Observations of ‘Classical’ dSph Galaxies:
What’s in the Data
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Data: Magellan Samples
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Kinematics with the Jeans Equation

Assumptions: Spherical symmetry, Dynamical equilibrium, negligible binary motions

1)

Collisionless Boltzmann Eq.
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2) Jeans Eq. (spherical)

4) Adopt Halo Model

--> NFW Cusp




Kinematics with the Jeans Equation
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Simple Mass Estimates
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‘Retro’ Mass Estimates
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Stellar Dynamics

-

e.g., Wilkinson et al. (2002); -- Distribution Function Modeling
Chanamé et al. (2008); -- Schwarzschild Modeling

| talks here by Mark Wilkinson, Gary Mamon, Joe Wolf (and quite possibly others)
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Cores vs cusps
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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'?,

004

ABSTRACT

2

We have found evidence for the presence of two distinct ancient stellar com-
ponents (both > 10 Gyr old) in the Sculptor dwarf spheroidal galaxy. We used
the ESO Wide Field Imager (WFI) in conjunction with the VLT /FLAMES spec-
trograph to study the properties of the resolved stellar population of Sculptor
out to and beyond the tidal radius. We find that two components are discernible
in the spatial distribution of Horizontal Branch stars in our imaging, and in the

| Nov

>
o))

[Fe/H] and vy distributions for our large sample of spectroscopic measurements.
They can be generally described as a “metal-poor” component ([Fe/H]< —1.7)
and a “metal-rich” component ([Fe/H]> —1.7). The metal-poor stars are more
spatially extended than the metal-rich stars, and they also appear to be kine-
matically distinct. These results provide an important insight into the formation
processes of small systems in the early universe and the conditions found there.
Even this simplest of galaxies appears to have had a surprisingly complex early
evolution.

v:astro-ph/04110

Also:
Fornax (Battaglia et al. 2006)
Sextans: (Battaglia et al. 2010)
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N, sample

LSRR, Vi, Wi 5™ = [ [APr R0, Vi, W+ fopaRs, Vi, W +(1 - fi = ) paw (R, Vi, W)

=1




O(R;)pr1(R;)

pl(Rithvvi):pV,l(Vi)pW,l(VVi) o0 :
/ O(R)pr1(R)IR
0

OR)pra(R:)
/ 6(R)pr>(R)IR
0

\ PR, Vi, Wp) = Pv,z(Vi)PW,z(Wi)

Pvw (R, Vi, W) = puavw (Vo) pwviw (W) proaviw (R;)

PF,I(Vu ':]5#?5#) —

L ll(v_w*j*z]
exp |—=

o) 2 2
\/Z}T(G% | +ed) = Oy1téy

1(WW})2]

| pw.a(W) = — exp[ S —
: \/EW(J]TF~1+E1¥) - Wl T W




OR)pr1(R)

pl(Ri,vVieVVi)ZPV._I(VI')PW.I(VVI') = N
A 6(R)pr1(R)IR

OR)pro(R;)
/ O(R)pr>(R)IR
0

P2R;:, Vi, W) = pyva(Vi) pw 2 (W)
vw (R, Vi, W) = pvvw (Vo) Pwaaew (W) provew (R;)

.2

l_ 1 (R,-—R)zl _

|

i l l(W.-—W)zl
exp [—5 ,

~

A




Neample

LSHR, VW52 = [ [An1Ri Ve, W)+ fopaRe, Vi, W) + (1= i— F) paw (R, Vi W)

=1

MCMC PARAMETERS AND TOP-HAT PRIORS FOR TWO-COMPONENT MODEL
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:  Core (y5=0.0)

TESTS ON SYNTHETIC DATA: INPUT PARAMETERS FOR DYNAMICAL TEST MODELS
— Cusp (¥m=0.9)

Stellar Profile (Equation 14) Dark Matter Profile (Equation 15)
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Dubinski & Carlberg (1991):
gamma ~1

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 199} December 26 accepied 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
galaxies inferred from rotation curve decompositions. The halos are strongly triaxial and very flat, with
¢efay =050 and {b/ay = 0.71. There are roughly equal numbers of dark halos with oblate and prolate forms.
The distribution of 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

|

1

log a/kpc
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
the two-parameter fit of Hernquist's profile for each of the 14 halos. Each set of
points has been renormalized to the fiducial Hernquist profile, with r, = 28 kpc
and M, = 2.1 = 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.




