
Milky	
  Way	
  and	
  Local	
  Group	
  Sessions	
  
WFIRST	
  Workshop:	
  Day	
  1	
  

Steven	
  Majewski	
  (UVa)	
  &	
  David	
  Soderblom	
  (STScI)	
  



G&LG	
  parallel	
  talks,	
  Day	
  1	
  

•  C.	
  Johnson:	
  Bulge	
  populaNons	
  
–  Can	
  detect	
  micro-­‐lensed	
  Bulge	
  stars	
  

•  Need	
  rapid	
  noNficaNon	
  to	
  get	
  spectra	
  
–  Both	
  deep-­‐	
  and	
  shallow	
  WFIRST	
  exposures	
  useful	
  
–  Need	
  proper	
  moNons	
  to	
  separate	
  populaNons	
  

•  R.	
  Benjamin	
  (U.	
  Wisc.):	
  Other	
  ½	
  of	
  MW	
  
–  PMs	
  reveal	
  stars	
  on	
  far	
  side	
  of	
  center	
  
–  Need	
  Ks	
  to	
  see	
  through	
  center	
  
–  Plan	
  for	
  opportunity:	
  Late-­‐mission	
  repeats	
  of	
  early	
  fields	
  for	
  PMs	
  

•  M.	
  Meixner	
  (STScI):	
  IR	
  surveys	
  of	
  Magellanic	
  Clouds	
  
–  Need	
  Ks	
  for	
  exNncNon	
  studies	
  
–  LMC	
  bar	
  is	
  key	
  calibraNon	
  field	
  



G&LG	
  parallel	
  talks,	
  Day	
  1	
  
•  D.	
  Kirkpatrick	
  (IPAC):	
  Brown	
  dwarfs	
  

–  WFIRST	
  good	
  for	
  detecNng	
  very-­‐low-­‐mass	
  objects	
  (BDs)	
  

–  These	
  are	
  akin	
  to	
  free-­‐floaNng	
  planets	
  
–  GRISM	
  data	
  as	
  useful	
  and	
  deep	
  as	
  photometry;	
  maybe	
  be[er	
  



G&LG	
  parallel	
  talks,	
  Day	
  1	
  
•  K.	
  Schlaufman	
  (MIT):	
  First	
  stars	
  in	
  the	
  IR	
  



G&LG	
  parallel	
  talks,	
  Day	
  1	
  

•  J.	
  Simon	
  (Carnegie):	
  MW	
  satellite	
  galaxies	
  
–  Studying	
  IMF	
  ~10x	
  be[er	
  than	
  HST	
  in	
  NIR,	
  plus	
  huge	
  FOV	
  

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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G&LG	
  parallel	
  talks,	
  Day	
  1	
  
•  R.	
  Indebetouw	
  (UVa):	
  ExNncNon	
  and	
  dust	
  

–  Ks	
  criNcal	
  for	
  exNncNon	
  
–  Need	
  to	
  keep	
  bands	
  from	
  broadening	
  to	
  reduce	
  ambiguity	
  

WFC3 FOV 

WFIRST 
FOV 

3 rhalf 



G&LG	
  parallel	
  talks,	
  Day	
  1	
  

•  K.	
  Kinemuchi	
  (APO):	
  Variable	
  stars	
  
–  Cadencing	
  can	
  show	
  RR	
  Lyrs	
  and	
  Cepheids	
  to	
  large	
  distances	
  

•  R.	
  Beaton	
  (Carnegie):	
  GalacNc	
  haloes	
  in	
  the	
  LG	
  
–  Reveals	
  all	
  phases	
  of	
  star	
  formaNon	
  

–  WFIRST	
  well	
  suited	
  due	
  to	
  large	
  FOV	
  and	
  depth	
  

•  J.	
  Schni[man	
  (GSFC):	
  Microlensing	
  of	
  neutron	
  stars	
  &	
  BHs	
  
–  Can	
  probe	
  high	
  end	
  of	
  IMF	
  

–  Find	
  BHs	
  in	
  planetary	
  graveyards	
  
–  Binary	
  evoluNon	
  



•  Missing	
  from	
  our	
  topics:	
  
– Asteroseismology	
  (but	
  hear	
  A.	
  Gould)	
  

– Star	
  formaNon	
  (pu`ng	
  the	
  “I”	
  in	
  IMF)	
  



