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Dark matter halo coresin hierarchical clustering theories
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Abstract. In hierarchicalclusteringtheories smallermassegenerallycollapseearlierthanlarger
massesandso aredenseron the average. The core of a small masshalo could be denseenoughto

resistdisruptionandsurvive undigestedwhenit getsincorporatednto abiggerobject,anddetermine
thehalostructurein theinnerregions. We examinein thistalk the possibleconsequencesf thisidea
in determiningthe structureof dark halo cores,by consideringpoth simplescalingagumentsand
anovel fluid approactto self-similarcollapsesolutionsfor the darkmatterphasespacedensity
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1. Intr oduction

Much of the earlywork on the structureof dark matterhalosof galaxies,concentratean
their densityprofilesin the outerregions,especiallyin the context of understandingheflat
rotationcurvesof disk galaxies.The natureof the densityprofilesof dark matterhalos,in
theirinnerregions,is alsoimportantfrom severalpointsof view. Thestructureof darkhalo
coresdeterminesheefficiency of gravitationallensingby thegalacticandclusterhalos the
X-ray emissvity of clustersandtherotationcurvesof galaxiesin theinnerregions. These
propertiescan be well probedby obsenations. So, if the core density profiles of dark
halos,dependon featuresof structureformationmodels like theirinitial power spectrum,
onewould have ausefulobsenationalhandleon suchfeatureslt is thereforeof interestto
understandabinitio, whatdetermineghe structureof dark matterhalosandtheir cores.

Further Navarro, Frenkand White (NFW) have proposedrom their N-body simula-
tions,thatdarkmatterhalosin hierarchicaklusteringscenarioslevelopauniversaldensity
profile, regardlesf the scenaridfor structureformationor cosmology{1-3]. The NFW
profile hasaninnercusypy form with thedensityp o< »—! andanouterervelopeof theform
p o r~3. Theredoesnotappeato beary reasonapriori, why halodensityprofilesshould
prefersuchaform. Recently higherresolutionsimulationsof galacticandclusterhalofor-
mationin aCDM model,by Mooreetal [4,5], yieldeda coredensityprofile p(r) oc 714,
shallaver thanr—2, but steepethanthe r—! form preferredby NFW. It is importantto
understandheseresultsaswell on generatheoreticalgrounds.We summariséneresome
of ourrecentwork, to understandhe structureof darkhalocores[6].
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2. Processesvhich could setthe halo density profile

Let us consideran Einsteinde-Sitteruniverse,with = 1. Also assumehatthe Fourier
spacepower spectrunof densityfluctuationds apowerlaw, P(k) = Ak™, wherethespec-
tralindex n liesbetweerthelimits —3 < n < 1. In this casestructuregrows hierarchically
with smallscaleggoing non-linearfirst andlargerandlarger massscalesgoingnon-linear
at progressiely latertimes. Whatwould decidethe densityprofile of adarkmatterhaloin
sucha cosmologicaketting?

Firstly, whensomemassscaledecoupledrom the generalHubble expansionand col-
lapsesn aninhomogeneouashionto form a darkmatterhalo, the changinggravitational
potentialand phasemixing will causesomeamountof relaxationor ‘virialisation’ to oc-
cur. Generalkonstrainton the equilibrium propertiesof sucha halowill be setby enegy
and massconseration togetherwith scalinglaws which obtainin a hierarchicalcluster
ing scenario. Further in the cosmologicalcontext, a collapsedmassis not isolatedand
will thereforecontinueto accretesurroundingmaterial. Sucha secondarynfall onto the
collapsedhalowill alter/determindts structurein the outerregions.

We emphasizérereathird processWhenary massscalecollapsesin ahierarchicathe-
ory, it will alreadycontainadominantsmallermassdarkhalowhichwould have collapsed
earlier andis thereforedenseontheaverage.lt is possiblethatthe coreof sucha smaller
masshalo, is denseenoughto resistdisruptionby tidal forces,and survive undigested,
whenit getsincorporatednto the biggerobject. A nestedsequencef undigestectores
in the centerof the halo, which have survivedthe hierarchicainhomogeneousollapseto
form largerandlarger objects,could determinethe inner densityprofile of the halo. We
illustratethisideaschematicallyn figure 1.

