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ABSTRACT 
We present a detailed analysis of the dynamical and photometric properties of a disk galaxy simulated in 

the A cold dark matter (ACDM) cosmogony. The galaxy is assembled through a number of high-redshift 
mergers followed by a period of quiescent accretion after z ~ 1 that lead to the formation of two distinct 
dynamical components: a spheroid of mostly old stars and a rotationally supported disk of younger stars. 
The surface brightness profile is very well approximated by the superposition of an Rl/4 spheroid and an 
exponential disk. Each photometric component contributes a similar fraction of the total luminosity of the 
system, although less than a quarter of the stars form after the last merger episode at z ~ 1. In the optical 
bands the surface brightness profile is remarkably similar to that of Sab galaxy UGC 615, but the simulated 
galaxy rotates significantly faster and has a declining rotation curve dominated by the spheroid near the cen­
ter. The decline in circular velocity is at odds with observation and results from the high concentration of the 
dark matter and baryonic components, as well as from the relatively high mass-to-light ratio of the stars in 
the simulation. The simulated galaxy lies ~ I mag off the I-band Tully-Fisher relation of late-type spirals but 
seems to be in reasonable agreement with Tully-Fisher data on SO galaxies. In agreement with previous simu­
lation work, the angular momentum of the luminous component is an order of magnitude lower than that of 
late-type spirals of similar rotation speed. This again reflects the dominance of the slowly rotating, dense 
spheroidal component, to which most discrepancies with observation may be traced. On its own, the disk 
component has properties rather similar to those of late-type spirals: its luminosity, its exponential scale 
length, and its colors are all comparable to those of galaxy disks of similar rotation speed. This suggests that 
a different form of feedback than adopted here is required to inhibit the efficient collapse and cooling of gas 
at high redshift that leads to the formation of the spheroid. Reconciling, without fineotuning, the properties 
of disk galaxies with the early collapse and high merging rates characteristic of hierarchical scenarios such as 
ACDM remains a challenging, yet so far elusive, proposition. 
Subject headings: cosmology: theory - dark matter - galaxies: formation - galaxies: structure ­

methods: numerical
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1.	 INTRODUCTION individual galaxy systems. These features underlie most 
morphological classification schemes, and accounting for When the photographic plates of extragalactic nebulae 
their origin, for the statistical distribution of galaxies among were first systematically examined in the early 20th century, 
classes, as well as for their dependence on intrinsic proper­it became clear that, despite their unquestionable individu­
ties (such as luminosity and rotation speed) and environ­ality, galaxies share certain regularities in their appearance 
mental properties (such as clustering) has become one of thethat make it compelling to organize them into a few broad 
holy grails ofgalaxy formation studies. morphological classes. The Hubble sequence (Hubble 1926) 

Within the current paradigm of structure formation there summarizes this early taxonomical attempt and identifies 
is a well-specified scenario for the occurrence and evolution several key morphological features (spheroid, disk, bars, 
of such morphological features and, in particular, for the spiral patterns) whose relative prominence conveys a wealth 
origin of the spheroidal and disk components. In the sim­of information regarding the formation and evolution of 
plest version of this scenario (perhaps the only one that one 
might be able to rule out conclusively), most stars in the uni­
verse are envisioned to form as a result ofdissipative settling 
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Argentina. This idea is motivated by the observation that star-forming 
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