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Molecular clouds vs. high energy radiation

1) CO-TeV gamma rays correspondence, hadronic process
      [HESS1745, Hayakawa et al. 2012 PASJ in press]
2) CO-X rays correspondence, good
 -- Cosmic ray acceleration in CMZ, 
      [SNRs or 2nd order Fermi, Amano+ 2011 PASJ in press]
3) CO-radio lobe correlation, possible
4) Origin of vertical high-b features, star formation or Parker 

instability
      [Fukui et al. 2006, Science 314,106 ]
5) High mass stars: Cluster formation and isolated high mass 

star in the dense foot points, triggered by cloud-cloud 
collision; 

     Sgr C and Sgr B2 and ~ 30 high mass stars
       [e.g., cloud-cloud collision in M20, Torii et al. 2011 ApJ 

738, 46]
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Molecular halo of the CMZ

• CO is the best tool to probe dense gas, small 
A10 coeff. 

     CO only is sensitive to low density 
molecular gas (several x 100 cm-3)

• CMZ halo of 10^6 Mo over the CMZ  
    [talk Kazufumi Torii] 
• Molecular clouds toward DHN above Sgr A* 
    [talk Rei Enokiya]  
• High z of 200pc requires “wind” from the 

CMZ. Possible connection with the wind by 
magnetic or stellar activity
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NANTEN2 
4m sub-mm telescope

Atacama 4865m
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GC TeV gamma rays vs. 
CO







Hayakawa et al.  
2011
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Black: CO J=1-0,  Red: Suzaku 5-8 keV



No SNR, Large turbulence
2nd order Fermi acceleration in the Galactic 
centre

Amano et al. 2011
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E. N. Parker 1966
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Molecular loops 1 & 2
(Fukui et al.2006)

Vlsr : -180~
           

-90km/s

Loop 1

Loop 2

Vlsr : -90~
              

-40km/s

We were able to find these 
molecular loops in the galactic 
center due to large range and high 
resolution imaging by using 
NANTEN telescope.
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Loops’ foot 
point has a 
broad velocity 
dispersion.

 (~40km/s)
Total mass： 
　~106  Msun



U shape of foot point
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U shape of foot point
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LVG analysis – Results – 
•Typically T ～30-50 K, n～103 /cm3

•Broad emission :  > 100 K
•Magnetic reconnection may offer a 
possible mechanism for the hot and 
broad gas component. 
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U/L shapes of foot points

Kudo et al. 2010, Torii et al. 2010b, Fujishita et al. 2009
Takahashi et al. 2009
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L=5.5 degree L=3.0 degree
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Cloud-cloud collision scenario
• A collision between two clouds trigger the 

star formation of the central O7.5 star (Torii 
et al. 2011)

• Same scenario as Westerlund 2 (Furukawa+09; 
Ohama+10)

30km/s



Cloud-cloud collision to form O star in 
M20
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Torii et al. 2011 



Cloud-cloud collision to form O star in 
M20
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Mauerhan et al. 2010
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Formation of Magnetic Loops and Tower 
in the Galactic Centre

Machida et al. 2009 
Global 3D MHD 
Simulations of Galactic 
Center Gas Disks



Molecular halo of the CMZ

• CO is the best tool to probe dense gas, small 
A10 coeff. 

     CO only is sensitive to low density 
molecular gas (several x 100 cm-3)

• CMZ halo of 10^6 Mo over the CMZ  
    [talk Kazufumi Torii] 
• Molecular clouds toward DHN above Sgr A* 
    [talk Rei Enokiya]  
• High z of 200pc requires “wind” from the 

CMZ. Possible connection with the neutral 
wind by magnetic or stellar activity
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Parker instability in the nuclear disk
(Machida et al. 2009)

left）　Blue surface：　volume rendered image of the gas density 
Curves：　Floating magnetic loops. Color depicts vertical velocity from 
minus to plus: blue – white –red. 
right）　Enlarged figure of the left panel. 　Curves are same on the left 
panel.
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Parker instability in the nuclear disk
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U/L-shapes of foot points
      
Loop1/2

Loop 3
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Loop 2



The Galactic center; loop papers
Observations
• Fukui et al. 2006 Science 314, 106 [loops1 & 2]
• Fujishita et al. 2009 PASJ 61, 1039 [loop3]
• Takeuchi et al. 2010 PASJ 62, 557 [star formation]
• Torii et al. 2010a PASJ 62, 675 [loop 1-2 CO7-6….foot point]
• Torii et al. 2010b PASJ 62, 1307  [loop 1-2 CO1-0]
• Kudo et al. 2010 PASJ 62, in press  [loop 1-2 CO3-2/2-1] 
• Riquelme et al. 2010 AA
    [shock tracers SiO, HCO+, etc.]
MHD theories
• Machida et al. 2009 PASJ 61, 411 
    [3D numerical simulation]
• Takahashi et al. 2009 PASJ 61, 957 
    [2D numerical simulation]
Collaborators
Torii,K., Kudo, N., Kawamura,A., Yamamoto, H.,+  +
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Solar corona Molecular loops 1 & 2 （Fukui et al. 2006）

Two loop like structures
in CO 1-0

Foot points with large
velocity dispersion (~40km/s)



(Dobashi+01) 

M20



Vertical distributions

Black: CO J=1-0,  Red: Suzaku 
5-8 keV
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