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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.:

 \WWhat 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 1077 Msun, T = 50 - 500 K;

* Circum Nuclear Disk: 1 - 5 pc;

* Nuclear Star Cluster: a few - 1077 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

SNR 0.9%0.1
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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: 4 106 Msun.



Supernovae inside the Zone:
10-1 pc

Do they redistribute the mass and
angular momentum?



Can supernova shells feed supermassive black
holes In galactic nuclel? - -

* Supernovae explosions
release ~ 1044 Watts

* The blast wave creates a
thin shell expanding in the
ISM

* The shell accumulates
material

* What happens in the
vicinity of a SMBH?




Stages of SN evolution

Explosion (WD or Massive star)
M~ 1-80 Mg, ; E~ 1-10 x 10°* erg

Free expansion

Photospheric and Nebular phases

Sedov-Taylor phase

Formation of the thin shell

Snowplough phase

Keeping the momentum

Disperse into ISM

Vexp < Cism




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 & Palous (1987), Ehlerova &
Palous (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



simplified hydro code - parameter studies

Simplified hydrodynamic code

Thin shell approximation

Shell divided into elements
Evolution of the shell wall:
momentum and mass conservation

Collecting ambient medium

(only while shell is supersonic!)




Rotation
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Rotation & Gravity In
homogeneous medium
RO =5 pc, z0 =0 pc

time: 0.0 kyr




RING simulations around Sgr A*

- external gravitational potential:
supermassive black hole, young and old nuclear star cluster
rotation in the galactic (xy) plane
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Noyt = 107 cm

Nout: 102 cm3

o 0 0
© e} Yo <t < (o2}
! | |
I |
o
=
o
©
o
wn
o
<
o
™
o
(aV]
RILLKLIRKIIRK
0200302000306 o
o XS =4
|
[ AN AN
| N N
o o o o o
[ee) © < [aV)
n n
© n n awﬁvQO@ < m
I _ ;
1
7 /7 ~
/////
AR
-
// N / /
AN SN / NN
PR AR R R
N NN T N
SEERSENR NS TN RN
AT R R SRR
AT TR LR RN SO
R A ANTEY AASNEANSRS
RN N Y DN O A Y N
TN RN RGN N SN AR,
A R N YN S
N N RN
N AN NN NN |
> A RN
ASSRSASSTINRAN
N SRR
o o o = o
@ © <+ ~
(Bap) 2990

ree (pC)

50 60 70

40

fac (PC)
4 3
Nout = 107 cm

20 30

10

|
SN

NSNS

80

60

o
<

(RBAn) DO~

o
A

30 40 50 60 70
rac (pc)

20

10

70

60

50

40

30

20

10



Conclusions:
SN in the homogeneous medium

Palous, Ehlerova, 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.



FLASH-light on the rRING: hydrodynamic simulations of expanding
supernova shells near supermassive black holes

B. Barna,'2* J. Palous,' S. Ehlerov4,! R. Wiinsch,! M. R. Morris,? P. Vermot!

! Astronomical Institute, Academy of Sciences, Bocni II 1401, Prague, Czech Republic
2 Physics Institute, University of Szeged, Dém tér 9, Szeged, 6723, Hungary
3 Department of Physics and Astronomy, University of California, Los Angeles, CA 90095-1547, USA

Verification of RING by

FLASH time = 35.2 kyr FLASH time =95.4 kyr FLASH time = 125 4 kyr
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RING time = 2.0 kyr Flash time = 1.832 kyr
RING: xy, log col. density Flash: xy, log col. density 3 Flash: xy, log temperature

15 . .

RING: xz, log col. density Flash: xz, log density 02Flash: Xy, Mach no. |v|/(1.15 km/s)

0.




The Wind and The Cloud

How to create Sgr A East
Where did the supernova explode



Sagr A East: 6cm VLA

Sgl’ A East SNR each pixel =0.15", 24" =1pc

minor axis: 5.06 pc

Major axis is parallel to the Galactic plane




CND

cannonball

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

Sgr A East

Serabyn et al. 1992, ApJ 395, 166

Galactic plane



How to create Sgr A East
Where did the supernova explode
S. Ehlerova, J. Palous, M. R.
Morris, R. Wunsch, 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.)
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Irom outer galaxy

gas flow from. -

LS. '_ : hot ‘NSC wind and
Y7 co]hmated AGN outflow

.hot NSC wind and.

.  anc L. jet-from SMBH
collimated. AGN .outflow ) Je fr @m .

dense 10nised
clumps

SMBH with the
. '. accretion disk



Supernovae in the CND

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

A&A, 692, A92, 2025
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Mass loss [Mgy)
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Supernova in the CND

* 50 - 100 Msun ejected outside the CND;

e additional mass inflow to the Galactic center
of 2 - 70 Msun;

* less mass inflow compared the homogeneous
ISM distribution.



Other AGNs

* lonized region in the central arc second of
NGC 1068: Vermont, P., Barna, B., Ehlerova,
S., Morris M.R., Palous, 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., Palous, J., Barna, B.,
Ehlerova, S., Morris, M., and Wunsch, R.: A&A
674, A135 (2023);

 Ultraviolet to Mid-infrared Single Stellar
Population high spectral resolution libraries:
Vermot, P., Palous, J., Barna, B., Ehlerova, 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