CORE ENVELOPE
PROFILE

log(density)

STEEPER OUTER
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log(radius)

Figure 1. Schematidllustration of how the densityprofile of a large halo core could
ariseasanernvelopeof the densityprofilesof undigesteaoresof smallermasshalos.
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Structue of dark matterhalo cores

Supposeignoring the detailedeffect of undigestedtoresor secondarynfall, a halo of
massM collapsesto form a ‘virialised’ objectwith somecharacteristidensity p, and
coreradiusr.. For P(k) « k", simplestandardscalingagumentsusinglineartheory(cf.
[7-9]), predictthat pg andr,, scalewith M as

po(M) o M—(n+3)/2; ro(M) o M(n+5)/6; po o Tc—(9+3n)/(5+n)_ 1)

So, in the above sequentiakollapseto form larger and larger objects,the undigested
core of eachmemberof the sequencetypically contributesa density po at a scaler.,
satisfyingtherelationpy, = clrc_(9+3")/(5+n), with someconstantc;. This suggestshat
the inner densityprofile of the bigger halo, which is the ervelopeof the profiles of the

nestedsequencef smallermasscores,could have theform

(r) cr—® a=aq _ 9F3n
P ’ T 54

(2)

It isintriguingthatthesameform for thedensityprofile (asagainsthecorrelationfunction)
is alsoarguedfor by Peeblegref. [7]; §26). In a paperwhich appearedluringthe course
of ourwork, SyerandWhite [10] motivatethe samedensityprofile law asa fixed point of
meigers for the casewhenbiggerhalosform by purely memersof smallerhalos.

Onecanalsostatetheabove agumentin termsof thevelocity dispersioror therotation
velocity profiles. The typical velocity dispersionof a collapsedhalo o o« (M /r.)'/2.
Sincethe scalingargumentgivesr, oc M(+5)/6 we have o o r:~™/G+™  Sofor ary
n < 1, smallermassobjectshave a smallervelocity dispersionthanlarger massobjects.
The survival of a nestedsequencef coresduring the inhomogeneousollapseto form
bigger and bigger objects, then suggestghat the velocity dispersionprofile in the core
regionswill scaleaso?(r) o #(!=7)/(+n)  For ary n < 1, an alternatesignatureof
undigesteatoresis thenavelocity dispersiorwhichincreasesvith increasingadiusin the
above fashion. It is interestingto notein this contet that, the clusterscalehalo corein
theMooreetal simulation[4], doesindeedshav suchavelocity dispersiomprofile, with o
increasingwith increasing: (Moore, privatecommunication).

Although scalinglaws suggespossibleforms for the coredensity andvelocity disper
sionprofiles,dynamicalconstraintsnaynotalwaysallow theseformsto obtain. To explore
this dynamicalissuefurther, we have looked[6] ata simpletractablemodel:thespherical,
self similar collapse of darkmatterdensityperturbationsin aflat universe.

3. Selfsimilar collapseand halo density profiles: A fluid approach

Considetthecollapseof asinglesphericallysymmetricdensityperturbationin aflat back-
grounduniverse. Supposehe initial, averageexcessdensitycontrastof anoverdensee-
gion, is a pawer law in radius. Thenthereis no specialscalein the problemeitherfrom
initial conditionsor cosmology We expectto be ableto describethe further evolution of
sucha densityperturbationthrougha self similar solution. Fillmore andGoldriech(FG)
[12] and Bertschinger(B85) [11], looked at purely radial self similar collapseby solv-
ing for the self similar particletrajectory We adopta differentapproacthere,examining
directly the evolution of thedistribution function of the dark matter
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3.1 Theselfsimilar solution

