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Cold Dark Matter in N-body simulations

THE STRUCTURE OF COLD DARK MATTER HALOS

Joun DusinskT AND R, G, CARLEERG
Department of Astronomy, University of Toronio, Toronto, Ontario, Canada M55 1A
Received 19%) December 26 accepted 1991 March 22

ABSTRACT

The density profiles and shapes of dark halos are studied using the results of N-body simulations of the
gravitational collapse of density peaks. The simulations use from 3 x 10* to 3 x 10° particles, which allow
density profiles and shapes to be well resolved. The core radius of a typical dark halo is found to be no
greater than the softening radius, € = 1.4 kpe. The density profiles can be fitted with an analytical model with

an effective power law which varies between —1 in the center to —4 at large radii. The dark halos have

circular velocity curves which behave like the circular velocity contribution of the dark component of spiral

:..ala}ues inferred frum rotation curve decompositions. The halos are strongly triaxial and very flat, with
'a} 0.71. There are roughly equal numbers of dark halos with oblate and prolate forms.

The l:llstnbut:nn ot ellipticities in projection for dark halos reaches a maximum at € = 0.5, in contrast to the

ellipticity distribution of elliptical galaxies, which peaks at € = 0.2,

Subject headings: dark matter — galaxies: structure — numerical methods

Dubinski & Carlberg (1991)

B g ;
: o log a/kpc
: L Fig. 2—Density profiles of dark halos. Density is in units of the critical
* : . density p_, and the elliptical radius a is in kpe. Thirteen points were used for
; LIgE, : the two-parameter fit of Hernquist's profile for each of the 14 halos. Each set of
* : i : points has been renormalized to the fiducial Hernquist profile, with r, = 28 kpc
; B ; and M_ = 2.1 x 10'? M represented by the solid line. The lines in the upper

right-hand corner present power-law slopes of — 1, — 2, and — 3, respectively.



Cold Dark Matter in N-body simulations
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ABSTRACT
We uze high-resolation N-body simulations to study the sguilibrium density profiles of dark matter
halos in hierarchically chistering universes, We find that all such profiles have the same shape, indepen-
dent of the haloe mass, the initial deneity fuctuation spectrum, and the values of the cosmological param-
eters, Spherically averaged equilibrium profiles are weell fitted over two decades in radine by a simple
formula originally propossd to describe the stmucture of galaxy clusters in a cold dark matter universe,
In any particular cosmology, the two scales parameters of the fit, the halo mass and ite charactenstic
dengity, are strongly correlated. Low-mases halos are eignificantly denszer than more massive systems, a
correlation that reflecte the higher collapes redshift of emall halos, The characteristic denzity of an equi-
librium halo is proportional to the density of the universe at the time it was assembled. A mitable defini-
tion of this assembly time allows the same proportionality constant to be used for all the cosmologies
that we hawe tested. We compare our results with previous work on halo density profiles and show that
there iz good agresment., We also provide a step-by-step analytic procedurs, based on the Press-
Schechter formaliem, that allows accurate equilibrium profiles to be calculated az a function of mass in
any hisrarchical model.
Subject headings: cosmology: theory — dark matter — galaxies; halos — methods: mumerical

Navarro, Frenk & White (NFW)1997
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Data for spiral galaxies
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The cores of dwarf galaxy haloes

& Julio F. Navarro,"** Vincent R. Eke? and Carlos S. Frenk?
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ABSTRACT

We use N-body simulations to examine the effects of mass outflows on the density
profiles of cold dark matter (CDM) haloes surrounding dwarf galaxies. In particular,
we investigate the consequences of supernova-driven winds that expel a large
fraction of the baryonic component from a dwarf galaxy disc after a vigorous episode
of star formation. We show that this sudden loss of mass leads to the formation of
a core in the dark matter density profile, although the original halo is modelled by
a coreless (Hernquist) profile. The core radius thus created is a sensitive function of
the mass and radius of the baryonic disc being blown up. The loss of a disc with mass
and size consistent with primordial nucleosynthesis constraints and angular
momentum considerations imprints a core radius that is only a small fraction of the
original scalelength of the halo. These small perturbations are, however, enough to
reconcile the rotation curves of dwarf irregulars with the density profiles of haloes
formed in the standard CDM scenario.

; ~ | Navarro etal. (1996)

.
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-Blowout of baryons can transform cusp |
into core as halo readjusts.
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4™ How supernova feedback turns dark matter cusps into cores

Andrew Pontzen!?3* Fabio Governato*
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Cuspy No More: How Outflows Affect the Central Dark
Matter and Baryon Distribution in ACDM Galaxies.

F.Governato™ A.Zolotov?, A.Pontzen®, C.Christensen®, S.H.Oh*>®, A. M.Brooks’,
T.Quinn!, S.Shen®, J.Wadsley®
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WHY BARYONS MATTER: THE KINEMATICS OF DWARF SPHEROIDAL SATELLITES

ALYSON M. Brooks', Api ZoLoTov?

(Dated: July 12, 2012)
Submitted for publication in ApJ Letters

ABSTRACT

We use some of the highest resolution cosmological simulations ever produced of Milky Way-mass
galaxies that include both baryons and dark matter to show that baryonic physics (energetic feedback
from supernovae and subsequent tidal stripping) significantly reduces the dark matter mass in the
central regions of luminous satellite galaxies. The reduced central masses of the simulated satellites §
reproduce the observed internal dynamics of Milky Way and M31 satellites as a function of luminosity.
Including baryonic physics in Cold Dark Matter models naturally explains the observed low dark
matter densities in the Milky Way's dwarf spheroidal population. Our simulations therefore resolve

the tension between kinematics predicted in Cold Dark Mater theory and observations of satellites,
without invoking alternative forms of dark matter.

