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Overview

® Dark Matter Mass Scale/Mass Function
® “"Classical” dwarf satellites

® New dwarf satellites
® 3D Spatial Motions in Local Group
® [nternal: Core vs. Cusp issue

® Systematic Motions of satellites
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What is the minimum mass dark matter halo?
What is the minimum mass galaxy?”

CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et al. 2001; Berezinsky et al. 2003; Loeb & Zaidarraga 2005, Profumo et al 2006; Bertschinger 2007]
Gamma-ray signals [e.g. Diemand et al. 2006; Strigari et ai. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g. Kamionkowski and Koushiappas 2008]




Mo Sional

WiEA-1







N Shgnal

W1




# Adobe Reader File Edit View Document Tools Window Help @F 231 Sat9:55AM Q
= Pi_smaliscale2008.pdf

- = - @3 19

What is the minimum mass dark matter halo?
What is the minimum mass galaxy?”

CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et al. 2001; Berezinsky et al. 2003; Loeb & Zaidarriaga 2005, Profume et al 2006; Bertschinger 2007]
Gamma-ray signals [e.g Diemand et al. 2006; Strigari et al. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g. Kamionkowski and Koushiappas 2008]
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What is the minimum mass dark matter halo?
What is the minimum mass galaxy?”

CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et al. 2001; Berezinsky et al. 2003; Loeb & Zaldarriaga 2005, Profumo et ai 2006; Bertschinger 2007]
Gamma-ray signals [e.g. Diemand et ai. 2006; Strigari et al. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g Kamionkowski and Koushmppas 2008]
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CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et al. 2001; Berezinsky et al. 2003; Loeb & Zaldarriaga 2005, Profumo et al 2006; Bertschinger 2007]
Gamma-ray signals [e.g. Diemand et al. 2006; Strigari et al. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g Kamionkowski and Koushippas 2008]
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CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et al. 200|; Berezinsky et al. 2003; Loeb & Zaidarriaga 2005, Profumo et al 2006; Bertschinger 2007]

Gamma-ray signals [eg. Diemand et al. 2006; Strigari et al. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g. Kamionkowski and Koushiappas 2008]
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CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et ai. 2001; Berezinsky et al. 2003; Loeb & Zaldarriaga 2005, Profumo et ai 2006; Bertschinger 2007]
Gamma-ray signals [e.g. Diemand et al. 2006; Strigari et al. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g. Kamionkowski and Koushiappas 2008]
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CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et al. 2001; Berezinsky et al. 2003; Loeb & Zaldarriaga 2005, Profumo et al 2006; Bertschinger 2007]
Gamma-ray signals [eg. Diemand et al. 2006; Strigari et al. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g. Kamionkowski and Koushiappas 2008]
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CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et al. 2001; Berezinsky et al. 2003; Loeb & Zaldarriaga 2005, Profumo et al 2006; Bertschinger 2007]
Gamma-ray signals [e.g. Diemand et al. 2006; Strigari et al. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g. Kamionkowski and Koushiappas 2008]




Low-mass stellar systems
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What is the minimum mass dark matter halo?
What is the minimum mass "~ galaxy?”
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CDM Mass Function cut-off depends free-streaming length, acoustic oscillations
[Hofmann, et al. 2001; Berezinsky et al. 2003; Loeb & Zaldarriaga 2005, Profumo et al 2006; Bertschinger 2007]
Gamma-ray signals [e.g. Diemand et al. 2006; Strigari et al. 2007; Pieri et al. 2008; Kuhlen et al. 2008]
Direct Detection [e.g. Kamionkowski and Koushiappas 2008]
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® Mass within fixed radius
is a better constrained
observable than the

maximum circular

velocity

Two-component mass
models, with varying
velocity anisotropy, are
necessary

Walker et al, ApjL 2007




Classical Milky Way Satellites

Quantitative comparison
to CDM mode¥ now
possible

Satellites are either the
Earliest Forming or

Largest Before Accretion
[Strigari et al. 2007; Simon & Geha
2007]
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Classical Milky Way Satellites

Quantitative comparison
to CDM mode¥ now
possible

Satellites are either the
Earliest Forming or

Largest Before Accretion
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Mass Modeling

Jeans equation
W

LOS integral




Kinematics

® Mass within fixed radius
is a better constrained
observa¥e than the
maximum circular
velocity

Two-component mass
models, with varying
velocity anisotropy, are
necessary

Walker et al, ApjL 2007
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Kinematics