The evolution of dark matter phasespacedensity f(r,v,t) is governedby the Vlasov
equation,

of of of _
wherer andv = r arethe properco-ordinateand velocity of the particlesrespectiely.
Also theacceleratiora = v = —V®, with

0, 3)

V2® = 4nGp = 471'G/fd3v. 4)

By directsubstitution|t is easyto verify thattheseequationsadmitself similar solutions
of theform

r v

_ —31—q—2p _
f(r,v,t) = kok 3t F (kltp, P

); p=q+1 ®)
wherek;, ko areconstantsvhich we will fix to corvenientvaluesbelov. We have used
properco-ordinatedieresincethefinal equilibriumhalois mostsimply describedn these
co-ordinates(Thesamesolutionin co-moving co-ordinatess givenin [13]).
Considettheevolution of asphericallysymmetricdensityperturbationjn aflat universe
whosescalefactora(t) oc t2/3. For self similar evolution, the densityis givenby

plr,1) = / fdv == kyt™? / Fly, w)dw = kyt=2(y) (6)

wherewe have definedscaledco-ordinatesy = r/k1t?, w = v/kit?, andr = |r|, y =
|y|. We have alsousedtherelationp = ¢ + 1. For theflat universe the backgroundnatter
densityevolvesas p,(t) = 1/(6wGt?). Sothe densitycontrastp(r,t)/ps(t) = ¥ (y),
wherewetake ky = 1/(67G).

3.2 Linearandnon-linearlimits

Let the initial excessdensity contrastaveragedover a sphereof co-moving radiusz =

r/a(t) o rt—2/3 beapowerlaw §(z,t;) oc 2~3¢. Sincep/py is afunctionof y alone,the
5(x,t) will alsobe a functiononly of y. Notethat,in the linear regime, it is the excess
densitycontrastaveragedover a co-maving sphere which grows asthe scalefactora(t).

Soonecanwrite for thelinearevolution of the sphericalperturbation

S(T, t) — 50.’12'_36t2/3 o 50r73et2/3+2e o 50y73et73ep+2/3+267 (7)

wherewe have substituted o« yt?. This canbeafunctionof y alone,for arangeof ¢ in
thelinearregimeiff —3ep + 2/3 + 2e = 0, which gives

2 + 6¢

P=—g (8)
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Structue of dark matterhalo cores

We seethatoncetheinitial densityprofile is specifiedheexponents, ¢ of theself similar
solutionarecompletelydetermined (For aninitial §(x, ;) oc 3¢, theradiusof theshell
turningaroundattimet, r;(t) o t?. Soanaturalway of fixing theconstant; is by taking
k1t? = ri(t), andy = r/r(t). Wewill dothisin whatfollows.)

Considemow whathappensn the non-linearlimit. The zerothmomentof the Vlasov
equationgives

% Ve (o) =0. (9)

Herev = (v) is themeanvelocity. (Henceforthboth{ ) or abaroveravariabledenotesa
normalisednomentover f). In regionswhich have hadalargeamountof shellcrossingsit
seem®plausibleto demandhatthe halo particleshave settledto nearlyzeroaveragenfall
velocity, thatis v, = 0. (They could of coursestill have velocity dispersions)From(9) ,
we thenhave (9p/0t) = 0, in thenon-linearegime. In this regimetherefore,

1) = () = H") = —0(0). (10

This functional equationhasonly power law solution, becauseof the power law depen-
denceson t. SubstitutingH(r) = hor—¢ into eq. (10), andusingr o« yt?, we get
y~%t7P* o« t~2D(y). This canonly be satisfiedfor rangeof ¢ in the non-linearregime
providedpa = 2. So, for aninitial densityprofile with a power law slope3e, the power
law slopeof the densityin the non-linearregimeis givenby,
2 9e