Zolotov et l.
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(Indirect) Evidence for Cores in dSphs

Fornax globular clusters
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Ursa Minor substructure
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Magellan Spectroscopic Observations
w/ Mario Mateo & Ed Olszewski
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Velocity Dispersion Profiles for ‘Classical’ dSphs
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Kinematics with the Jeans Equation
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Two distinct ancient components in the Sculptor Dwarf
Spheroidal Galaxy: First Results from DART!

Eline Tolstoy?, M.J. Irwin®, A. Helmi?, G. Battaglia?, P. Jablonka?, V. Hill*, K.A. Venn®,
M.D. Shetrone®, B. Letarte?, A.A. Cole?, F. Primas’, P. Francois?, N. Arimoto®, K.
Sadakane®, A. Kaufer?, T. Szeifert?, T. Abel'?,
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Parameter Minimum  Maxium Desecription

Jfmem = (N1 +N2) /(N1 + N2 + Nvw ). fraction of stars belonging to dSph

Jsub = N1 /(N1 +N>). fraction of members belonging to MR component

rn1/Th2 ratio of half-light radu for metal-rich (MR) and metal-poor (MP) components
logygl[rn2/pel 3 half-hght radius of MP component

(W) /A : mean reduced Mg index of MR component

(W1 —(W)2)/A 3 offset of mean Mg indices

lngm[crﬁ, 1/ A?] squared dispersion of reduced Mg index, MR component
lngm[crﬁ, 5/ A?] squared dispersion of reduced Mg index, MP component
1:::+g1,:,[clr;f‘I 1/ (km?s™2)] squared velocity dispersion, MR component

logyq [g% o/ (km?s™2)] squared velocity dispersion, MP component

o [ (mas /century) RA proper motion of dSph

{5 [(mas/century) Dec. proper motion of dSph

Walker & Penarrubia (2012)
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Dark Matter Cores and Cusps: The Case of Multiple
Stellar Populations in Dwarf Spheroidals

N. C. Amorisco'* and N. W. Evans! §

'nstitute of Astronomy, Untversity of Cambridge, Madmgley Road, Cambridge CBY oHA, UK Amorisco & Evans (2012)

THE DARK MATTER DENSITY PROFILE OF THE FORNAX DWARF

JoHN R. JARDEL AND KARL GEBHARDT .
Department of Astronomy, University of Texas at Austin, 1 University Station C1400, Austin, TX 78712;
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AccCEePTED TO APJ: 29 November 2011

ABSTRACT

We construct axisymmetric Schwarzschild models to measure the mass profile of the local group dwarf
galaxy Fomax. These models require no assumptions to be made about the orbital anisotropy of the stars, as . + : i
is the case for commonly used Jeans models. We test a variety of parameterizations of dark matter density T 4
profiles and find cored models with uniform density p, = (1.6 +0.1) x 102 M, pc™3 fit significantly better than
the cuspy halos predicted by cold dark matter simulations. We also construct models with an intermediate-
mass black hole, but are unable to make a detection. We place a 1-o upper limit on the mass of a potential
intermediate-mass black hole at M, < 3.2 x 10*M_,. Jardel & Gebhardt (2012)

A VIRIAL CORE IN THE SCULPTOR DWARF SPHEROIDAL GALAXY

* . : A Acnero anxp N. W. Evans
Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK
Draft version May 31, 2012

ABSTRACT

The projected virial theorem is applied to the case of multiple stellar populations in the nearby dwarf
spheroidal galaxies. As each population must reside in the same gravitational potential, this provides strong
constraints on the nature of the dark matter halo. We denive necessary conditions for two populations with
Plummer or exponential surface brightnesses to reside in a cusped Navarro-Frenk-White (NFW) halo. We ap-
ply our methods to the Sculptor dwarf spheroidal, and show that there is no NFW halo compatible with the
energetics of the two populations. The dark halo must possess a core radius of ~ 120 pe for the virial solu-
Reneilo & Bvans (2012) tions for the two populations to be consistent. This conclusion remains true, even if the effects of flattening or

& _ self-gravity of the stellar populations are included.




Conclusion

-

+ :

At present, cold dark matter (CDM) hypothesis
does not yield accurate predictions regarding the
stellar dynamics of the most dark-matter-
dominated galaxies.

Possible solutions:

-complexities of baryonic physics (predictions?)
-self-interacting CDM (epicycles?)

|OR

{ -warm(er) dark matter?

B




THE COUPLING BETWEEN THE CORE/CUSP AND MISSING SATELLITE PROBLEMS

JORGE PENARRUBIA'Y, ANDREW PONTZEN®, MATTHEW G. WALKER! & SErRcEY E. Korosov?®
Draft version July 13, 2012
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THE COUPLING BETWEEN THE CORE/CUSP AND MISSING SATELLITE PROBLEMS

JORGE PENARRUBIA'Y, ANDREW PONTZEN®, MATTHEW G. WALKER! & SErRcEY E. Korosov?®
Draft version July 13, 2012
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Tests

TABLE 3

TESTS ON SYNTHETIC DATA: GRID OF INPUT PARAMETERS FOR
DYNAMICAL TEST MODELS

Profile

Stellar Subcomponent (Eq. 15)

Dark Matter Halo (Eq. 16)

Parameter values considered
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