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| Overview of Star Formation

e Molecular Clouds
e Cloud Cores

e Protostars

e Outflows/Infall

i Studies with the mm ATCA

e Protostar searches (mm continuum)

e Protostellar Cores (NoH™) - Clusters

e Infall (HCO™ 1-0, CS 2-1)

e Outflows (SiO, 7CO 1-0, NH3)

e Protoplanetary Disks (}3CO, C180, chemistry)

e QOutflows/Disks in High-Mass Protostars

Resources



Molecular Clouds

Properties

e diameter 10-100 pc

e mass 10*° Ma

e density 10-300 cm 3

e temperature 10-30 K

e line-width 5-15 kms™! (30 K only 0.2 kms™1)
e magnetic field ~ 30 uG

e nearby clouds appear as dark clouds

Examples: Orion Ophiuchus Taurus Coalsack

Consequences

e MC are gravitationally bound Av? ~GM/R
e cannot be in free-fall — SF rate 250 Mg /yr
e Av ~ vy — global support?

Star Formation in Molecular Clouds

e All stars form in Molecular Clouds

e uneven distribution - “groups/clusters” & isolated
e clumpy - youngest stars found near the densest
clumps



Orion Constellation: As you see it Orion Constellation: As 1.2 m sees it
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| Cloud Cores = “Dense Cores”

Properties

e diameter 0.1-0.5 pc

e mass 1-10 M@

e density > 10* em™3

o line-width 0.3-1.0 kms™!

(all the above depend on the tracer used!)

e temperature 10 K (15 K)

oz, ~ 107

e aspect ratio 1.5-2

e 30-50% assciated with a young star (IRAS)

Examples: B335, L1544, BHR 71, TMC-1; NGC 1333, Serpens

Tracers

e NH3 (1,1) & (2,2) at 23.7 GHz (13mm)
e CS 2-1 at 97.9 GHz (3.1 mm)

e NoH™ 1-0 at 93.7 GHz (3.2 mm)

e HCO™ 1-0 at 89.1 GHz

e dust emission mm/sub-mm



L1544 - Tafalla et al. 1998
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| Cloud Cores = "Dense Cores”

Consequences

e virial balance - gravitational potential E = KE

e “thermal cores” — line widths thermally dominated
- ignore turbulence in models

e “turbulent cores’ — turbulent motions provide sup-
port against gravity (but what is their origin?)

e cosmic ray ionization is sufficient

e ions andneutrals are well coupled

e line-widths similar with or without star - external
excitation

e turbulent cores contain more stars, and are more
likely to contain a star (Taurus — thermal, 50% stars;
Orion — turbulent, 90% stars, many with groups >5
e turbulent cores are larger (factor 2) — greater
mass

e turbulent cores are warmer (15-20 K v 10 K) even
for starless cores
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Young Stellar Objects - YSOs

Classification

e youngest YSOs hidden from view - IRAS
e classification schemes based on SED
— slope in IR
(Lada 1987; André, Ward-Thompson & Barsony 1993)
— flux weighted frequency T},
(Myers & Ladd 1993; Chen et al. 1995)
e Protostars - Class 0 and |, T}, <650K
still accreting bulk of material
e Pre-Main-Sequence (PMS) stars - Class Il & Il
Class || = T Tauri stars still accreting through disk

Class Ill = weak-line TTS, remnant disk
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a) dark clood cores b) gravitational collapse

ices (Hy O, €O, CO3)

depletion
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Young Stellar Objects - YSOs

Outflows (and jets)

e ubiquitous - Class 0 and |

e Class 0 - highly collimated and more energetic

e release of gravitation energy - details unknown

(e.g., X-wind - Shu et al.

Disk-wind - Konig

& Pudritz 2000)

e observed as wings in molecular line spectra

e energetic enough to disrupt cores

e impact on dynamics of GMCs (multiple sources)

(enough to provide support to clouds?)

e chemical effects - shocks, high-T

s this the way protostars

(i) remove angular momentum?

(i1) stop the main accretion phase?




CO (1-0) and 1.3 mm continuum
overlayed on I band image
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Evolution - Collapse

Theory

e cores evolve (contraction/collapse) to form stars
HOW??

e “standard model” (Shu et al. 1987 ARAA)
(i) contraction via ambipolar diffusion n oc 72
(i)) gravitational 'inside-out’ collapse (SIS)
e other extreme Larson-Penston (1969)
fixed outer boundary, uniform density
e intermediate configurations e.g., Bonnor-Ebert Spheres

isothermal with density contrast (Foster & Cheva-

lier 1993)

e all solutions go to v(r) oc 70



Evolution - Collapse
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Evolution - Collapse

Observations

e 30% Class 0/ show infall
(Mardones et al. 1997; Gregersen et al. 1997, 2000)
Tracers HCO™, CS, HoCO (NpH™ as thin tracer)

e ‘standard model” reasonable fit to data

e 10% starless cores show extended infall in CS 2-1
(Lee, Myers & Tafalla 1999, 2001)
HUH?
— too extended for standard model - no central
source
— too fast for ambipolar diffusion
— depletion a problem (CS) - not tracing high v?