N-Body Simulations: Cusps

-
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A UNMIVERSAL DEMSITY PROFILE FROM HIERARCHICAL CLUSTERING

JuLwy F., Mavarro!
Stemnrd Observatory, 933 Morth Cherry Avenue, University of Arizonn, Tucson, AZ E5721.0065; jnavarroE ns. arizonn. sd o,
CarpLos 8, FRENE
Department of Physics, University of Durham, South Road, Durham DH1 3LE, England ;cs frenk&uk ae.durham
ANy

Smao D, M, Warme

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

NFW 1997: gamma =1




N-Body Simulations: Cusps

Moore etal. (1998) : gamma > 1, steeper cusp than NFW

K3
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N-Body Simulations: Cusps

100.0

dlogp ! dlogr

100.0

Springel etal. 2008: : gamma ~1
to at least R ~ 100 pc




Observations: Cores?

Vcircr2=GM/r
Flat rotation

clrves —> dark
matter

Linear rise, flat in
outer parts

Well-fit by pseudo-
isothermal sphere:

Notice: gamma = 0O,
beta=2 (not NFW)

Moore (1994)




Observations: Cores?

NFW halo NFW halo < 5 kpc ISO halo ISO halo < 5 kpc
Min. Disc

-Rotation curve analysis
complicated by mass
deconvolution

-Stellar M/L typically
dominates uncertainty

-Now we see the value of low-
surface-brightness galaxies!

23 45670123456 70123456701234586 7
r (kpc) r (kpe) r (kpc) r (kpc)

Van Eymeren etal. (2009)




Observations: Cores?

High-resolution rotation curves of low surface brightness
galaxies™

W. I. C. de Blek! and A. Bosmal

! ATNF, CSIRO, PO Bax 78, Epping NSW 1710, Australin
# Dbservatoire de Morseille, 2 place Le Verdier, 13248 Marseille Cedex 4, Fraoce

Received 18 July 2001 / Accepted 15 January 2002
Abstract. We present high-resclution rotation curves of o sample of 28 Jow surface brightness galeocies. From these

curves we derive mass distributions using & voriety of nssumptions for the stellar moss-to-light rotic, We show that
the predictions of current Cold Deck Matter modsls for the density profiles of dark matter halos are inconsistent
with the obssrred curves, The lstter indicate s cors-dominnted structure, rather then the theoreticolly preferred
cuspy structure.

De Blok & Bosma (2002) :

-

LSBs are DM-dominated, so Vcirc provides
more direct measure of DM potential
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. The cores of dwarf galaxy haloes

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

'Steward Observatory, The University of Arizona, Tucson, AZ 85721, USA
*Physics Department, University of Durham, South Road, Durham DHI 3LE

Accepted 1996 September 2. Received 1996 August 28; in original form 1996 June 26

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.

-Blowout of baryons can transform cusp
into core as halo readjusts.

-BUT, this is more effective in dwarf
galaxies than in deeper potential wells

=0.6
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Creating Cores in Simulations

-1.0 -05 0.0 0.5
log Radius (kpc)
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Governato etal. (2010)
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What About Dwarf Spheroidals?

-

*

All of the above concerned
relatively massive galaxies,
even the LSBs and the cored
dwarf galaxies created by
Governato etal.

dSphs are less massive by
several orders of magnitude

dSphs have much smaller
baryon content --> more
‘pristine’ DM halos?

dSphs are supported by
velocity dispersion, not
rotation --> cannot measure
Vcirc directly
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