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Hypothesis: Collisionless, Cold Dark Matter







Internal Halo Structure

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 Marc

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 from rotation curve decompositions. The halos are strongly triaxial and very flat, with

0.50 and 0.71. There are roughly equal numbers of dark halos with oblate and prolate forms.
T e distribution o elllpt cities 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

log a/kpc

Fii. 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 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.




Internal Halo Structure

Springel etal. 2008, also Diemand et al. 2007, etc.
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core/cusp problem

NFW (< 110 kms™')
ISO halos

o IC 2574 @ DDO 154
O NGC 2366 ¥r DDO 53
Vv Ho | A M81dwB
O Ho I

Oh et al (2011; also Moore 1994, Flores & Primack
1994, de Blok & Bosma 2002, Kuzio de Naray
2008, de Blok 2010 & references therein)
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How supernova feedback turns dark matter cusps into cores
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Magellan Spectroscopy w/ Mario Mateo & Ed Olszewski
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Kinematics with the Jeans Equation
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Kinematics with the Jeans Equation

NFW cusp
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Walker & Penarrubia 2011

2 Rhai
Ji”'[RhuH ) ~ "Err_ al

2G

++




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'?,

ABSTRACT

We have found evidence for the presence of two distinct ancient stellar com-
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>
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Z.

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

[Fe/H] and vy distributions for our large sample of spectroscopic measurements.

411029v1

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.

’ : & ‘Also: ' S
Forr}ax (Battaglia et al. 20006)
Sextans: (Battaglia et al. 2010)
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| A METHOD FOR MEASURING (SLOPES OF) THE MASS PROFILES OF DWARF SPHEROIDAL GALAXIES

MATTHEW G. WALKER'?” & JORGE PENARRUBIA?
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| A METHOD FOR MEASURING (SLOPES OF) THE MASS PROFILES OF DWARF SPHEROIDAL GALAXIES

MATTHEW G. WALKER'?” & JORGE PENARRUBIA?
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A METHOD FOR MEASURING (SLOPES OF) THE MASS PROFILES OF DWARF SPHEROIDAL GALAXIES

MATTHEW G. WALKER'?” & JORGE PENARRUBIA?
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At present the standard cold: dark matter (CDM)
hypothesis does not yield accurate pred1et1ons
about the stellar dynamles of the most DM— S
domlnated galax1es S R £
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T ’ Coliizienless Cold Dark Matter

Observational evidence for self-interacting cold dark matter

David N. Spergel and Paul J. Steinhardt
Princeton University, Princeton NJ 08544 USA

Cores in Dwarf Galaxies from Dark Matter with a Yukawa Potential
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Constraining Self-Interacting Dark Matter with the Milky Way’s
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C omological Simulatio with Self-Interacting Dark Matter I:
Constant Density Cores and Substructure
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4 Collisionless Csld Dark Matter

HALO FORMATION IN WARM DARK MATTER MODELS
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Daniel Boyanovsky!:*

Cores in warm dark matter haloes: a Catch 22 problem

Andrea V. Maccid!'*, Sinziana Paduroiu®, Donnino Anderhalden®

3
Sl SCheer Ben Mooro : The Galactic Halo in Mlxed Dark
‘ ' Matter Cosmologies

D. Anderhalden® J. Diemand® G. Bertone®
A. V. Maccido® A. Schneider®




How supernova feedback turns dark matter cusps into cores

Andrew Pontzen!-23*_ Fabio Governato®

WHY BARYONS MATTER: THE KINEMATICS OF DWARF SPHEROIDAL SATELLITES
; ALysoN M. Brooks', Api ZoLoTtov?