Oé_p_?ns—l-l' (11)
This resulthasbeenobtainedby following the self similar particletrajectory by B85 (for
e = 1), andFGfor 2/3 < e < 1. We seethatit canbe simply obtainedby just combining
the self-similarsolution f andthe staticcore condition. (Obtainingthe B85/FGresultin
this way hasbeenindependentlynotedearlierby Padmanabhagprivate communication,
unpublishechotes1994))

What shouldwe choosefor the valueof €? For a power law P(k) « k™, thefractional
densitycontrastveragedveraco-moving sphereof radiusz, is distributedasa Gaussian,
with a varianceo(z) oc z~(3+7)/2, This suggests ‘typical’ sphericallyaveragednitial
densitylaw for a halo collapsingarounda randomlyplacedpoint of the form 6(z, ¢;) o
= G+n)/2 ‘or3e = (3 +n)/2. Supposeve usethis valueof e for theinitial densityprofile
of a halo. Thenthe halodensityin the staticcoreregionswill be p(r,t) « r—%, where,
substituting3e = (3 +n)/2ineq.(11)

_ 94 3n
‘== +n’
Remarkablythis is the samelaw we derived earlierfor the core of a collapsedhalo, as-
sumingthatthecoresof sequencef sub-halosreleft undigestedduringtheformationof
thebiggerhalo. Notethatfor n < 1 thedensitylaw givenby (12)is shalloverthan1/r2.
FG alsoshaved thata power law slopeshallover than1/r2, cannotobtainfor purely
radial collapse And thatwhile the above form for o shouldobtainfor 2/3 < e < 1, for
€ < 2/3, onegoesto thelimiting valuea = 2. However, thisis only truefor purelyradial
trajectorieqcf. [14,15]). We seebelow, by consideringhe highermomentsof the Vlasov
equationthata < 2 canonly obtainif the systemhasnon-radialvelocity dispersions.

(12)
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3.3 Jeansandenegy equations

Supposeave multiply the Vlasov equatiorby thecomponent®f v andintegrateoverall v.
Assumethereis no meanrotationto thehalo, thatis 7y = 0 andg = 0. Thenwe get

d(pv,) +8(p53) 4

P GM(r)p
ot or r

r2

hS

(202 — vj — v3) + =0. (13)

vp = U3 (14)

Here M (r) is themasscontainedn asphereof radiusr.

Let usconsideragaina staticcorewith v, = 0. The Jeansquationgivestwo equations
for thethreeunknawn velocity dispersionsevenfor astaticcore. To seef onecanclosethe
systemwe canlook atthe secondnomentof the Vlasor equation(the enegy equations).
However thesewill involve the third momentsor the peculiarvelocity skewness. Some
form of closurehypothesidss neededn afluid treatmenbf the Vlasos equation.For this
we proceedasfollows: Onecanfirstly assumehatinitially thetangentialvelocitieshave
zeroskewness.Thenin purelysphericallysymmetricevolutionthey would notdevelopary
skewnessthatis 5} = o3 = (vgv}) = 0 for all times. Also if theinitial velocity ellipsoid
hadoneof its principle axis pointing radially, we do not expectthis axisto becomemis-
alignedin purely sphericalevolution. This meanswe canassumev,vZ) = 4,0%. Under
theseassumptionsandtaking the staticcoreconditiona, = 0, we get, (9(p©7)/0t) = 0
or pv; = K (r) independenof ¢. For the self-similarsolutionwe thenhave

ptp = K(r) = K(yt?) = kgkft4q_2p/w§F(y,w)d3w. (15)

Onceagainsubstitutinga pawer law solution K (r) = Kyr?, to this functionalequation,
we get the constraintfrom matchingpower of ¢ on both sides,ps = 4¢ — 2p. Using
p=gq+1,wethengets = 2 —4/p = 2 — 2a, andso

pvy = Kor?=22. (16)

Integrating the radial momentumequationusing eqs (13), (14), (16) andusingp =
hor~%, we have

2 2 K() 47TG]'L0
=T [(2—a)h0 _2(2—a)(3—a)]
=0 i ) vy (r) — Gj‘jr (T)] : (17)

