The Early Stages of Star
Formatton

di;z,zfe — August;265.2002









- - ' ' .’" e N P 3 0 “ .‘. e 2 ‘~ ."‘.
.\"-.. .00. ? .. " - . a 'y X % s I S .‘r'J . '.
o > : . ™ - ooy " % z - v N

- o’ ‘ .. . p°! o < 3 '4. .‘.‘ .' _ ".. .

‘a

; 0 M1crowave search from 500 MHz to 11 2 GHz
' 'L"?-»--G o '_'- ‘:'B&y "'».' Ko ‘,.' ;3 '

.\‘
o."

S

1000}

Son-thermal
» Background

=
=
)
s
ol
]
o
o
s

H||{}H

27K Cosmic
H.m_ks,nmmi

L1 |\

11l
v i(iHz)







Detectablhty ofthe Solar System

o R LA R PreC|S|on 3m/s

. e ‘ | D ’ . ’. Pt 4n o

| S|mulated Doppler Velomty of the Sun

° l

)
B
E
>
=
)
O
)
>

30 40 50 60 70 %
Years




Extrasolar Planet Mass Distribution
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Histogram of Semimajor Axes
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Approach the question in the following
way: 1f we can understand how

planets (and solar type stars) form, we
can ask how variable are the conditions

in which they form. So, we wish to
examine the physics and
phenomenology of star and planet
formation.

Find regions where stars are known to be forming.
















All stars from in molecular clouds
There are no known exceptions

Most stars form in the most massive clouds

e Molecular clouds are overwhelmingly molecular
rather than atomic.

e Molecules are > 99% H,; next most abundant
molecule is CO at 10-* abundance of H,.

e They contain about 1% in solid dust particles by
mass. This 1% is very important because it’s what
makes terrestrial planets.

e They are very cold ~10 K away from sources of
heating.

e H, cannot generally be directly detected, so use
surrogates such as CO, HCN, et al.

e More than 100 molecules have been detected in
interstellar space.
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All stars from in molecular clouds

Most stars form in the most massive clouds

Molecular clouds are self-gravitating.
Internal pressures exceed external pressure by
order of magnitude.

To form a solar mass star by means of a
gravitational instability requires very cold
gas — so cold that the gas must be molecular.

We may think of the instability as a race
between pressure (sound) waves and gravity.

M; ~ T3/2
M; ~ pt/2




All stars from in molecular clouds

Most stars form in the most massive clouds

How different are GMCs from one another,
especially in different environments?

How well does a tracer such as CO trace out
total molecular mass?




For a Complete survey of Giant Molecular
Clouds need to observe another galaxy
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Cheng et al. (1993)
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Compare V|r|al (graV|tat|onaI) e - Local Group

¥ and CO (luminous) masses of [& j b
B2 clouds : _ |
] The ratio of masses does not [ : . :
# change with heavy element |38 ]

abundance

The conversion factor is
Indistinguishable from that
found in the inner Milky Way

The conversion factor Is §
Independent of external B 01l
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NGC 4214

Wilson 1995
This work

Mizuno et al. 2001 (priv. comm.)
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M GMCs are self gravitating.
" Internal pressures exceed surface pressure by an
order of magmtude

§ Statistics suggest that they are all drawn from the
| same population, regardless of external pressure and

Self gravltatlng GM CS are remarkably
similar to one another
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: 'Edge-On Protoplanetary Disk
Orion Nebula

"~ | PRC95-45¢ - ST Scl OPO - November 20, 1995
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A rotating infalling disk around the young stellar object L1489 IRS
imaged at 267 and 89 GHz with the Berkeley-Illinois—Maryland Array
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‘ Essentlally all stars
dare born with

circumstellar disks

2 and the potential
g to form planetary

A systems!!
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a dark cloud

{

dense core

€-200,000 AU—»|

d T Tauri star

' bipolar
flow
A 4
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central
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C protostar
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flow

b gravitational collapse
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& Roughly 50% of stars
that have one planet

eventually reveal a
second planet.




Disk-Planet Interactions can lead to orbital migration -

f?

/ Geoff Bryden and Doug Lin (UCSG
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