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The Pandafication of the Local Volume
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Zoom in and show the HST PHAT image, and highlight the size of an actual HST field

Mosaic of 411 HST pointings (7398 exposures)
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APOSTLE Simulations, Sawala et al. 2016

The haloes of MW-like galaxies



APOSTLE Simulations, Sawala et al. 2016

The haloes of MW-like galaxies

Johnston & Bullock 2005



The extreme faint end of the luminosity function

Penarrubia et al. 2008 Ferrarese et al. 2015



The extreme faint end of the luminosity function

Penarrubia et al. 2008 Ferrarese et al. 2015



The extreme faint end of the luminosity function
Reticulum II

Penarrubia et al. 2008 Ferrarese et al. 2015



Setting the context: science in stellar halos
• Key science drivers:


• What is the overall shape of the stellar halo of a large galaxy?

• What is the degree and morphology of substructure in the stellar halo? How is the light in the 

stellar halo distributed between surviving dwarfs, substructure and the “smooth” 
component?


• What is the relation between globular clusters and halo stars?

• Probing the recent accretion/formation history of galaxies



• What is the luminosity function of an entire galaxy sub-group, down to extremely 
faint magnitudes?


• What is the parameter space occupied by dwarf galaxies, and what is their 
spatial distribution?


• Probing galaxy formation and dark matter at smallest scales
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• What is the luminosity function of an entire galaxy sub-group, down to extremely 
faint magnitudes?


• What is the parameter space occupied by dwarf galaxies, and what is their 
spatial distribution?


• Probing galaxy formation and dark matter at smallest scales

• Basic requirements / strategy

• Haloes expected to extend out to beyond 100kpc - large area survey


• wide field instruments essential 
• Low surface brightness - use stars as tracers of light


• deep point source photometry, high spatial resolution essential
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The surrounding of the nearest L* galaxy



The surrounding of the nearest L* galaxy

•The Pan-Andromeda 
Archaeological Survey


•S08B - S10B: 226 hours (41 
nights) (B semesters only) on 
MegaCam in g and i bands


•Builds upon earlier P.I. 
programs by Ibata (S02B - 
S06B) and McConnachie 
(S06B - S07B)


•Ultimately, builds upon INT 
WFC survey of M31 (S00B - 
S05B)


•Total area of ~400 square 
degrees (~15 million cupic 
kpc of halo of M31/M33)



Colour - magnitude diagrams
• Approx 15 million 
stellar objects


•Approx 10 million 
stellar objects 
consistent with red 
giant branch stars at 
the distance of M31


•S/N =10 for point 
sources at g = 25.5, 
i = 24.5

S t a r - g a l a x y 
separation is the 
major limitation of 
this technique from 
the ground





McConnachie et al. 2009, Nature, 461, 66







So what’s next?

• Two obvious avenues:
 (1) Wide field spectroscopy to follow-up on wide field imaging (e.g., MSE)
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So what’s next?

• Two obvious avenues:
 (2) Statistics for  galaxies across a range of mass and morphological type

From the ground, deep 
photometry with good IQ 
(for star - galaxy 
seperation) is difficult for 
all but the Local Group


Centaurus A, 3.6Mpc

Crnojevic et al. 2015



From the Local Group to the Local Volume…

HST

WFIRST

•Ultimate aim to get meaningful statistics for galaxies of all masses, 
morphologies…


• Nearest giant elliptical is M87 at ~15Mpc

• Essentially all other morphological types present within ~10Mpc (869 galaxies 
within 11Mpc or VLG<600km/s; Karachentsev et al. 2013)
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Going further with WFIRST



Going further with WFIRST

Hundreds of targets at 
PAndAS depth
Nearest galaxy groups 

(inc. L* galaxies)

Local Group / M31




Go big or go home

45’

23’



Go big or go home

13 kpc

7 kpc

At 1Mpc:



Go big or go home

52 kpc

27 kpc

At 4Mpc:



Go big or go home

130 kpc

70 kpc

At 10Mpc:



M101 (7.4Mpc)
• HST coverage is patchy even for 

more distant nearby galaxies



M101 (7.4Mpc)
• HST coverage is patchy even for 

more distant nearby galaxies
• WFIRST solves that problem
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• The global stellar content of galaxies provide uniquely powerful ways of 
probing the formation, evolution, and structure of galaxies across all 
masses and morphologies 
• Stars as tracers (although a vast array of stellar astrophysics is 

possible with these data as well)
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• Observations of the nearest galaxies demonstrate that stars are found 
out to vast distances from the centres of galaxies, and are the most 
direct means of tracing galaxies on these scales
• For a global understanding of galaxy structure, need to trace L* 

galaxies to >>100 kph
• Direct tests of hierarchical formation scenarios, galaxy formation at 

the low mass end, dark matter halos on the smallest galactic 
scales…
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• For a global understanding of galaxy structure, need to trace L* 

galaxies to >>100 kph
• Direct tests of hierarchical formation scenarios, galaxy formation at 

the low mass end, dark matter halos on the smallest galactic 
scales…

• WFIRST combines field of view with HST-esque resolution - an 
unprecedented tool for galaxy archaeology in the Local Volume


