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Our Galaxy in Stars, Gas, and Dust




§ 5.1 XK (Interstellar Gas)

1. 2R (interstellar medium)
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2. £ FRAAK (interstellar gas)
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Basic Types of Gaseous Regions

Cold, dense molecular gas (T = 20 K, n > 1000 cm™3): these
clouds contain most of the mass of the ISM, but occupy a very
small relative volume because they're so cold and dense.

Cold gas (T =100 K, n = 20 cm-3): these clouds of primarily
neutral atomic gas occupy about 3 times the volume of the colder
clouds above.

Hot neutral gas (T = 6000 K, n = 0.3 cm™3): this gas surrounds the
colder clouds and occupies about one fifth of the total ISM
volume.

Hot ionized gas (T = 8000 K, n > 0.5 cm™3): this gas surrounds
hot stars and consists mainly of ionized hydrogen (i.e. protons).
Very hot medium (T = 10° K, n = 0.001 cm3): this medium,
heated by shock waves from supernovae, occupies most of the
volume of the ISM.




3. ® B H= eI ——A& 4+ 2 = (emission nebulae)
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The Rosette Nebula: True Color and Emission

Line Images
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5.9 M HZ &4 L H/J& 212 k2%
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Gas Distribution in the Galaxy
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® 4T = (molecular clouds)
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The Dark Molecular Cloud Barnard 68
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Gilant Molecular Clouds

A cloud with a diameter of
~300 light years.

Temperatures ~ 20 K,
number densities~ 100-300
cm=, masses ~ 10° M.
Only about 10% of the
cloud will be in clumps

dense enough for stars to
form.

Giant molecular clouds last
for 10 to 100 million years

before they dissipate.




7. =R &AM (intercloud gas)
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§ 5.2 EFR4IR (Interstellar Dust)
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Interstellar Extinction and Reddening
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® 1% 2 = (dark nebulae)
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4. LRI AR

TR I VAR BB A SN 4T,

b IRA T LA R R4 0 e, R T vA X %] ~100
K, At sa4t.

¢ &

B A AN AVAVA AT R N AN AV AVAVAATILT
B I Vv U X G B ! v U X G

¥ % 2 = (Rho
Onhitich )




Inside the Elephant's Trunk




§ 5.3 [BEE VIR 1BiREY
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Effects against Gravity

® Galactic tidal forces (on

galactic scales).

Magnetic field lines
: YT A A

@ Rotation, turbulence t L1 “

and magnetic fields (on | jJ ="r
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(3) H /& 12 £ (fragment/protostar)
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(4) & 12 Z (protostar)
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(5) £/ 7] £ (pre-main-sequence

star)
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Infrared/Submillimeter Young Stellar Object Classification
fLada 19E7 + Ardré, Ward-Thompson, Barsony 1993)
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(6) E# £ /5 (zero-age main-
sequence star)
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Angular Momentum Problem

® The amount of angular momentum (AM) in a
typical star forming cloud core Is several
orders of magnitude too large to be contained
INn a single star

® Two possible ways to dispose the excess AM

e AM Is transported to outlying diffuse
material in an accretion disk.

e AM goes into orbital motions of the stars In
a binary or multiple system.



Formation of Binary and Multiple Systems

® Theoretical and numerical
work has suggested that
formation of binary and
multiple systems is the usual
result of collapse with
rotation, while the formation
of single stars occurs only In
special cases.




Formation of Massive Stars and Clusters

® Massive stars have masses that are much larger than
the Jeans mass in the cloud cores where they form.
—>The large cloud cores might contain many small
bound clumps.
—>These cores might form groups or clusters of stars.

NGC 3603



Formation of Massive Stars and Clusters

Dimensions: 82500, AU

® Intense radiation
emitted by a massive
accreting protostar can
produce feedback
effects on the infalling
envelope that limits
continuing accretion.

@ Portostellar interactions
(e.g. mergers) may play
an important role in
formation of massive
stars.

-1.0 -0.8 -0.6 =0.4 =0.2 0.0
Log Calumn Density [g/em’] Matthew Bate




#54% Z (brown dwarfs) — Failed Stars

® Masses < 0.08 M (10M;- 84 M,)
® Central temperature < 3 million K
® Surface temperature ~ 1000 K

Brown Dwarf Gliese 229B

Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
October 27, 1994 November 17, 1995

PRC95-48 - ST Scl OPO - November 29, 1995
T. Nakajima and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA




Brown Dwarfs - Failed Stars

Z arcsec
Af—————

TWA 5 and its brown dwarf companion in
Infrared (left) and in X-ray (right).




@ Differences between brown dwarfs and
planets
e Planets are smaller and lighter
e Planets have a solid core
e They are formed in a complete different way

Brown Dwarf Planet
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Protoplanetary disk of gas and dust.
— The dust grains accumulate into planetesimals.

— The planetesimals keep growing, eventually becoming
planets.




& Millions of planetesimals remain outside of Neptune’s
orbit as pristine icy bodies

® They are the source of short period (<200 years)
comets

Pluto

-

e Y

100 4.U. 354U Kuiper Belt




Existing capability —e—
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Planet Detection Methods

Michael Perryman: Rep. Prog Phys, 2000, 63, 1209 (updated Aug 2002)
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® More than 100 planets are known outside our
solar system.

Extrasolar Planet Mass Distribution
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Occurrence of Planets Correlates with
Stellar Metalicity

Flanet Occurrence Depends on Iron in stars
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NICMOS

WFPC2

Orion Nebula * OMC-1 Region
PRCO7-13 - ST Scl OPO « May 12, 1997 Hubble Space Telescope

R. Thompson (Univ. Arizona), S. Stolovy (Univ. Arizona), C.R. O'Dell (Rice Univ.) and NASA
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Massive Stars of Tarantula Nebula (30
Doradus)




Naked Newborns

Spatial distribution of new T Tauri stars in Chamaeleon

10:00

8:00

T Tauri stars discovered with follow-up observations of ROSAT All-Sky Survey sources:

©310° yrsold ®10° yrsold 310 yrsold @107 yrsold () age unknown

Red lines are 100 um infrared contours (IRAS), i.e. the star forming clouds.
Small black dots are previously known classical T Tauri stars, all on-cloud.




Gas Pillars in M16 - Eagle Nebula




Galactic Baby Boom

NGC 7673
NGC 604

N159 in LMC
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Jets from Young Stars HST - WFPC2

PRC95-24a « ST Scl OPO - June 6, 1995
C. Burrows (ST Scl), J. Hester (AZ State U.), J. Morse (3T Scl), NASA

HHI1l - HST




Gas Outflows from Young Stars

XZ Tauri HH 30
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