Severalimportantpointsareto be notedfrom the above equation. A crucial oneis that,
whena < 2, the RHS of eq. (17) canremain positive, provided one hasa non zero
tangentialvelocity dispersions.If one hasa purely sphericallysymmetriccollapseand
zerotangentialvelocities,thenthe densitylaw cannotbecomeshallaver thana = 2 and
maintaina static corewith o, = 0. This agreeswith FG. In factfor ary o < 2, one
needstangentialvelocity dispersiongo be at leastas large as GM /2r, comparableto
the gravitational potentialenegy perunit mass.Further onecanseethatto obtainstatic
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Structue of dark matterhalo cores

coreswith a < 1, therequiredtangentialdispersionshave to be necessarilytarger than
the radial velocity dispersions.Also notethatfor o < 2, all the component®f velocity
dispersionslecreasavith decreasingadius,assuggestetby the simplescalingarguments
of the previoussection.

Note that for a static core #2 shouldalso be independenbf ¢. However the enegy
equatiorfor 9(pv?)/0t, shavsthatatime independentadialvelocity dispersioncanonly
obtainif theradialvelocity skewness((v, — ©,)%) is alsozero. In the coreregionswhere
large amountsof shell crossinghasoccurred,one canassumehat a quasi‘equilibrium’
stateobtains wherebyall odd momentsof thedistribution function,over (v — ¥), maybe
neglected.Suchatreatmentill correspondo consideringa fluid like limit to the Vlasov
equation.

However, the radial skewnesswill becomeimportantnearthe radius,whereinfalling
mattermeetsthe outermostre-expandingshell of matter This region will appearike a
shockfrontin thefluid limit. A possiblereatmenbf thefull problemin thefluid approach
to the Vlasor equationthensuggeststself. Thisis to take the radial skewnessto be zero
both inside and outsidea ‘shock or caustic’ radius,whoselocationis to be determined
asaneigervalue,so asto matchtheinner coresolutionthatwe determinen this section
with anoutersphericalinfall solution.Onehasto alsomatchvariousquantitiesacrosshis
‘shock’, usingjump conditions derivedfrom theequationghemseles.To dothisrequires
numericalsolution of the self consistentsetof momentequationsto the scaledVlasov
equation.Thedetailsof suchatreatmentaregivenin our paper6]. Herewe summarisea
few of theresults.

4. Numerical solution of the momentequations

We write the scaledVlasov equationin sphericalco-ordinatesand take moments. We
defineV = w,, T = ((w, — w,)’) andX = w; = wj}. We alsosetthe tangential
velocity skewnessto zero. As explainedabove, we take the radial skewnessto be zero
both inside and outsidea ‘shock or caustic’radius. The shocklocation,sayy = s, IS
determinedhsaneigervalue,to thecompleteproblem,of matchingtheinnercore-solution
to an outer sphericalinfall solution, and by requiring the solutionsto satisfy the inner
boundaryconditions

V=M=0 y=0. (18)

We matchthesolutionsacrossy = y, by specifyingthejump conditionsaty = y,, derved
from the momentequations.

Notethatbothradialandtangentialelocity dispersionarelik ely to begenerateduring
the inhomogeneousollapseto form the halo. Soit is naturalto take the initial, pre-
collapseyelocitydispersionso besmall. Radialvelocity dispersionsvill beautomatically
generatedgvenif initially zero,whensphericallycollapsingshellsstartto crossexpanding
shells;thatis wheretheradial skewnesss important.Onthe otherhand,in any spherically
symmetricsystem,tangentialvelocitieshave to be necessarilyintroducedin an ad-hoc
fashion.Sinceall the component®f the velocity dispersionareexpectedto be generated
together the shockgivesa naturallocationto introducea tangentialvelocity dispersion.
We have donethis in mostof the numericalexamples. The solutionsare thereforealso
describedby a parameteX(ys) = X». We discusshelow a few typical examplesof our
numericalintegration.
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4.1 Collapseontoanexcesspointmasse = 1

