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R ecent 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

reporton progressin sim ulating the e�ects ofW IM P capture and annihilation

upon stellar structure and evolution near superm assive black holes,using the

new D arkStars code.Prelim inary results indicate that low-m ass stars are the

m ost inuenced by W IM P annihilation, which could have consequences for

upcom ing observationalprogram s.
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W IM P burners

O ur current understanding of cosm ology is that over 20% of the m ass-

energy in theuniverseisin theform of‘dark m atter’,1{3 thecom position of

which rem ainsunknown.O ne prom ising group ofdark m atter candidates

are weakly interacting m assive particles(W IM Ps),attractive because the

m asses and couplings associated with the weak scale naturally lead to a

relicabundanceofdark m atterconsistentwith present-day observations.

W IM Psshould possesasm allbutnon-zeroweakscatteringcross-section

with standard m odel particles. This m eans that they could scatter o�

atom icnucleiin stars,becom egravitationallycaptured and eventually con-

gregate in stellarcores.W IM P accretion by starshasbeen studied exten-

sively,4{7 typically with a view to observing neutrinosproduced by W IM P

self-annihilation in thecoreoftheSun.O thershaveconsidered thein uence

oflargerconcentrationsofW IM Ps upon the structure ofthe stars them -
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selves,focusing on conductiveenergy transport8{12 and energy production

by annihilations.13{15

W e provide prelim inary results from sim ulations of the in uence of

W IM P capture and annihilation upon m ain sequence stars,using the evo-

lutionary code DarkStars.W e have also presented resultsobtained with a

sim plerstatic stellarstructure code,16 using som e resultspresented herein

forcom parison.DarkStarsisbuiltupon thestellarevolution packageEZ,17

derived from Eggleton’sstars code,18{20 and a generalised version ofthe

captureroutinesin DarkSUSY,21 which arebased upon thecaptureexpres-

sionsofG ould.7 The code includesa detailed treatm entofconductive en-

ergy transportby W IM Ps,using theexpressionsofG ould & Ra� elt22 with

correction factorsderived from theiraccom panying num ericalsolutionsto

theBoltzm ann equation.23 TheW IM P radialdistribution isallowed to de-

viate from a strictly isotherm alG aussian in a m annerconsistentwith the

treatm entoftheconductiveenergytransport.DarkStars,itstheoreticalun-

derpinningsand application to a range ofdi� erentstarswillbe described

in fullin a com ing publication.24

W e focuson conditionsobtained nearsuperm assive black holes,where

thehighestam bientdarkm atterdensitiesareexpected tobefound.25,26 W e

usethem axim alvaluesofboth thespin-dependent27 (10� 38 cm 2)and spin-

independent28 (10� 44 cm 2)W IM P-nucleon cross-sectionscurrently allowed

by directand indirectdetection experim ents,and assum ea100G eV W IM P

m ass.Theannihilationcross-sectionissetto3� 10� 26 cm 3 s� 1,asdem anded

by relic abundance considerations.3 Forsim plicity we currently work with

dark m atter halo param eters for the Sun,assum ing a G aussian W IM P

velocity distribution ofwidth 270km s� 1 and a stellar proper m otion of

220km s� 1 relativeto thehalo.W eassum ea m etallicity ofZ = 0:02,which

isin the vicinity ofthe Sun’s.29

G iven a large,constant am bient W IM P density,capture and annihi-

lation quickly equilibrate inside stars,such that annihilation provides a

roughly constantsourceofadditionalenergy.Beacuse the W IM Pscongre-

gate very close to the stellar centre,this energy is produced in a m uch

sm aller region than that from nuclear burning.The initial,concentrated,

rapid injection ofenergy raisesthelum inosity gradientin thecoreofa star,

steepeningthetem peraturegradientand prom ptingthecreationofacentral

convection zone(ortherapid expansion oftheexisting one).Theincreased

e� ciency ofenergy transportcausesthecoretocooland expand,increasing

the stellarradiusand decreasing surface tem perature and centraldensity.

The top panelofFig.1 shows the evolution ofa 1.0M � W IM P burner
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Fig.1. The path followed in the H R (top) and centralequation ofstate (bottom ) dia-

gram sby a1.0M � star,evolved for100M yrin a 1010 G eV cm � 3 W IM P halo.Thedashed

lines indicate the zero age m ain sequence, which de�nes the boundary for hydrogen-

burning in the lowerplot(to the leftofthe line,hydrogen fusion cannotoccur).The red

points indicate the starting (0) and �nal(1) positions.

in the HR diagram asitadjuststo the presence ofthe extra energy in its

core from W IM P annihilations.The lowerpanelshowsthe corresponding
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Fig.2. The positions in the H R diagram at which m ain sequence stars stabilise when

em bedded in W IM P halosof107 {5� 1010 G eV cm � 3.Pointsclosesttothem ain sequence

are those com puted with 107 G eV cm � 3 halos.For every m ass shown,points are given

over the entire range ofW IM P densities,but not necessarily with the sam e resolution

(e.g.m ore points were com puted in the 2.0M � case).

changesin the centralequation ofstate (tem perature and density)during

thisprocess.Nuclearburning eventually switcheso� asthecentraltem per-

ature and density becom e too low to supportit,leaving W IM Psto power

the staralone.

The surface cooling broughtabout by the star’s expansion allows H �

ions to survive to increasing depths,with the resulting opacity increase

causing the surface convection zone to expand. If enough W IM Ps are

present,theexpandingsurfaceand coreconvection zoneswillm eet.Thisre-

sultsin afullyconvectivestarwith atotallum inositywhich risesonceagain,

asthefurtherenhancem entin energy transportallowstheenergy reaching

thesurfaceto outstrip thatpowering theoverallexpansion.Figure2 shows

the location in the HR diagram ofm ain sequence starsofvariousm asses

in di� ering am bientdark m atterdensitiesfrom 107 { 5� 1010 G eV cm � 3,
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afterhaving com pletely adjusted to the e� ectsofthe W IM Ps.The change

in direction ofthe‘tracks’approxim ately correspondsto thepointatwhich

nuclearburning turnso� entirely,thestarbecom esfully convectiveand its

lum inosity undergoessom eincreaseafterthe initialdecrease.

Thee� ectsofW IM Psupon m ain sequencestarsarem ostpronounced at

low stellarm asses,sim ply because the energy from nuclearburning scales

asroughly thethird orfourth powerofM ,whereastheW IM P capturerate

is alm ostlinear in M .Since W IM Ps are in principle an eternalsource of

energy,W IM P burnerswillshine and occupy the sam eposition in the HR

diagram inde� nitely.(Afterbeing evolved fora further30G yrbeyond what

we show here,the starin Fig.1 wasvirtually indistinguishable from itself

at age 100M yr.) This suggests that m ain sequence W IM P burners could

be found by exam ining regions where stars cannot have form ed recently,

looking forpopulationswherelowerm assstarsappearoddly youngerthan

higherm assones.W hilstthestarswedescribearefartoo coolto solvethe

‘paradox ofyouth’reported atthecentresofM 31 and ourown galaxy,30,31

som eoftheexplanationsforthisparadox dem and thepresenceofa fainter,

as-yetunobserved population oflower-m assstars.Ifm ain sequenceW IM P

burners exist anywhere,such stars would be prim e exam ples.Since up-

com ing observations ofthe galactic centre willsoon reach the sensitivity

required to detectsuch a population,discovery ofW IM P burnersm ightbe

justaround the corner.
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