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ABSTRACT 

We have used data from the Sloan Digital Sky Survey (SDSS) Data Release 5 to explore the overall structure 
and substructure of the stellar halo of the Milky Way using ~ 4 million color-selected main sequence tum-off 
stars with 0.2 < g-r < 0.4 and 18.5 ~ r < 22.5. We fit oblate and triaxial broken power-law models to the data, 
and found a 'best-fit' oblateness of the stellar halo cia ~ 0.6, and halo stellar masses between Galactocentric 
radii of 1 and 40 kpc of ~ 4 x 108M0 . The density profile of the stellar halo is approximately p ex r-3; it is 
possible that the power law slope is shallower inside 20 kpc and steeper outside that radius. Yet, we found that 
all smooth and symmetric models were very poor fits to the distribution of stellar halo stars because the data - exhibit a great deal of spatial substructure. We quantified deviations from a smooth oblate/triaxial model using 

> the RMS of the data around the model profile on scales 2: 100 pc, after accounting for the (known) contribution of 
"'1" Poisson uncertainties. Within the DR5 area of the SDSS, the fractional RMS deviation a/total of the actual stellar 
o distribution from any smooth, parameterized halo model is 2: 40%: hence, the stellar halo is highly structured. o We compared the observations with simulations of galactic stellar halos formed entirely from the accretion of o satellites in a cosmological context by analysing the simulations in the same way as the SDSS data. While the 
\C masses, overall profiles, and degree of substructure in the simulated stellar halos show considerable scatter, the 
o properties and degree of substructure in the Milky Way's halo match well the properties of a 'typical' stellar halo 
r-­ built exclusively out of the debris from disrupted satellite galaxies. Our results therefore point towards a picture o in which an important fraction of the stellar halo of the Milky Way has been accreted from satellite galaxies. 

> Subject headings: Galaxy: halo - Galaxy: formation - Galaxy: evolution - galaxies: halo - Galaxy: 

>< structure - Galaxy: general 
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1. INTRODUCfION 

The stellar halo of the Milky Way has a number of distinctive 
characteristics which make it a key probe of galaxy formation 
processes. Milky Way halo stars have low metal1icity, alpha 
element enhancement, a high degree of support from random 
motions, and a roughly r-3 power law distribution in an oblate 
halo (Eggen, Lynden-Bell & Sandage 1962; Chiba & Beers 
2000; Yanny et al. 2000; Larsen & Humphreys 2003; Lemon 
et al. 2004; Newberg & Yanny 2005; Jurie et al. 2007). The low 
metallicities and alpha element enhancements suggest that the 
stars formed relatively early in the history of the Universe. Yet, 
there has been disagreement about where these stars formed: 
did they form in situ in the early phases of the collapse of the 
Milky Way (e.g., Eggen, Lynden-Bell & Sandage 1962), or did 
the stars form outside the Milky Way in satellite galaxies only 
to be accreted by the Milky Way at a later date (e.g., Searle 
& Zinn 1978; Bullock, Kratsov, & Weinberg 2001; Bullock & 
Johnston 2005; Abadi, Navarro, & Steinmetz 2006)? 

A key discriminant between these pictures is the structure of 

the stellar halo. In situ formation would predict relatively little 
substructure, as the formation epoch was many dynamical times 
ago. In contrast, current models of galaxy formation in a hierar­
chical context predict that the vast majority of stellar halo stars 
should be accreted from disrupted satellite galaxies (Johnston 
1998; Bullock, Kratsov, & Weinberg 2001; Bul10ck & John­
ston 2005; Abadi, Navarro, & Steinmetz 2006). Theaccumu­
lated debris from ancient accretion episodes rapidly disperses 
in real space (although in phase space, some information about 
initial conditions persists; e.g., Helmi & White 1999), form­
ing a relatively smooth stellar halo. The debris from accretions 
in the last few Gyr can remain in relatively distinct structures. 
Simulations predict quite a wide range in 'lumpiness' of stel­
lar halos, with a general expectation of a significant amount of 
recognisable halo substructure (Bullock, Kratsov, & Weinberg 
2001; Bullock & Johnston 2005). 

Consequently, a number of groups have searched for sub­
structure in the Milky Way's stellar halo, identifying at least 
3 large-scale features - tidal tails from the disruption of the 
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