First considerthe self-similar sphericalinfall onto a point mass,by adoptinge = 1 and
¥, = 0. This problemwassolved by B85 and FG by examiningthe self similar parti-
cle trajectory andallows us to ‘benchmark’the fluid approach.We find the eigervalue
ys = 0.4628 for theabove parametersB85 solvingthe problemby looking at particletra-
jectoriesgot the locationof the outermostausticasy, = 0.364. This differencebetween
our work and B85 could be becauseave have replaceda smoothtransitionregion for the
collisionlessfluid, wherevelocity skewnessis important,by a discontinuoushock. B85
foundthatthe scaleddensitycould be fitted asymptoticallyby a form «(y) ~ 2.79y /4
whenthey adopteda minimumy = y,, ~ 0.02 for the particletrajectory We caninte-
grateour equationsand get corvergedsolutionssatisfyingthe boundaryconditionsupto
Ym ~ 2 x 101, Wefind thaty(y) = ¢y~ 94 ~ 3.1y %% aty,,, while aty ~ 2 x 102
we find ¢y & 2.5. Thesenumbersbraclet the asymptoticvalueof ¢ ~ 2.79 obtainedin
B85. Sothereis fairly goodagreemenbetweenour work andB85, giventhe differences
in thevalueof y,,, andthevery differentapproaches.

4.2 € < 2/3 andtheimportanceof tangential dispesions

We alsoconsidersolutionsfor initial densityprofiles,with &(r, ¢;) shallover thanr—2, or
€ < 2/3. In this casejf the collapsewere purelyradial, FG shavedthatthe final density
profile approaches 1/r? form. We find, as expected,that the natureof the solutions,
depend®ntheratio of tangentiako radial velocity dispersions.

In figure 2, we shaw the solutionfor the casee = 0.4, ¥ = ¥9y2~* = 0.94. For
this solution,the valueof y; = 0.4955. We show bothlog(II(y) (solidline) andlog(%(y)
(dashedine) in thesameplot, sothatthey canbeeasilycomparedFromfigure2, onesees
that tangentialvelocity dispersiongor this solutionis everywherelarger thanthe radial
dispersionspy afactor~ 1.3. ( (/I)'/? ~ 1.3). Fore = 0.4, anda staticcore, we
expectthe scaleddensityto have theasymptoticbehaiour ¢ (y) o< y~*, with o = 18/11.
This is plotted asa dashedine in the ¢ — y plot of figure 2. We seefrom comparing
the solid and dashedines, in this plot, that the densityindeedhas suchan asymptotic
behaviour. Also the velocity dispersionsandrotation velocitiesincreasewith increasing
radius,asthe analytictheory of § 3 predicts. This caseillustratesthatit is possibleto
obtainsolutionsfor e < 2/3, whichhave a = 9¢/(1 + 3¢) < 2, provided the tangential
velocity dispersionsrelarge enough.

To llustratetheeffect of decreasingangentialelocity dispersionswe shaw in figure 3,
the propertiesof a solutionwith e = 0.4, but a smaller¥, = 0.65. Thelocationof the
shockis atys = 0.3797. The coreregionsare nearly staticbut not completelyso. For
this casethe radial velocity dispersionsare everywherelarger thanthe tangentialdisper
sions,by afactor~ 1.15 asy — 0. Oneseesa large differencebetweenthis solution
(figure 3) andthe one obtainedfor larger tangentialvelocity dispersion(figure 2). First
we seethatwhenradial dispersiordominatesthe densityprofile is closerto they oc y—2
form (dashed-dottedine) thanthe ¢y o« y~% form (dashedine), althoughneitherpro-
videsa goodfit. Secondthe velocity dispersionsare reasonablyconstantwith radiusas
y — 0 limit, insteadof increasingwith increasing-adius.We have alsolookedat solutions
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log(M), log(x)
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Figure2. Selfsimilar collapsesolutionfor e = 0.4, $32 = 0.94. Thevelocity V', scaled
densitys) (solid line in the upperright plot), radial velocity dispersiorlI (solid line in
thelower left plot), tangentialvelocity dispersion: (dashedine in thelower left plot)
andcircularvelocity squared/? areplottedagainsthe scaledradiusy. The preshock
sphericalinfall solutionis alsoshawvn. In the -y plot we alsoshav for comparison
the densitylaws ¢ o« r~* (dashedine) with @ = 9¢/(1 + 3¢) andy « r~2 (dashed
-dottedline).

