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dispersal of surrounding molecular gas. N-body simulations of stars orbiting in three young model clusters containing
comparable initial masses of sars and gas, and which contain 30, 500, and 3000 stars respectively, are presented. We
find that for solar-mass stars, the total mass acereted is 1-5% of the stellar mass. The average mass accretion rate dM/
dtis roughly 3 x 10°Mayyrin al thre clstny,and vrie roughly as M. The musssereied i insinifont
ympared 10 the star’s mass, but it is comparable t0 or greater than the disk mass. The accretion flow is likely to
g the disk raher han the star the ailonal s flx onio the disk may sigaificanly afec he platesimal and
process. The rates are lower than inyoungsars by fctor of
S50 ndicting tha Nevertheless, th
that it may have a substaniial the formation of p uss a variety of
implicaions o this process. including s effecton th formation oftertestral and gas-giant planets, the il of the Sun,
the migration of extrasolar planets, and metallicity variations between a star and its planets.

Introduction
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However, in massive cloud cores,

as. enabling star formaton to continue. Furthermore, winds

nay increase the urbulent motionsand nternal pressres of th remaiing g5, hereby increasing the tendency to form more massive
stars (Tan & MeKee 2004) stars form,ther intense UV
of st formation by the removal of remaining gas. Soft UV radiation (1. > 912A) il dissociate malecules and heat cloud surfaces,

When masive O and B radintion felds are likely to dominate the termination
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on and the sound speed in photo-fonized plasma. Typically, this fime-scale ranges from 10°to o
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The NGC 133 region n the Prscus Molecular Cloud (Lada et al 1996) provides a good example of s smallcluster that has formed

sbout 150 low to intermedist mass stars within th Lt | - 2 M. Protostellar winds appear o dominate the gas dynamics and may
regulate the rat of sta formation. The Orion Nebula (O'Dell 2001) s the prototypical example of a region that s spasned over 10
stars in a  fow Myr. The dynamics of the gas is now dominated by UV radiarion and winds emerging from the the massive Trapezium
starsat s core. This radiaton may remave most of the gas inthe egion within 0.1 t0 1 My In Orion, solar-mass stars are observed

1o have ages of up 1o 1-2 Myr,significantly older than the 10° - 10° year ages of the massive O and B starsof the Trapezium,
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jar 2004; Bondi & Hoyle 1944). Because the Bondi-Hoyle
M2, acretion s likely to be most important for the most massive and oldest members f  forming cluser
hat spend the longest tme maving through dense gas. This paper focuses
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Seally ct al 2005; Kro 1 2001 Adams 2000; Lad et al 1984). Other modeling has studicd the dynamics of the Bondi-Hoy
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Physical Processes in Model

We consider the following processes n our mod.
BONDI-HOYLE ACCRETION

Bondi-Hoy easis star, We assume

A= (@3 GME Y nm) (e

whete

= local number density of the background gas (determined from N-Body simulaions)
= tellar spee (determined from N-body simulations)

Y
<, = sound speed
NATURE OF THE ACCRETION FLOW
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vast majority of systems will be affeced by Bondi-Hoyle aceretion n this way:

EFFECT OF TURBULENCE ON ACCRETION
Eumion (1) assmes s aminr, -l Bckground s el sarclusrs il o -z e, which il et

theat facxtonaf s, nd anglr et by Krumholz et al (2006) indicates that i cold, dark clouds such as
Taurus, th effect of

INITIAL CLUSTER CONDITIONS

Initalselar postions are randomized within a Plummer potentil, with same disribuion as gas. Intalsellar velocites are
andomised nd iriaized. Stellar IMF i specfed by Kroupa t l (1993, and masses o ot hange dring the . Mesn sl
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STELLAR WINDS

Sillawind . 10° M) can i Bl accrtion, bt syt e et ht he cesion o isrinedappsis e
‘wind dirction. Howevet, winds are non-istropic, while aceretion comes from al directions. Therefore, we ignore winds,altho
il teatment of the wind dynamics may reduce aceretion by up t a factor o 2.

RADIATION PRESSURE

For sl st o presr s st s o, Hower, o mass s, dst enind i e
inflow can be vaparized into a UV nrun\my\ which then s prevented from acereting. Edga (2004 calculate that this
et neghigibe below 10 My We herefor ghore i hs work

N-BODY SIMULATIONS DYNAMICS

The cluser evoluton is modeled using the "NBODYS'code of Aarseth (1999). The code models the posiion and velociy of cach sar
It considersthe ravitational potential of each star, and of the parent gas cloud which the stas orbit
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Velocity

Implications and Applications

. because i ongoing i s tothe disk forseveral
N e he dk b o s accrtion appen e plancaimats and e e o, ot beTot e ek e At Accrered et e sk onhove
a different composition and angular momentum than the orginal disk, and it issccrete over 8 much longer timescale

e propose a number of areas where this process could have substantial impact on the the star, the disk, and planets. We present these as directions for futur research; none
ey e it de

COMPOSITION DIFFERENCES BETWEEN STAR, AND DISK-PLANETS
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The re 1 of tis: can have different composition than the sta. In our own solar system,
Jupiter is enhanced by 3-10x over the Sun in most metals (Atreya ctal 2003), This difference could be explained if the young Solar System disk scerted relativly ‘clean
el ater st of e S Thi w ety matral would be Incorpoated it lance, whils making minmal efec o the compositon of he S, The
mognitude.