Summary	
  Wishlist	
  
1.	
  Longer	
  λ desired	
  (e.g.,	
  Ks),	
  w/no	
  Δλ	
  broadening	
  



Summary	
  Wishlist	
  
1.	
  Longer	
  λ desired	
  (i.e..,	
  Ks),	
  w/no	
  Δλ	
  broadening	
  
•  Punch	
  through	
  exNncNon	
  –	
  e.g.,	
  bulge	
  science	
  

Infrared star-count map as a function of  wavelength (2MASS + GLIMPSE) 
               (Benjamin)  



Summary	
  Wishlist	
  
1.	
  Longer	
  λ desired	
  (e.g.,	
  Ks),	
  w/no	
  Δλ	
  broadening	
  
•  Punch	
  through	
  exNncNon	
  –	
  e.g.,	
  bulge	
  science	
  
•  Increased	
  sensiNvity	
  to	
  dust	
  properNes	
  

Steeper	
  
exNncNon	
  with	
  
Increasing	
  
longitude	
  

Zasowski++	
  2009	
  

(Indebetouw)  

Broader	
  
filters	
  make	
  
it	
  hard	
  to	
  
determine	
  
exNncNon	
  
relaNon	
  



Summary	
  Wishlist	
  
1.	
  Longer	
  λ desired	
  (e.g.,	
  Ks),	
  w/no	
  Δλ	
  broadening	
  
•  Punch	
  through	
  exNncNon	
  –	
  e.g.,	
  bulge	
  science	
  
•  Increased	
  sensiNvity	
  to	
  dust	
  properNes	
  
•  Detect	
  cooler	
  brown	
  dwarfs	
  

(Kirkpatrick)  

Note	
  BDs	
  
easy	
  to	
  
detect	
  in	
  
grism	
  mode	
  



Search	
  for	
  First	
  Stars	
  (Schlaufman)	
  



Summary	
  Wishlist	
  
1.	
  Longer	
  λ desired	
  (e.g.,	
  Ks),	
  w/no	
  Δλ	
  broadening	
  
•  Punch	
  through	
  exNncNon	
  –	
  e.g.,	
  bulge	
  science	
  
•  Increased	
  sensiNvity	
  to	
  dust	
  properNes	
  
•  Increased	
  later	
  type	
  brown	
  dwarf	
  sensiNvity	
  
• SensiNvity	
  to	
  AGB	
  stars	
  –	
  intermediate	
  ages	
  

(Beaton)  



Summary	
  Wishlist	
  
1.	
  Longer	
  λ desired	
  (e.g.,	
  Ks),	
  w/no	
  Δλ	
  broadening	
  
•  Punch	
  through	
  exNncNon	
  –	
  e.g.,	
  bulge	
  science	
  
•  Increased	
  sensiNvity	
  to	
  dust	
  properNes	
  
•  Increased	
  later	
  type	
  brown	
  dwarf	
  sensiNvity	
  
• SensiNvity	
  to	
  AGB	
  stars	
  –	
  intermediate	
  ages	
  

If	
  λ conNnuity	
  is	
  required	
  for	
  other	
  science,	
  are	
  
	
  split	
  filters	
  an	
  opNon?	
  



Summary	
  Wishlist	
  
2.	
  Possibility	
  of	
  “treasury	
  survey	
  programs”	
  	
  
•  targets	
  of	
  broad	
  interest	
  to	
  MW	
  &	
  LG	
  science:	
  
• Magellanic	
  Clouds	
  
•  Central	
  Milky	
  Way	
  
• M31	
  



Summary	
  Wishlist	
  
2.	
  Possibility	
  of	
  “treasury	
  survey	
  programs”	
  	
  
•  targets	
  of	
  broad	
  interest	
  to	
  MW	
  &	
  LG	
  science:	
  
•  legacy	
  programs	
  have	
  high	
  producNvity/impact	
  

ContribuNon	
  of	
  	
  
Legacy	
  programs	
  	
  
to	
  Spitzer	
  producNvity	
  



Summary	
  Wishlist	
  
3.	
  Some	
  regions	
  with	
  controlled	
  cadencing?	
  
•  Variable	
  stars	
  
•  Asteroseismology	
  
•  Long	
  baselines	
  for	
  astrometry	
  

Bedding et al. (2011) 



Tomorrow	
  

•  Why	
  astrometry	
  ma[ers	
  


