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ABSTRACT
Stars in disks of spiral galaxies are usually assumed to remain roughly at their birth radii. This assumption is

built into decades of modeling of the evolution of stellar populations in our own Galaxy and in external systems.
We present results from self-consistent high-resolution N-body ! smooth particle hydrodynamics simulations of
disk formation, in which stars migrate across significant galactocentric distances due to resonant scattering with
transient spiral arms, while preserving their circular orbits. We investigate the implications of such migrations
for observed stellar populations. Radial migration provides an explanation for the observed flatness and spread
in the age-metallicity relation and the relative lack of metal-poor stars in the solar neighborhood. The presence
of radial migration also prompts rethinking of interpretations of extragalactic stellar population data, especially
for determinations of star formation histories.
Subject headings: galaxies: evolution — galaxies: spiral — galaxies: stellar content —

Galaxy: stellar content — solar neighborhood — stellar dynamics

1. INTRODUCTION

In a universe where mass assembles by accretion of pro-
gressively larger constituents, thin disks of galaxies form during
quiescent evolution following the major merging epoch (Brook
et al. 2004; Robertson et al. 2006). The inner parts, with lower
angular momentum, assemble first, followed by the higher an-
gular momentum components, resulting in “inside out” buildup
of disk material (Larson 1976; White & Frenk 1991; Muñoz-
Mateos et al. 2007). Because gas can efficiently dissipate en-
ergy, its motion around the galaxy is mostly circular. Stars born
in such gas disks are initially on nearly circular orbits, but their
infant kinematic state is highly fragile; nonaxisymmetric per-
turbations such as bars or spiral arms readily drive the orbits
away from circular. Despite the increase in eccentricity, mean
orbital radii are assumed to remain relatively constant. As a
result, interpretations of Galactic and extragalactic stellar pop-
ulation observations invariably make the fundamental assump-
tion that stars remain at roughly their birth radii throughout
their lives. Consequently, this assumption is built into the vast
majority of models of formation and evolution of galactic disks
over the past few decades (e.g., Tinsley 1975; Matteucci &
Francois 1989; Carigi 1996; Chiappini et al. 1997; Boissier &
Prantzos 1999).

Recent theoretical and observational evidence challenges this
static picture. Spirals have long been known to be an important
source of kinematic heating in galactic disks, gradually in-
creasing the eccentricities of stellar orbits (Jenkins & Binney
1990). However, if a star is caught in the corotation resonance
of a transient spiral it may move inward or outward in radius
while preserving the circularity of its orbit (Sellwood & Binney
2002, hereafter SB02). Transient spirals with a wide range of
pattern speeds are present throughout the evolution of the disk.
Different pattern speeds result in spatially distinct locations of
corotation resonances, allowing a star to undergo a series of
resonant encounters in its lifetime, riding the spiral waves
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across large portions of the galaxy while retaining a mostly
circular orbit. Stars born in situ may therefore remain kine-
matically indistinguishable from those that have come across
the galaxy.

In Roškar et al. (2008) we presented first results from our
N-body smooth particle hydrodynamics (SPH) simulations of
disk galaxy formation in which stars migrated radially due to
their resonant interactions with transient spirals. These migra-
tions yielded radial stellar population gradient predictions,
which have recently been observed in resolved-star (de Jong
et al. 2007) and integrated-light studies (Azzollini et al. 2008;
Bakos et al. 2008). In conjunction with our models, these ob-
servational data strongly imply that radial migration is an im-
portant process in observed galactic disks. In this Letter, we
present further analysis of the simulation presented in Roškar
et al. (2008) focusing on the wide-ranging implications of radial
migrations for the observable properties of stellar populations.

2. SIMULATION

The initial conditions are created as in Kaufmann et al.
(2007) and are designed to mimic the quiescent stage following
a last major merger when thin disk formation commences. The
system consists of a spherical dark matter NFW halo (Navarro
et al. 1997) in which we embed a spherical halo of gas with
the same initial profile. The gas halo is initially in hydrostatic
equilibrium. The total mass of the system is 1012 M,, analogous
to a Milky Way–type spiral galaxy, with the baryons contrib-
uting 10% of the mass. We resolve the system with particles610
per component, resulting in initial mass resolutions of 106 and
105 M, for dark matter and gas, respectively. Star particles
form with masses that are a fraction of the gas particle mass,
resulting in typical star masses around 3 # 104 M,. To form
a rotationally supported disk, we also impart angular momen-
tum to the gas component corresponding to a spin parameter
value , as motivated by cosmological N-body ex-l p 0.039
periments (e.g., Bullock et al. 2001). We evolve the system
using the N-body ! SPH code GASOLINE (Wadsley et al.
2004) for 10 Gyr.

Once the simulation begins, the gas cools and collapses to
the center of the halo, forming a thin rotating disk from the
inside out. When the gas reaches densities and temperatures
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et al. (2008) focusing on the wide-ranging implications of radial
migrations for the observable properties of stellar populations.

2. SIMULATION

The initial conditions are created as in Kaufmann et al.
(2007) and are designed to mimic the quiescent stage following
a last major merger when thin disk formation commences. The
system consists of a spherical dark matter NFW halo (Navarro
et al. 1997) in which we embed a spherical halo of gas with
the same initial profile. The gas halo is initially in hydrostatic
equilibrium. The total mass of the system is 1012 M,, analogous
to a Milky Way–type spiral galaxy, with the baryons contrib-
uting 10% of the mass. We resolve the system with particles610
per component, resulting in initial mass resolutions of 106 and
105 M, for dark matter and gas, respectively. Star particles
form with masses that are a fraction of the gas particle mass,
resulting in typical star masses around 3 # 104 M,. To form
a rotationally supported disk, we also impart angular momen-
tum to the gas component corresponding to a spin parameter
value , as motivated by cosmological N-body ex-l p 0.039
periments (e.g., Bullock et al. 2001). We evolve the system
using the N-body ! SPH code GASOLINE (Wadsley et al.
2004) for 10 Gyr.

Once the simulation begins, the gas cools and collapses to
the center of the halo, forming a thin rotating disk from the
inside out. When the gas reaches densities and temperatures



ISSUES 

« Stellar migration 

« Cosmological context 

 



ISSUES 

« Stellar migration 

« Cosmological context 

 

 

 

 

 

 

Figure and models from Romano & Starkenburg (2013)   0
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