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Outline

Introduction: Star Formation:
Balance between
Gravity, N-body dynamics, Turbulence, and Feedback

Feedback: outfiows, winds, soft UV, EUV, SNe

Feedback in massive star forming regions:

Horsehead Nebula in Orion
L(LyC) ~ 2x104? ionizing photons s (~2 OB-stars)

W43 ‘mini-starburst’ at the end of the Galactic Bar
L(LyC) ~ 10°] (~10 to 100 OB-stars)

Central Molecular Zone “Blow-Out by Superbubbles”
L(LyC) ~ 103 (~103-4 OB-stars)
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The Orion B molecular Cloud
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C+ CO 3-2 and Ho. in the Horsehead Nebula
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Photo-erosion dynamics

FUV (I > 912 A): PDR heating => Expansion
toward illuminating source

dM/dt ~ umy n(H) x? c

Co~ (KT / pmy)72

~ 1 -3 km/sin PDR
~ 10-15 km/s in HiIl




Location:

Giant Molecular Association:

Giant HIl region:

Triggered, sequential star formation?

‘Up-stream’ from Red SuperGiant Clusters (RSGCs)
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W43

13CO 1-0

13CO 1-0 (BU-FCRAO)
+ TeV gamma-rays

HESS 1848-018




W43
Giant HIl region
mini-starburst

D~ 5.5-7 kpc
L > 3.5x10°L,
MGMCN 106 MO

L ,c~ 10°" ionizing y s

O3 and WR stars
=> age >3 Myr
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(Aguirre 2010; Rosolowski 2010; Bally 2010)

W43 Giant Molecular Association

W51
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WR+O cluster
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19.7 um 11.1 um
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OB stars? 4
OB + WR cluster
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Why study the Galactic Center?
Nearest super-massive black hole (SMBH)

Extreme ISM & star formation conditions

Only galactic nucleus with resolved stellar pops
Template for other galaxies

e Difficulties
Extinction

Edge-on perspective




Central Molecular Zone (CMZ)
Asymmetry:

Dense Gas & cold dust: M ~ 5x107 M, ; AV ~ 30 km/s
<SFR> ~ 0.04 - 0.08 (M, /yr)
(Longmore et al. 2012)

2/3 at POSITIVE longitude, velocity

24 um compact sources:
2/3 at NEGATIVE longitude

Note: torbit ~ 6 Myr 100 ole V100 km/s_1 (3 to 30 Myr)
Shear should smear out the CMZ in ~10s of Myr
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SKA-MeerKAT 0.9 - 1.6 GHz

http://www.ska.ac.za/media-releases/
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N(H,) from dust (Hi-GAL) 24 um




UpGREAT 158 um C+ Strips
1 GHz (MeerKAT) 24 um




Some Order of Magnitude CMZ Energies:
~10°%4->> ergs

Cloud self gravit
10°3-10°%erg J y

1053 erg Chemical binding

CMZ toV = 100 km/s

10°% ergs

103 OB stars => L(UV) t(10 Myr) ~ 104 ergs Stellar UV

103 SNe ~ 10°% ergs SNe
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UPGREAT 158 um C*: Strip 1 Vg = -16 -18
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UPGREAT 158 um C+: Strip 1 V| = -16 -18
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UpGREAT 158 um C*+: Strip 6 V| =+19 +20
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CMZ Conclusions
Bright Narrow linewidth C+ emission
- Foreground PDRs

Broad, dimmer C+ emission
- Arched Filaments& some CMZ GMCs

No bright emission from Sofue-Handa Lobe

Or HIl Regions associated with 1 GHz or

24 um Compact sources




Conclusions

Mid-far IR sub-km/s spectroscopy essential for diagnosing feedback

Orion Horsehead:

Sharp edge-on PDRs
Soft-UV and ionization induced motions

(in mostly neutral gas) has AV ~ < 1 km/s

W43:

CMZ:

C+ dominated by foreground PDRs
CMZ Blow-out not evident in C+ ... likely fully ionized







Galactic Center Bubble => Sofue-Handa Lobe
=> Fermi-LAT Bubble ?

Fermi data reveal giant gamma-ray bubbles

... or Sco-Cen superbubble
150 pc from Sun?

Haslam 408 MHz ’ Haslam 408 MHz minus disk
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Low-shear region:
p o R *
VaR2 57
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