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1. IMF Variations with Galactic 
Environment 

• Observations now provide compelling 
evidence for a varying IMF 

Cappellari et al. (2012) Conroy & van Dokkum (2012) 



But: Existing Evidence is Indirect 

•  From space, direct measurements are 
possible for nearby galaxies 

Kalirai et al. (2012) 



The IMF at Low Metallicity 

Figure courtesy of Marla Geha 

Figure 3: The Proposed Observations: (Left:) ACS CMD of the ComaBer UFD in the region
of our IMF analysis. Dotter et al. (2008) isochrones are overplotted with an age of 12.5 Gyr,
[α/Fe]=+0.2 and [Fe/H] as indicated. Previous photometric limits are also shown. Infrared
WFC3 observations will minimize effects due to the galaxy’s metallicity spread. (Right:) The
IMF of ComaBer based on the ACS data. We overplot three models which fit the ACS data
equally well: a power-law with α = −1.3 and log-normal with mc = 0.3 and 0.4 M⊙. The
proposed observations will characterize the IMF to 0.17 M⊙ and will be the deepest directly
measured IMF outside the Milky Way.

stars to estimate the mass function at this radius. We request observations in the F606W
and F814W filters and expect to reach a stellar mass of 0.35 M⊙ in these parallel data.

Data and IMF Analysis: Our proposed WFC3/IR data will be processed using the MUL-
TIDRIZZLE package, which includes cosmic ray removal, bad pixel masking and correction
for geometric distortions. Using a similar analysis as outlined in Geha et al. (2013) and
Figure 1, we will measure the luminosity function of stellar sources with colors and magni-
tudes consistent with belonging to ComaBer. We estimate interlopers, including foreground
stars and unresolved background galaxies will be minimal, noting that unresolved galaxies
at ground-based resolutions preclude IMF estimations to the requested depths. We have
Keck/DEIMOS spectroscopic metallicities for over 50 ComaBer member stars and will use
this to constrain the internal metallicity spread (see Geha et al. 2013 for details). We will
compare the WFC3 luminosity function to theoretical stellar synthesis models, simultane-
ously fitting for the IMF shape and unresolved binary stars which mimic a flattening of the
IMF at low masses (Figure 1). We will use the existing optical ACS data in this region as a
sanity check on the infrared isochrones.

Team Experience: Our team has the necessary expertise to carry out the data and scientific
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What Is the Physics Driving the IMF? 

• Galaxy parameter space is very 
sparsely sampled so far 

Geha et al. (2013) 



The IMF with WFIRST 

•  Efficiency is ~10× Hubble from near-IR 
wavelengths plus field of view 

WFC3 FOV 

WFIRST FOV 

3 rhalf 



2. The Nature of Dark Matter 

ρ(r)   ∞ 1 
(r/rs)(1 + r/rs)2 

cusp vs. core 

• Navarro, Frenk, & White (1996) profile 



Observed Distribution of Dark 
Matter Central Slopes 

Adams et al. (2014) 

Galaxy sample: Adams et al. (2014) + 
Simon et al. (2005) + Oh et al. (2011) 

Simulations: Diemand et al. (2004) 

Average DM profile has α = 0.63 ± 0.28 



Lower Mass Galaxies Are the Key 

• Galaxies with Mvir ≤ 1010 M¤ (M* ≤ 107 
M¤) should be unaffected by feedback 

Governato et al. (2012) 



Dwarf Spheroidals as DM Probes 

•  Closest and most dark matter-dominated 
galaxies known 
–  luminosities from 103 to 107 L¤ 
–  sizes from 30 to 1000 pc 
–  masses of ~109 M¤ 

•  But: radial velocities provide only one 
component of the 3D motion of each star 



Dwarf Spheroidals as DM Probes 

movie courtesy of TJ Cox 



dSph Density Profile Results 

•  Fornax 
–                       (Walker & Penarrubia 2011) 
–   core (Jardel & Gebhardt 2012) 
–   core or cusp (Breddels & Helmi 2013) 

•  Sculptor 
–   core or cusp (Battaglia et al. 2008) 
–                       (Walker & Penarrubia 2011) 
–   core (Amorisco & Evans 2012)	


–   γ = 0 ± 1.2 (Breddels et al. 2013)	


–   core or cusp (Breddels & Helmi 2013)	


–   γ = 0 or 1.2 (Richardson & Fairbairn 2014) 

• Draco 
–  γ = 1.0 ± 0.2 (Jardel et al. 2013) 

γ = 0.39!!.!"!!.!" 

γ = 0.05!!.!"!!.!! 



•  Combining radial velocities with proper 
motions measures orbital anisotropy 
–  5 km s-1 ~ 16 µas yr-1 (measurable in 5 years)  

dSph Proper Motions with WFIRST 

QSO 
Leo II members 

40” 
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ELT proper motions 
WFIRST proper motions 



3. Formation of the Faintest Dwarfs 

•  SDSS revealed a new population of 
incredibly faint dwarf galaxies 

Belokurov et al. (2006b) 

SDSS dwarf Pre-SDSS dwarf 



Do L < 103 L¤ Dwarfs Exist 
Beyond 50 kpc? 

Ultra-faint dwarfs 
only detectable in 
SDSS if they are 
very nearby 

Tollerud et al. (2008) 



Deep Ground-Based Surveys 
Require Intensive Follow-up 

LSST will find 
hundreds of objects 
like these - which 
ones are dwarfs? 

Walsh et al. (2009) 



Deep Ground-Based Surveys 
Require Intensive Follow-up 

Walsh et al. (2009) 

Dwarf 

Dwarf 

Asterism? 

Asterism? 

Asterism? 



Ultra-Faint Dwarfs in WFIRST HLS  

• WFIRST will provide a clean sample of 
dwarfs out to ~2.5 Mpc without follow-up 
–  Estimated discoveries: 
   5 ± 2 L > 103 L¤ Milky Way satellites (Hargis et al. 2014) 

   28 ± 15 L < 103 L¤ Milky Way satellites (Hargis et al. 2014) 

    58 L > 103 L¤ dwarfs beyond 300 kpc (Garrison-Kimmel et al. 
                                                      2014) 

WFIRST 

Garrison-Kimmel et al. (2014) 



Local Group Science with WFIRST 

• Direct measurements of the IMF 
–  Efficient determination of IMF variation with [Fe/H] 

and mass 
–  Robust GO and/or Local Group Legacy program 

•  Internal proper motions in dSphs 
–  Will provide cleanest possible cusp/core 

measurements 
–  Requires maximizing WFIRST astrometric performance 

•  Census of the faintest dwarfs 
–  Do dwarfs become ultra-faint via nature or nurture? 
–  The bigger the High Latitude Survey, the better 


