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  Herschel 70 160  350  um 

D ~ 400 , M ~ 5 x 104 Mo            Horsehead Nebula       
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      cs ~ (k T / µ mH)1/2

             ~     1 – 3 km/s in PDR
         ~  10 – 15 km/s in HII

x 
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W43 
W51 RSGC1-3 

M17 Wd 2 Wd 1 
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λ = 1.1 mm Bolocam Galactic Plane Survey (BGPS):
             (Aguirre 2010; Rosolowski 2010; Bally 2010)

W43 Giant Molecular Association

W51
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37.1 um   19.7 um   11.1 um 
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37.1 um   19.7 um   19.71 
um 
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31.5 um   19.7 um   11.1 um 
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31.5 um   19.7 um   11.1 um 
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37.1 um   31.5 um   11.1 um 
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37.1 um   19.7 um   11.1 um 
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37.1 um   19.7 um   11.1 um 



24 

20 cm   37.1 um   31.5 um 



Why study the Galactic Center?     
          Nearest super-massive black hole (SMBH)
          Extreme ISM & star formation conditions
                Test �star-formation laws� 
                (Schmidt-Kennicutt relations)
          Only galactic nucleus with resolved stellar pops
          Template for other galaxies 

•    Difficulties
          Extinction
          Edge-on perspective
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Central Molecular Zone (CMZ)
Asymmetry:

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

         2/3 at  POSITIVE longitude, velocity

  24 µm compact sources:  
         2/3 at  NEGATIVE longitude
Note:  torbit ~ 6 Myr r100 pc V100 km/s

-1     (3 to 30 Myr)
    Shear should smear out the CMZ in ~10s of Myr
     => Asymmetric Feeding – or- Violent Feedback?
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Press release of inauguration image: 13 July 2018
            http://www.ska.ac.za/media-releases/ 28 



MeerKAT 1 GHz   70 um   8 um 
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MeerKAT 1 GHz 24 um   8 um 
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MeerKAT 1 GHz  N(H2) from dust (Hi-GAL)  24 um 
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upGREAT 158 um C+ Strips 
N(H2)  1 GHz (MeerKAT)  24 um
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ESelf ~ NcloudGMcloud
2/Rcloud 

      ~ 1053 – 1054 erg 

Echem  ~ 5x107 Mo * 5 eV /mH
             ~ 1053 erg

Some Order of Magnitude CMZ Energies:

Accelerate 30% of CMZ 
 to ~100 km/s ~ 1054 ergs 

103   OB stars => L(UV) t(10 Myr) ~ 1054 ergs 

103   SNe ~ 1054 ergs 

~1054 - 55 ergs 

Cloud self gravity  

Chemical binding  

CMZ to V = 100 km/s  

Stellar UV  

SNe 
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C+ scans of inner CMZ (Langer+ 2017:  GOTC+) 34 



upGREAT 158 um C+: Strip 1  VLSR = -14  -16  -18  

C+ 13CO 
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upGREAT 158 um C+: Strip 1  VLSR = -14  -16  -18  

13CO 

24 um 
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Strip 5a

VLSR =
-18  
-24  
-29  

Strip 5b  

VLSR =
     +18  
     +24  
     +29  

70 um 

70 um 
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Strip 5a

VLSR =
-18  
-24  
-29  

Strip 5b  

VLSR =
     +18  
     +24  
     +29  
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upGREAT 158 um C+: Strip 6  VLSR = +19 +20 +21 

13CO 70 um 
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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 HII Regions associated with 1 GHz or 
     24 um Compact sources
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Galactic Center Bubble => Sofue-Handa Lobe 
                                  => Fermi-LAT Bubble ?

Finkbeiner et al. (2010)

Law et al. (2008) 

3.5 cm
(GBT) 

Sofue-
Handa
Lobe

… or Sco-Cen superbubble
    150 pc from Sun?

2 deg. 
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Enclosed Mass
(Launhardt 2002) 

Low-shear region:
       ρ α R-1

       V α R1/2
 M(<R) α R2
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