Mass loss from dwarf spheroidal galaxies: the origins of shallow
dark matter cores and exponential surface brightness profiles

J.I.Read and G. Gilmore
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Cosmological puzzle resolved by stellar feedback in high
redshift galaxies
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Cusp-core transformations in dwarf galaxies: observational
predictions
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Cuspy No More: How Outflows Affect the Cent1 al Dark
Matter and Baryon Distribution in ACDM Galaxies.
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THE COUPLING BETWEEN THE CORE/CUSP AND MISSING SATELLITE PROBLEMS

JORGE PENARRUBIA'?, ANDREW PONTZEN®?, MATTHEW G. WALKER'! & SERGEY E. Korosov?®
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THE COUPLING BETWEEN THE CORE/CUSP AND MISSING SATELLITE PROBLEMS

JORGE PENARRUBIA'?, ANDREW PONTZEN®, MATTHEW G. WALKER' & SERGEY E. Korosov??®
Draft version July 13, 2012
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FUTURE WORK - Streams in the Galactic halo:
- The Primordial Luminosity Function

NORTHERN SKY L




FUTURE WORK - Streams in the Galactic halo:
- The Primordial Luminosity Function

5 5 : : &3
. a . - X

Gaia | |
-launch: Aug 2013 bz . ‘. s ) b
—catalog: 10° stars to V~20 s
-parallax: 4 uas at V~10 160 uas at V~20

-distance: 1% for 106 stars 10% for 1O8 stars




FUTURE WORK - Streams in the Galactic halo:
- The Primordial Luminosity Function
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Conclusions

Galactic dynamics has implications for particle physics.

e CDM model needs rescuing by b.ar"y._on physics.
— efficient star formation to alter halo sti*ucture _
— inefficient star forma'tio_n to suppress_'loW-mas:s galaxies

If CbM escapes this tension, evidence will bé%bbs'ervablé in the Galactic
halo, ‘ R | i '
Otherwise, dark matter model will »Vre.qtiyife more complexity.

+
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Non-gravitational detections of dark matter?
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J from

O Projected PDF [for each p(r)]
PDF: mean
——— PDF: most probable
——— PDF: median
wwnnn: PDF: 68% CL
==== PDF: 95% CL
m— best-fit
mmmnn 68% CL
----95%CL

logolp/ (M®kp<:_3 )]

Median +95% CLs
. Charbonnier et al. (arXiv:1104.0412) V=15
TG & T =10

*

—— Yprie=0-3
— Ym“=0-0

. : ; ; Draco (y-fixed analysis)



published constraints from Fermi non-detections

.
Upper limits, bb channel
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How to improve particle physics limits?

 Find more satellites, éspecially in the.southern hemisphere

. Modelling uncertainties: Gty ,
- _Centers of satellifes & @ i R
— Non-spherical shapes of satelliteS» s oy '
— Contamination fro.m‘ foregrQund : + G
- ]?inary stars i Ve ‘
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i BARYONS MATTER: WHY LUMINOUS SATELLITE GALAXIES HAVE REDUCED CENTRAL MASSES

Api ZoLoTov', ALYSON M. Brooks®, BETH V\"'ILLMAN:“ FABIO GOVERNATO', ANDREW PONTZEN®, CHARLOTTE
CHRISTENSEN®, AVISHAI DEI\]"I , Tom QuinN?, SuiING SHEN?, JAMES WADSLEY®

ated Jul% 12, 2012)
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l0gyo p / Mg pc™

Cuspy No More: How Outflows Affect the Central Dark
Matter and Baryon Distribution in ACDM Galaxies.

F.Covernato™ A.Zolotov?, A.Pontzen®, C.Christensen?, S.H.Oh®#, A. M.Brooks’,
T.Quinn', S.Shen®, J.\Vadsle'g




J from stellar kinematics

J = / / pom (1, Q) dldS.
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Assumptions:
-spherical symmetry

-dynamical equilibrium

-negligible binary motions
-parametric density profile
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Bool w/ VLT

e e e e e
— Gaussian,o=3km/s
— Gaussian,a=6km/s
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THE DIFFERENCE BETWEEN COLD DARK MATTER'S CORE/CUSP AND TOO-BIG-TO-FAIL PROBLEMS

MATTHEW G. WALKER'”? & JORGE PENARRUBIA®
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