FORMATION OF PLANETS

o up o 5x the amount
the first 1-5 Myr. This may increase  dis'slftime, its mass at a given time, or both.
by allowing fo planet formation under a broader range of scenarios, The precise detals remain to be modeled.

he formation of planets, disk during
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MIGRATION OF PLANETS

Gas drag by a disk can cause radial migration of planets. Many planetary ound ost star
reons fbigher densty whr hey e Tomed. Migrion o e s b .3
migration. Photo-evaporation by the centralstar (Matsuyama et al 2003) has
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CIRCULARIZATION OF TERRESTRIAL PLANET ORBITS
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TILT OF THE SUN
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N-Body Results: Accretion in Example Stars
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ACCRETION RATE VS STELLAR MASS:
MODEL

Plotted are instantaneous dM/dt for each of
3000 stars in our ‘Large’ N-body
simulation, at each of 600 timesteps. The
solid line is a fit to the data, with dM/dt ~
M2, The scatter is due to variations in
each star's position and velocity within the
cluster. High mass stars lie slightly above
the line, because they settle to the cluster
core, where velocities are damped and
densities are higher.

Plotted above are orbits for three sample stars in our
Large cluster simulation. We use NBODYS to compute
the stars’ Position and velocity at each timestep. Each
stars’ orbit expands as cluster gas is lost, although most
stars are not lost during our runs. The Distance from
the core determines the local gas density of the
molecular cloud. The density and the Velocity are used
to compute the Bondi-Hoyle accretion, dM/dt. Finally,
the total mass gain, dM, is computed by summing dM/
dt. Most of the mass accretion occurs during brief,
episodic passes near the cluster core, where the density
is highest. Accretion also peaks at apoapse, where the
velocity is lowest. These stars (or their disks) gain 2%,
4%, and 3% of their original mass; in all cases the
accreted mass exceeds the MMSN disk of 0.01 M,
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ACCRETION RATE VS STELLAR MASS:
OBSERVED

Plotted on are observations of Muzerolle ef
al (2005): “+' symbols and solid line. Our
model results are plotted in the three dot/
dashed lines. The computed accretion
rates are consistently ~5-10x too low to
explain the observations. Bondi-Hoyle
accretion may contribute indirectly to
observed accretion, but it cannot be the
sole source of it.

Results

MASS ACCRETION RATES ONTO STAR-DISK SYSTEMS

The s v dislay the i o, acrto i for s sl ars o o Large e, e o he ot clustersars il Typia sl
pussi retion ats for solar-mass 0 1 ighly episodic. The highest
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Best it for the aceretion rate are:

Small: dMA=33 x 107 M) My
Medium: Mt =3.0x 107 (MM_, M_sr
Large: ML= 16 % 107 (MR MLyyr

Fits or the total integrated mass accreted by asta during th simulation are

s ignificant compared t the stllar mass, bt s comparable to the disk mass. Because the disk blocks the accreton flow, most of the mass s
o oo e . Heloented o s o e e e i (TSR ke M, ot el B e o s he
ik may xceed the disk'songiaa mass b several s

CCOMPARISON WITH OBSERVATIONS

Ofservaion ofyoun strs f g sevral Myt v consisenly messred sl cro e whic sl with sl s NG ith Mt = 10 sy o

Solarmassstar. The elaionshi hasbeen Observe i Several undred sars overth mass ange 001 M- sl e &. ot tal 2006; uzerole e al 2005
Aguilr et al 2005). There i a large amount of sater, with values of dVIdt for comparsble values of M varying by 10° fimes. The scatte s intinsi and ot an
observariona effct

Fits o observations of accrtion presented in Muzerole t al (2005) yield:
b AN =21 % 107 (MM P M

Bondi-Hoyle aceretion reproduces the lope of the data (4t ~ M), and it broad scater (~1000), which is an intinsic feature 10 boththe data o the observations. These
trends maich over a facto of close o 100 in stelar mass. However,the observed rates ar consistenly ~S-10x higher than the raes we calulate.

This 4. because the diskto-sta e, while

dispersal arly ot seady-satc.
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explin he observed accretion e oo th sar: However, it may have an on s thatis
Tateracereted onto the sar. The disk acts a5  temporary buffe between these tWo types of acretion
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N-BODY SIMULATIONS
Plotted are two snapshots from our ‘Large’ cluster N-body
simulation, with N=3000. Images are att=0, and t=2 Myr.
The cluster has spread due to gas loss, and due to high-mass
stars settling toward the cluster core. The large circle indicate

the position inward of which 90% of the mass starts.