with smallervaluesof e, andalsoexampleswherethe tangentialvelocity dispersionsre
introducedattheturnaroundradius(y = 1) ratherthanattheshock.Theseexamplesshov
very similar behaiour to the solutionsdiscussedbove (figures2 and3).

Our numericalsolutionsshowv the importanceof tangentialvelocity dispersionsin de-
cidingwhethertheselfsimilarsolution,with e < 2/3 retainsamemoryof theinitial profile
or whetherthedensityprofile tendsto auniversall /r? form. For alargeenoughs /T1 > 1,
the coredensityprofile is indeedcloseto the form p oc =%, with & = 9¢/(1 + 3¢). For
¥ /II ~ 1, somememoryof theinitial densityprofile is alwaysretained.The coredensity
profile is curved, steepethanp « r~ form expectedfor staticcores,but shallover than
1/r2. WhenX/II << 1, the densityprofile goesover to the 1/r? form derived by FG.
Alsofor e < 1/6, onemustnecessariljhave atangentiadispersiormuchlargerthanradial
dispersiono geta staticcoreregion, with a < 1. Thesedifferencedrom the staticcore
results,arisebecausehe boundaryconditionadoptedn the numericalsolution,correctly
assumesnly o,.(0) = 0 attheorigin, andnot@,.(r) = 0 for arangeof radii neartheorigin
(aswould berequiredfor a staticcore).
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Figure 3. Selfsimilar collapsesolutionfor € = 0.4, £, = 0.65. Thevariousquantities
shavn aresameasin figure 2.

5. Discussionand conclusions

We have considerederethe structureof the coresof dark halosin hierarchicaklustering
theoriesof galaxyformation. In suchtheories,it is very likely that coresof dark matter
halosharborundigesteckarliergeneratiormaterial. Their densitystructurejn physicalas
well asphasespacewill reflectthe timesandthe cosmologicaldensitieswhenthe core
materialwasgathered.

In aflat universewith apower spectrumP (k) « k™, aconsequencef undigesteaores,
could be a cusyy coredensityprofile, p(r) x =%, with a, = (9 + 3n)/(5 + n). Or
a velocity dispersionprofile, which riseswith increasingradius. In orderto explore how
andinfactwhether this form will berealizeddynamically we focuson a simpletractable
model: the spherical,self-similar collapseof dark matterdensity perturbationsijn a flat
universe.We have developeda novel fluid approacho studythis problem.

Ourresultsillustratethegenerafeaturesvhich arelik ely to beimportantin determining
thestructureof halocores.If newly collapsingmaterialis constrainedo mostly contribute
to the densityat largerandlargerradii, thenmemoryof initial conditionscanberetained.
The sphericalself-similar collapsesolutions,with a > 2, or the solutionwith o < 2
but a large enoughtangentialdispersion,illustrate this possibility In the more general
casewhennewly collapsingmaterialis ableto occupy similar regionsasthe matterwhich
collapsedearlier the coredensityprofile will only partially reflecta memoryof theinitial
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Structue of dark matterhalo cores

conditions.The solutionswith & < 2 andX/II ~ 1 illustratesthis feature.In eithercase
we do not find ary preferencdor a universaldensityprofile. More detailsof our work,
includingalsoadditionalresultsfrom N-body simulationswill begivenin ref.[6].
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