® Mass within fixed radius
Is a better constrained
observa¥le than the
maximum circular
velocity

Two-component mass
models, with varying
velocity anisotropy, are
necessary

Walker et al. ApjL 2007
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® Mass within fixed radius
Is a better constrained
observable than the

maximum circular
velocity

Two-component mass
models, with varying
velocity anisotropy, are
necessary

Walker et al, ApjL 2007
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Classical Milky Way Satellites

Quantitative comparison
to CDM models now
possible

Satellites are either the
Earliest Forming or

Largest Before Accretion
[Strigari et al. 2007; Simon & Geha
2007]
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Classical Milky Way Satellites

Quantitative comparison
to CDM models now
possible

Satellites are either the
Earliest Forming or

Largest Before Accretion
[Strigari et al. 2007; Simon & Geha
2007]
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Classical Milky Way Satellites

Quantitative comparison
to CDM models now
possible

Satellites are either the
Earliest Forming or

Largest Before Accretion
[Strigari et al. 2007; Simon & Geha
2007]
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A Common Mass Scale for Milky Way Satellites

P
&
=
pe—
n
(S
9
n
-
o
=B
o
o
g
j—
-
=
—
=
.1
m
S
.
=
-

luminosity [L]

Strigari, Bullock, Kaplinghat, Simon, Geha, Willman, Walker [Nature in Press 2008]




Classical Milky Way Satellites
"

Quantitative comparison
to CDM models now
possible

Satellites are either the
Earliest Forming or

Largest Before Accretion
[Strigari et al. 2007; Simon & Geha
2007]
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A Common Mass Scale for Milky Way Satellites
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Strigari, Bullock, Kaplinghat, Simon, Geha. Willman, Walker [Nature in Press 2008]
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Tidal Disruption and Rotation

Systemic velocity: v —> v + A Sin(¢-9,)
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® [ow-luminosity dwarfs: R ~100 pc

S Sl * internal gravitational force Fine ~ sigma?/R
® Velocity dispersion: sigma ~ 5 km/s External Tidal force Foe ~ [220 km/s] R/D?

e Distance: D ~ 3040 kpc [nearest]

Ratio of these forces is Find/Fexe ~ 100
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Ursa Major |l lies on the same great cirde as the SDSS-discovered Orphan Stream

However its association with Orphan Stream not dlear (Fellhauer et al 2006)




Low-mass stellar systems:
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e.g. Palomar |3 Globular Cluster [Cote et al. 2002]




Gamma-ray signals
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Local Group with micro-to-milli
arcsecond astrometry

® [nternal stellar proper motions
® Dark matter density of dwarfs
® Halo mass, lumpiness from streams and hyper velocity stars

® Angular momentum distribution of outer halo stars

® Systematic proper motions

® Orbits of Galactic satellites and star clusters

® Local Group galaxies [M31, LMC, SMC]




Astronomy = star naming”
Astromeiry = star measunng”
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Internal stellar proper motions

To determine the central
slope, must break the
degeneracy with the
velocity anisotropy
[Wilkinson et al 2001, Strigari, Bullock,
Kaplinghat 2007]

Constrain dark matter

models [Kaplinghat talk]




Similar absolute errors
are achieved with many

LOS velocities

However, proper motions
always measure log-slope

better in more central
regions

"
@
-
.
=
o
7]
of
-
-
—
-
—
-
-
k.

Py S




Systematic Proper Motions

® Mass of the Milky Way [Little & Tremaine 1987, Kochanek 1996,
Wilkinson & Evans 1999]

e Orbital distribution tests CDM [e.g Metz & Kroupa
2008, Zentner et al. 2006]

e Satellites on first passage?
® |MC & SMC [Besia et al 2007]

® | eo | Mateo et al 2008]

® Proper motions poorly constrained [Piatek et al.
HST measurements]




Proper motions from line-of-sight velocities
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Actual LOS velocity: v, + vix/D + vyy/D

HST error

™7 1.7

ITFI]TFI1TT"

Draco

. ]

5000 10+ 0 5000 10+
Number of Stars Number of Stars

[Kaplinghat & Strigari 2008 ApjL in press]




Local Group Dynamics

® Does M3| have measurable tangential motion?
® Constraints from M33 disk [Loeb et al 2005]

e M3 Satellite kinematics [van der Marel & Guhathakurka 2008]
e CMB dipole [Loeb & Narayan 2008]




