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Star Formation

Determines cosmic fate of normal matter

Galaxy formation, Star N _
evoiution, IMF | €= S mmm)p | Conditions for life

Elements ,

Planet formation

N\
GEENY) / l \

Clusters Light, K.E. of ISM

Black holes
(AGN, stellar)




Outline

Introduction:

Massive star forming regions:

Conclusions
Massive Star Formation is in SOFIA “sweet spot”
5 => 100 um, bright objects
Needed SOFIA Capabilities
High-R spectro-imaging or Multi-object spectra
Polarimetry: line, continuum




Isolated (low-mass) Star Formation:
Most born in clusters!

 Giant Molecular Cloud Core

Class I

/
- Gravitational Collapse & Fragmentation ’7‘*% 4

Class 11
* Rotation & Magnetic Fields t »

Class III
« Planets




0.38, 0.65, 0.67 um




HH 46/47




HH 46/47

HST 1994




HH 46/47

HST 1997




Clustered low- intermediate-mass Star Formation

The Perseus Molecular Complex

13CO 2 - 11 km/s




Ha, [SII]

Spitzer/IRAC
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Clustered Star Format




Massive Stars

Multiplicity high

High-velocity run-away stars

Born in clusters

No pre-main sequence phase

Mass Segregation




Multiplicity in the Orion Trapezium

(Preibisch et al. 1999; Schertl et al. 2003;
Weigelt et al. 1999; Kraus et al. 2007)
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Hoogerwert et al.
2001, A&A, 365, 49
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NGC 3603










Infrared view of winter sky (10 - 120 pwm)




30 Dor / Tarantula
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Massive Star Formation

Isolated Monolithic Collapse

Clustered Competitive Accretion

Co-Operative Accretion (in super star clusters)




IRDC / Dust Clump Evolution Sequence

Stage la

Quiescent Clump with »4 Hm point source

Collapse Signature -
Outflow Shocks Produce

"Green Fuzzies"

Quiescent Clump

Stage 2 “Hot Core” Stage 3 Stage 4
/ \-\
- ‘ - g o

Formation of Water £, mation of an UCHII  Diffuse "Red" Clump Young, Embedded
& Methanol Masers Cluster

Cara Battersby et al. (2010)




(G34.43+0.24

= | 1.2 mm MAMBO-2

%

Spitzer/24 um
+ 1.2 mm MAMBO-2
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Orion Nebula, Dust Emission and Associated Sources

NGC 1977 & 42 Orionis

M 43 & NU Orionis

Bright Bar

R: 850 micron; G: 14 micron; B: 8 micron
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2.12 um H, (blue)

11.7 um (orange)

Smith et al. (2005)
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Cunningham (2008)




Gemini N
Laser AO
[Fell]




H, Proper Motions
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I, BN,n
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CISCO (H2 (v=1-0 S(1)) — Cont)
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Source I:
S10

7 mm continnum (H")
BN polarization
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Orbit Decay:

Massive stars orbiting in r-2 sphere of gas
Bondi-Hoyle accretion + dynamic friction => migration of massive *s
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Before formation of non-hierarchical multiple of massive stars



Massive non-hierarchical system of massive protostars. Before dynamic decay



Following dynamic decay



Cepheus A




Cepheus A
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Ceph A precessing jet: P~2x 10° yr ?

—~
(]
O
]
(4|
-

=

D
M)
(]







. *  NGC2071 H, (2.12 um)
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W43
Giant HII region
-mini-starburst

D ~ 5.5 kpc
L>35x10°L,
Meye ~ 1008 M,

Galactic latitude

Ly,c~10°" ionizing y s™!
(50 x Orion Neb.
=> 50 O7 stars!)
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28.700 28.600 28.500 28.400 28.300  28.200  28.100
Galactic longitude




W43 WR-OB cluster
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G30.772-0.209

(G30,684-0.260 —

Green => hot dust
heated by massive
star
Sh2-67 1s in foreground
V. ~ 18 km/s
But, dust rim 1s mostly at
V. ~ 86 - 106 km/s
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W43 Chiminey
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A multi-Spectral ‘'romp’ through the the W43 Region

All images registered
FOV ~ 60 x 100 pc @ 5.5 kpc
The 1mages:
3.6,4.5, 8.0 um (Spitzer / IRAC / GLIMPSE)
24 um (Spitzer / MIPS/MIPSGAL)
70, 170, 250, 350, 500 um (Herschel Hi-GAL)
1100 um (CSO 10.4 m BGPS)
20 cm (VLA / MAGPIS)
BCO (FCRAO 14 m GRS)

blue V-2 km/s
green V  km/s










'8.0um " (Spitzer). .

100 pc @ 5.5 kpc




24 um- (Spitzer)

Run-away star

-




70 um (Herschel/Hi-GAL)

100 pc @ 5.5 kpc




170 um (Herschel/Hi-GAL)
'Z-shaped’ filament

confining IRDCs — T

Cometary clouds T
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100 pc @ 5.5 kpc




250 um (Herschel/Hi-GAL)




350 um (Herschel/Hi-GAL)




500 um (Herschel/Hi-GAL)
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100 pc @ 5.5 kpc




20 cm (VLA / MAGPIS)

Older OB

100 pc @ 5.5 kpc
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BCO V.= 94 96 98 (km/s)

100 pc @ 5.5 kpc
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Adam Ginsburg: NRAO 2008 photo-contest First Prize!
NRAO submission for AAS Calendar, 2009 Feb










The Center of the Milky Way Galaxy Spitzer Space Telescope
NASA / JPL-Caltech / S. Stolovy [Spitzer Science Center/Caltech) SSCi










Galactic Center

350 um SHARC-2
CSO

50 km/s cloud 20 km/s cloud




SOFIA Roles
Current:

FORCAST imaging of MYSOs & embedded clusters
High-resolution spectroscopy of FIR lines
Herschel Hi-GAL bright-source follow-up
Next-Gen Needs (wish list):
Narrow-band, velocity resolved wide-field imaging
Tunable filters, FPs, Slit-scanning

R~10%; A~3-300um
Multi-object heterodyne spectroscopy
R>10%; A~ 3-300 um
Line & Continuum Polarimetry
linear, circular, multi-object, W-FOV
Simultaneous Multi-order spectroscopy
dichroic split, MKIDs, bolometers?




Conclusions

Cep A:

Lessons:

Small-N Dynamics play important roles in massive star formation !

SOFIA: Best instrument to probe SEDs & spectra of MYSOs

Bright, SED peaks @ 10 to 100 um
Velocity Resolved Spectroscopy
Variability (?) => Episodic accretion?










