eters for the Sun, assum Ing a Gaussian W IM P
velocity distribbution of width 270km s ' and a stellar proper m otion of
220km s ! relative to thehalo.W e assum e a m etallicity of Z = 0:02,which
is in the vicinity of the Sun’s?’

G ven a large, constant ambient W IM P density, capture and annihi-
lation quickly equilbrate inside stars, such that anniilation provides a
roughly constant source of additional energy. Beacuse the W IM P s congre-
gate very close to the stellar centre, this energy is produced in a much
an aller region than that from nuclear buming. The initial, concentrated,
rapid Infction of energy raises the lum nosity gradient in the core ofa star,
steepening the tem perature gradient and prom pting the creation ofa central
convection zone (or the rapid expansion of the existing one). T he Increased
e clency ofenergy transport causes the core to cooland expand, increasing
the stellar radius and decreasing surface tem perature and central density.
The top panel of Fig. 1 shows the evolution ofa 1.0M W IM P bumer
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T he path followed in the HR (top) and central equation of state (bottom ) dia-
star,evolved for 100M yrina 10'°G eV cm * W M P halo.T hedashed

lines indicate the zero age m ain sequence, which de nes the boundary for hydrogen—
buming in the lower plot (to the left of the line, hydrogen fusion cannot occur). T he red
points indicate the starting (0) and nal (1) positions.

in the HR diagram as it adjusts to the presence of the extra energy in its
core from W IM P annihilations. T he low er panel show s the corresponding
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Fig.2. The positions in the HR diagram at which m ain sequence stars stabilise w hen
em bedded InW M P halosof10’ {5 10'°Gev am 3 .Pointsclosest to them ain sequence
are those com puted w ith 107 GeV am  ® halos. For every m ass shown, points are given
over the entire range of W IM P densities, but not necessarily w ith the sam e resolution
(eg.m ore points were com puted in the 20M  case).

changes in the central equation of state (tem perature and density) during

this process. N uclear buming eventually sw itcheso as the central tem per—
ature and density becom e too low to support it, leaving W IM P s to power

the star alone.

T he surface cooling brought about by the star’s expansion allow s H
Jons to survive to increasing depths, with the resulting opacity increase
causing the surface convection zone to expand. If enough W IM Ps are
present, the expanding surface and core convection zonesw illm eet. T his re—
sults in a fully convective starw ith a totallum inosity w hich risesonce again,
as the further enhancem ent in energy transport allow s the energy reaching
the surface to outstrip that pow ering the overall expansion. F igure 2 show s
the location in the HR diagram ofm ain sequence stars of various m asses
in di ering ambient dark m atter densities from 10 { 5 10*°Gevam 3,
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after having com pletely adjasted to the e ects ofthe W IM Ps. T he change
in direction of the “racks’ approxin ately corresponds to the point at which
nuclear buming tums o entirely, the star becom es fully convective and its
um nosity undergoes som e increase after the Initial decrease.

Thee ectsofW IM Psuponm ain sequence starsarem ost pronounced at
low stellar m asses, sin ply because the energy from nuclear buming scales
as roughly the third or fourth powerofM ,whereastheW IM P capture rate
isalmost Iinear n M .Since W M Ps are In principle an etermal source of
energy, W IM P bumers w ill shine and occupy the sam e position in the HR
diagram inde nitely. (A fter being evolved for a further 30G yr beyond what
we show here, the star In Fig. 1 was virtually indistinguishable from itself
at age 100M yr.) This suggests that m ain sequence W MM P bumers could
be found by exam ining regions where stars cannot have form ed recently,
looking for populations where lIowerm ass stars appear oddly younger than
higherm ass ones.W hilst the stars we describe are far too coolto solve the
‘paradox of youth’ reported at the centres ofM 31 and our own galaxy,°~!
som e of the explanations for this paradox dem and the presence of a ainter,
as-yet unobserved population of low erm ass stars. Ifm ain sequence W IM P
bumers exist anywhere, such stars would be prin e exam ples. Since up-
com Ing observations of the galactic centre will soon reach the sensitivity
required to detect such a population, discovery of W IM P bumersm ight be
Jjust around the comer.
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