— loss of turbulence?? Nakano 1998
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ATCA-mm — Continuum

Protostars - Envelopes, Disks and Multiplicity

e SIMBA (1.3mm) will discover lots of protostars
o resolution only 23" (IRAS only 1')
e ATCA at 3mm continuum will be able to

— resolve close systems

— find compact structures (disks)

— resolve large disks (e.g., circumbinary disks)

e classify multiple systems as (Looney et al. 1998 529 477)

(i) independent envelopes (>6000 AU)

(ii) common envelopes (150-3000 AU)

£J50
(ii) common disks (£56=3668 AU) circumbinary
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The double core in CB230

NIR (K) + N,H'(1-0) + 1.2mm cont.
. ! ) L T I ¥ I T

2 Ralf Launhardt
Caltech (OVRO}, 4,/2000




ATCA-mm — Cores

Protostellar Cores — Clusters and Isolated

e SIMBA (1.3mm) will observe many cores
e resolution only 23" (IRAS only 1)

e mm ATCA will be able to
Di Frameesco {Gﬁ'ﬂh)
» — resolve cluster members (cont.)

— find starless dense cores (line — NH3, NoH™)
eﬂ.&rfans (ld;[lfnm iﬂfﬂ)

— kinematic information

+ — outflow identification (CO?)
(1 filters put Jﬂrjc seadt mwk)
A Southern Survey for Dense Cores.....

ATCA at 1.3 cm (NH3) + Parkes FPA at 1.3 cm

(22-m + 44-m perfect for uv plane combining)
e Map with unprecendent resolution and sensitivity

e Obtain both density and temperature information

with NH3 (1,1) & (2,2)
(water masers )



204  G. Engargiola and R. L. Plambeck (Ztrm& I‘I‘Iﬂ)

RA (J2000)

NGC1333 — CO 1-0; contour interval 0.8 K, lowest 1.6 K
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Fig. 4: Redshifted (11< VLSR < 19 km/sec) and blueshifted (-3 < VLSR < 5 km/sec) CO 1-0 line
wings toward NGC1333, the result of a BIMA 44-field mosaic. The outer box is 6’ x 9. The synthe-
sized beam is 7" x 6”. The contour level is 1.6 K. The rms noise level is approximately 0.4 K within the
dashed contour.



ATCA-mm - Infall |

Infall on Small Scales

e problem with infall prototype B335 (CS 5-4)

e probes the smallest scales

e inverse P-Cygni profiles - a winner (but rare )

e HCO™ 1-0 excellent - sensitive

e real test of theories - models differ in their details
— non-LTE radiative transfer codes

e infall wings - high velocities - not yet seen...

— need a non-outflow sensitive tracer - NoH™

A_Iiey_Area?Star Formation Studies
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AT CA-mm — Outflows

3 and 13mm
e CO 1-0 very important - will ATCA-mm do it?

e others — Si0O v=0 2-1, CS 2-1, CH30H at 3mm
— shock tracers - chemistry

e NH3 (3,3) at 13mm also a good probe (L1157)

e combine AAT 2.122 um imaging - shocks, jets
e regions - p Oph, RCrA, Circinus
— AAT IRIS-2 mosaic + ATCA mosaic (CO)
— Mopra CO 1-0 (SEST CO 1-0/2-1)
— Can outflows support clouds?

Replenish turbulence?

Could be a good PhD project
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ATCA-mm — Disks

3 and 13mm
e CO 1-0 very important - will ATCA-mm do it?

e 13C0 1-0, C!30 1-0
e others — HCN 1-0, CS 2-1, HCO™ 1-0 NoH™ 1-0

at 3mm

— Blake, Wright, Maddison

e chemistry - probe different regions of the disk

e kinematics - rotationally support or not (pseudo
disk)

e filter out the extended envelopes - only see disk

— Chamaeleon, Lupus, TW Hyd, n Cham

Disks mean Planets







ATCA-mm — High-Mass Protostars

Does the low-mass paradigm hold for high-mass

stars?

e satisfy Wood & Churchwell 1989 (UCHII via IRAS)
e bright at FIR wavelengths
e not detected in PMN survey (5 GHz)

e are detected in CS 2-1 survey (Bronfman et al.

1986)

‘Isulated and Pre-UCHII High Mass Protostellar Objects

— ATCA cm - continuum and methanol masers
— ATCA mm - outflows, disks (line)

13mm system very important - hot cores, disks/jets
— ATCA mm - multiplicity (continuum)

— AAT infrared - low-mass clusters?

Looking for a student (CfA Predocs...)
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Design Concept A

B 19 beam, 2 polarisation

I Traditional total power,
under—sampled array

Im Spectral capability using existing
ultibeam correlator

st ~$1.5M + $0.6M
anpower)

Design Concept

rﬂ) x 10 diagonal horn array, 1 polarisation
mNyquist-sampled ( x=f /2) at focal plane

EHardware beam formation + expanded correlator
®Multi-telescope capable (Pks, Mopra, Ceduna, GBT, Bonn)

®Cost ~$1.9M + $0.6M
1




IAU Sydney 2003 — Star Formation

High Angular Resolution in Star Formation

With support from IAU Division VI/Commission 34
Star Formation Working Group
(http://www.oan.es/sfwg/)

Tyler Bourke (tbourke@cfa.harvard.edu)

Harvard-Smithsonian Center for Astrophysics

Michael Burton (mgb@newt.phys.unsw.edu.au)
Univ. New South Wales

Ray .Iaya wardhana (rayjay@astron.berkeley.edu)
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Bring your geat results from the mm ATCA!
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