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 Central Part of the Milky Way
• Kruisen, J.M.D., Longmore, S.N.,      

Elmegreen, B.G., Norman, M., Bally, J.,    
Testi, L., Kennicut Jr., R.C.:                                                       

• What controls star formation in the central   
500 pc of the Galaxy,                                         

• MNRAS 440, 3370- 3391, 2014;  
• and the references there.



 Central Part of the Milky Way
• X1 -  X2 orbits in the gravitational potential of 

the bar;  
• Large scale outflows: Fermi bubbles;

• Central Molecular Zone:                                            
100 - 300 pc, 6 -7 10^7 Msun, T = 50 - 500 K; 

• Circum Nuclear Disk: 1 - 5 pc; 
• Nuclear Star Cluster: a few - 10^7 Msun; 
• Accretion disk - feeding - low: 5 10^-9 Msun/yr; 
• Supermassive Black Hole: 4 10^6 Msun.



MeerKAT HI in the MW center 
Heywood et al. 2019,  

Nature, 573,235 





 Central zones

• 100 - 10 pc: Central Molecular Zone; 
• 10 - 1 pc: Circum Nuclear Disk; 
• 1 - 0.1 pc: Nuclear Star Cluster; 
• below 0.1 pc: Accretion disk; 
• Supermassive Black Hole: 4 10^6 Msun.



Supernovae inside the Zone:  
10 - 1 pc

Do they redistribute the mass and 
angular momentum?







FLASH  
grid-based hydrodynamical code

- Piecewise Parabolic Methods with time-step 
controlled by Courant-Friedrichs-Lewy criterion 

- equilibrium radiative cooling using prescription of 
Schure et al. (2009)  

  1D - 2D - 3D  



The Thin Shell Approximation

• Kompaneets (1960), Bisnovatyj-Kogan & 
Blinnikov (1982); 

• Tenorio-Tagle & Palouš (1987), Ehlerová & 
Palouš (1996), Silich et al. (1996) and others.



FLASH prepares for RING

stellar winds & mass loading  
inside of NSC of 0.5 pc radius 
sources providing energy and 

momentum 
sources providing mass for loading
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Rotation & Gravity in 
homogeneous medium 

R0 = 5 pc, z0 = 0 pc
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Conclusions:  
SN in the homogeneous medium 

Palouš, Ehlerová, Wunsch & Morris 
A&A 644, 72, 2020 

• Expanding Shells can deliver mass to central  
pc from a restricted volume of space along the 
rotational axis; 

• The time of the delivery is position dependent; 
• The total mass depends on the average density.  







The Wind and The Cloud 

How to create Sgr A East 
Where did the supernova explode



Sgr A East: 6 cm  VLA 



Galactic plane

Sgr A East

CND

Sgr A*

cannonball

Dust formed from ejecta
(Lau et al. 2015, Science 348, 413) 

Compressed molecular cloud
Serabyn et al. 1992, ApJ 395, 166



How to create Sgr A East 
Where did the supernova explode 

S. Ehlerová, J. Palouš, M. R. 
Morris, R. Wünsch, B. Barna & P. 

Vermont 
A&A 668, 124, (2022)

Best solution: 
age = 10 kyr 

explosion: 3.5 pc from SMBH 
3 pc behind and below the Galactic 

plane 



Hydro-simulations of Sgr A East  
(see the poster by Wunsch et al.)





Supernovae in the CND 

Barna, B., Wunsch, R., Palous, J. 
Morris M. R., Ehlerova, S., and 

Vermont, P. 
A&A, 692, A92, 2025







Supernova in the CND

• 50 - 100 Msun ejected outside the CND; 
• additional mass  inflow to the Galactic center 

of 2 - 70 Msun; 
• less mass inflow compared the homogeneous 

ISM distribution.



Other AGNs

• Ionized region in the central arc second of 
NGC 1068:  Vermont, P., Barna, B., Ehlerová, 
S., Morris M.R., Palouš, J., Wunsch, R.:     
A&A 678, A206 (2023); 

• A 3D model for the stellar population in the 
nuclei of NGC 1433, NGC 1566, and NGC 
1808: Vermot, P., Palouš, J., Barna, B., 
Ehlerová, S., Morris, M., and  Wunsch, R.: A&A 
674, A135  (2023); 

• Ultraviolet to Mid-infrared Single Stellar 
Population high spectral resolution libraries: 
Vermot, P., Palouš, J., Barna, B., Ehlerová, S., 
Morris, M.R., and Wunsch: A&A, submitted.



Next steps
- more massive SMBH (NGC 1068, NGC 

1433, NGC 1566, NGC 1808 …); 
-  more massive CND with or without a 

central cavity; 
- mass loading of NSC wind  

(mini-spiral or other sources); 
- tuning SFR & SNR; 

- nature of the thermal halo. 



The End  
Thank you for your attention


