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Aquarius simulation (Springel et al.)
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1. Milky Way Satellites

Via Lactea II (Diemand, Kuhlen, Madau et al.)

Dark Matter Stars
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Belokurov et al. 2007 
• Globular Clusters

– Pressure supported
– 103-6 L_sun
– No gas
– <v> ~ 5-15 km/s
– ~Single age
– Rhalf ~ 10 pc
– No Dark Matter

• dSph galaxies
– Pressure supported
– 103-7 L_sun
– No gas
– <v> ~ 5-15 km/s
– Extended Star formation
– Rhalf ~ 100 pc
– Dark Matter

Milky Way Satellites: Star Clusters vs. Galaxies
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• Lower limit of galaxy formation
– Smallest: r~101-3pc
– Faintest: L ~ 103-7 Lsun
– Darkest: M/L ~ 101-3 solar
– Most(?) Metal-Poor

• Tests of Cold Dark Matter
– Mass Profiles

ie., core vs cusp
– Halo Mass Function

Pick any two and solve for the
third:

• Dark matter
• Baryon physics
• dSph data

Milky Way Satellites:

Dwarf Spheroidal (dSph) Galaxies

Diemand etal (2008); see
also Springel etal (2008)
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2. Data: Magellan, MMT, VLT
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Observations: Spectroscopy of “Classical” dSphs
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Data: Magellan Samples

Walker etal (2009)
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Data: Velocity Dispersion Profiles for ‘Classical’ dSphs

Walker etal. 2009
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3. dSph Masses
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dSph Masses: Kinematics with the Jeans Equation

2)  Jeans Eq. (spherical)

4) Adopt Halo Model

--> NFW Cusp--> Core

Free Parameters: normalization, r_scale, alpha, gamma, beta=constant

3)  Solution in terms of observables

1) Collisionless Boltzmann Eq.

Assumptions: Spherical symmetry, Dynamical equilibrium, Single (massless) stellar component,
negligible binary motions
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dSph Masses: Free Parameters
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dSph Masses: Fornax

A “model-independent” constraint on Vmax ~ 20 (-3/+4) km/s
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dSph Masses: M(rhalf) is well-constrained

See also Peñarrubia etal 2007, Wolf etal 2009
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dSph Masses: Simple Mass Estimator

Jeans Eq.

Isotropy, flat vdisp profile -->

Walker et al. (2009),  see also Peñarrubia et al. (2008), Wolf et al. (2010)
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dSph Masses: Simple Mass Estimator vs. MCMC

Walker etal (2009)
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dSph Masses: Data for 28 MW Satellites

Walker etal (2009)
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dSph Masses: M(rhalf) vs. rhalf

Walker etal 2009
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dSph Masses: Velocity Dispersion vs. Size
A new scaling relation for dSphs

Walker etal (2009)
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dSph Masses: A Minimum Mass for Galaxy Formation?

“M(300pc)~107 Msun”  (Strigari etal 2008, Nature)
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dSph Masses: A Minimum Mass for Galaxy Formation?



equationcolor

mgwalker@umich.edu

dSph Masses: M300 vs. M(rhalf)

“M(300pc)~107 Msun”  (Strigari etal 2008)

A “Universal” Mass Profile? (Walker etal 2009)
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dSph Masses: Scatter

“M(300pc)~107 Msun”  (Strigari etal 2008)

A “Universal” Mass Profile? (Walker etal 2009)
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dSph Masses: Implications

• No empirically-determined minimum mass for galaxy
formation -- mass profiles line up as far as each goes, but
some may have  r<<300pc, and therefore M << 107 Msun

• Large central densities for all dSphs?
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4. A Brief History of dSph ‘Universality’
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A Brief History of dSph ‘Universality’

A Common dSph mass? (Mateo 1993, 1998)
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A Brief History of dSph ‘Universality’

Ultrafaints deviate from a Common dSph mass? (Simon & Geha 2007)
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A Brief History of dSph ‘Universality’

A Common dSph mass at r=300pc? (Strigari et al. 2008)
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A Brief History of dSph ‘Universality’

A Common dSph mass profile? (Walker et al. 2009)
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A Brief History of dSph ‘Universality’

McGaugh etal. (2007)
Walker etal. (2010)
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A Brief History of dSph ‘Universality’

McGaugh etal. (2007)
Walker etal. (2010)
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END
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4. Core vs. Cusp

Diemand etal 2008Springel etal 2008



equationcolor

mgwalker@umich.edu

Core vs. Cusp: Stellar Dynamics

Collisionless Boltzmann Equation:

Free parameters: a, c, L0 Free parameters: rho0, rs, alpha, beta, gamma

M. Wilkinson etal (in prep)



equationcolor

mgwalker@umich.edu

Core vs. Cusp: Stellar Dynamics

M. Wilkinson etal (in prep)
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Core vs. Cusp: Tests on artificial data
M. Wilkinson etal. in prep

Requirement: ~ 2000 velocities at +/- 2 km/s
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Core vs. Cusp: Stay Tuned for a Fornax result!

M. Wilkinson etal (in prep)

+ ~400 new members from Septemcer 2009
Magellan/MMFS run
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End
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Substructure of Substructure: Segue 2 in a stream?

Belokurov etal 2009


