inner 100 kpc

Dwarf Galaxies
@

(post-2005)
Dwarf Galaxies

(pre-2005)




Introduction to Dwart Galaxies

Mass < 10" Mgn | My>-18

Dwarfs with gas Dwarfs without gas

M, =-16

IC 1613

My =-12

SDSS dwarf

Leo |

LE0 T m MV = '6 m UMa I




|7 (Yoshida et al. 2003)

Gas distribution |Mpc box @ =z

Dwart Galaxies as Probes of Dark Matter

In hierarchical galaxy formation, low mass objects

collapse first and merge to create larger structures.
O = objects > 10° Myun

Cold Dark Matter simulation : Warm Dark Matter (m. = 10 KeV)

© The number of low mass objects provide strong constraints on cosmology. ®
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Finding the Milky Way Ultra-Faint Galaxies

The ultra-faint galaxies are
found via over-densities of
resolved stars.

Milky Way stellar foreground
overwhelms the dwarf galaxy.













Finding the Milky Way Ultra-Faint Galaxies

Raw Image Member Stars only

The ultra-faint galaxies have similar total magnitudes to
globular clusters, but much lower surface brightnesses.

=> biases remain in size and surface brightness <=




Are the Milky Way Ultra-Faints Galaxies?

100.000 Iy
|

Sextans
Dwarf

Ursa Minor

Dwarf  Draca Are the new objects dwarf galaxies?
or odd globular clusters?
or intersecting tidal streams?

b ilky Way

8 Sagittarius
Dwarf

Magellanic
Cloud: ~ :
% Srmal To answer this question,
Magellanic : . 3
Cloud both kinematics and chemical

abundances required.

Fornax :
Dwarf *




Kinematics with Keck/DEIMOS

DEIMOS Multi-Object Spectrograph
-~ 6500 to 9000A
-- 0.33 A pixel'! ~ 12 km s'! pixel"!

20 100
Velocity (km/s)

Measure internal velocity dispersion and estimate mass of each object.

150




Kinematics of the Ultra-Faint Galaxies

Keck + DEIMOS data
cB

Velocity (km s!)

All have clear velocity peak with width 3-8 km/s.

Simon & Geha 2007
Martin et al 2007
Munoz et al. 2006
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Kinematics of Segue 1

A complete sample of stars to 60pc: 65 members

» Signs of tidal disruption?
— Velocity gradient no
— Excess of stars at large radii no

— Velocity dispersion increasing with radius 710

~
o
o
o
N
i
~
Q
¥
()]

o
o

No evidence for tidal disruption in Segue 1.

In absence of evidence, we assume stars are
152.0 151.9 151.8 151.7 151.6 faithfully tracing gravitational potential.
RA (J2000)

Simon et al (2009, in prep)




o MW stars
« Wil 1 members
m [Fe/H] > -1.2 dex
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oL — 13 stars per bin
— Clipped results — [12,12,11] in each bin
- =14 stars per bin - includes high [Fe/H] stars
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® Kirby et al 2008
A Mufioz et al. (2008)
0O Mateo (1998
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Ultra-Faint Galaxies and Dark Matter

‘Keck

@ |NSTITUTE FOR SPACE STUDIES'S|

The ultra-faints are versatile probes of dark matter:

1. Good targets for indirect dark matter experiments.

2. Dark matter particle mass constraints from phase space density.

3. Galaxy formation and small scale fluctuations.




Indirect Dark Matter Detection

SUSY dark matter particles
occasionally annihilate to produce
observable y-rays.
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Simulated Dark Matter Annihilation Map

Kuhlen et al. (2008)

If we have measured the mass correctly,
ultra-faints are promising sites for
detecting this signal.

TII] L Ll IYI-T-] Ll T llllTl. T IR RAL
Ursa Minor , Segue 1
Discovered 1854 _____ ____ 2004, 2008

Likelihood

10-1 10=m 10-° 10-8
Flux [em~2 s-!]

Strigari al. (2008)




Indirect Dark Matter Detection

No satellites detected in 9-month Fermi data.

5°x5° centered on Segue 1

From T. Jeltema and Fermi collaboration

Upper limits nibble at SUSY parameter space.

Preliminary

c - — 3
F | WMAP models b b final state 7
r [ All SUSY models 1

F [o—o Segue |
| |~ U Minor

= I I I I I 1

Il IOO Il Il Il Il Il Il Il \IBOO
WIMP Mass (GeV)

From S. Profumo and Fermi collaboration




Phase Space Density Constraints

For collisionless systems, the density in phase space f(x,v) is conserved.

The quantity Q = @ / 03 1s defined as the coarse-grain phase space density,
and can be measured.

The coarse-grained phase space density only decreases with time, Q provides a
lower limit to the primordial phase space density of the dark matter particles.

Sterile neutrino limits (from K. Abazajian)

CDM: Q ~ 10!! Mg pc3 (km/s)-3 S

WDM: Q ~ 103 | ﬂ

)%

0.5 i 2
m_ [keV]




Have the Missing Satellites Been Found?

Milky Way Dwarfs (pre-2006) ®
N ( >VCiI’C) 100 Via Lactea simulations —&~

Veire

Simon & Geha 2007




Have the Missing Satellites Been Found?

Milky Way Dwarfs (post-2006) ®
N ( >Vcirc) 100 Via Lactea simulations —-

Veire

Simon & Geha 2007




Have the Missing Satellites Been Found?

Milky Way Dwarfs (post-2006) ®
N ( >Vcirc) 100 Via Lactea simulations —-

Veire

Simon & Geha 2007
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@® Busha, Wechsler et al (2009)
® Kravtsov et al (2009)
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ultra-faint dwarf galaxies

Web

Did you mean: ultra-fine dwarf galaxies




