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According to the ȿCDM model, the Milky Way globular clusters (GCs) are 

the first stellar associations that were formed in the early Universe as 

gravitationally bound systems. Their typical ages are >10ī12 Gyr and the 

current masses are å105M .  

According to our previous researches 

ü M. Ishchenko, M. Sobolenko, P. Berczik et al., A&A 673, A152 (2023),  

ü M. Ishchenko, M. Sobolenko, D. Kuvatova et al., A&A 674, A70 (2023), 

ü M. Ishchenko, M. Sobolenko, P. Berczik et al., KPCB, Vol. 39, No. 1 (2023), 

we have found that the orbits of some MW GCs can pass close to the Galactic Centre 

(GalC).  

This idea is confirmed in the following papers:  

V Burkert & Tremaine (2010),  

V Harris & Harris (2011),  

V Gonz§lez-L·pezlira et al. (2017), 

V Harris et al. (2014),  

where the authors show a correlation between the mass of the central 

Supermassive Black Hole (SMBH) and the number of GCs in elliptical and spiral 

galaxies. 
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å150 Globular Clusters within 200,000 LY of the GalC 

Galactic Centre 

This allows us to estimate, in a 

common statistical way, the 

average probability and the 

possibility of close passages of 

GCs with the GalC including the 

possible gravity influence from the 

SMBH. 

Our aim is to carry out the dynamic evolution of the orbits of the GCsô 

subsystem sample in lookback time up to 10 Gyr with Gaia DR3 

observations of the GCs positions, proper motions and radial 

velocities. 

To be more physically realistic, we performed our integration of GCsô 

evolution in time-varying MW-like potentials. 
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FIX potential 

FIX potential #411321 TNG potential 

#411321 TNG potential with 8 GCs 

#411321 TNG potential with 8 GCs 

The IllustrisTNG-100 is characterized by a  

simulation box ~100 Mpc3. In a box of such  

size we resolve a 54 MW-mass disk galaxies  

with the mass resolution of 7,5x106 M  for dark  

matter and 1,4x106 M  for the baryonic  

particles, respectively.  

To obtain the spatial scales of the disks 

and dark matter haloes, we decomposed 

the mass distribution using the MN ūd(R, 

z) (Miyamoto & Nagai 1975) and NFW 

ūh(R, z) (Navarro et al. 1997) potentials: 

For our analysis, in the Illustris simulations, we identified the 4 MW-like galaxy 

candidates with at least 105 dark matter particles and at least 103 baryonic particles 

(stars and gas) at redshift zero and well reproduce MW parameters (disk and halo 

masses with the spatial scales) at present the best: #411321, #441327, #451323, 

and #462077 (TNG-TVPs).  

 

For more details, readers can refer (Ishchenko et al. 2023; Mardini et al. 2020). 
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FIX potential 

FIX potential with 7 GCs 

#411321 TNG potential Evolution of halo and disk masses, and their characteristic scales for #411321 in time. 

Dotted and dash-dotted blue lines correspond to the values after the interpolation and 

smoothing with a 1 Myr time step that was used in the orbital integration. 

Parameters of the time-varying potentials were selected from the IllustrisTNG-100 

simulation at z = 0. The last column shows the parameters of the corresponding MW 

components according to Bennett et al. (2022) at present. 
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FIX potential with 7 GCs 

FIX potential 

ï a high-order parallel dynamical N-body ű-GPU code, based on the 

fourth-order Hermite integration scheme with hierarchical individual 

block time steps (Berczik et al. 2011, 2013),  
 

ï GCs initial positions, proper motions, velocities and heliocentric 

distances were taken from Gaia DR3, 
 

ï each GC was integrated as one physical particle with the fixed mass 

from the catalogue (Baumgardt & Vasiliev 2021),  
 

ï 4 external time evolving potentials with  variable dynamical masses 

and scales, were selected from IllustrisTNG-100, 
 

ï all GCs were integrated together taking into account the GCs self 

interactions and the interactions with the external potential. 

Orbital time integration ï 10 Gyr lookback time 
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FIX potential with 7 GCs 

FIX potential 

FIX potential 

FIX potential with 7 GCs 

#411321 TNG potential 

#411321 TNG potential 

#411321 TNG potential with 8 GCs 

#411321 TNG potential with 8 GCs 

NGC 6401 orbital changes in three planes 

(X, Y), (X, Z) and (R, Z), where R is the 

planar Gal. radius. 

The time of integration is 10 Gyr 

lookback time and represents by a 

colour line. 
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FIX potential with 7 GCs 

FIX potential 

FIX potential 

FIX potential with 7 GCs 

#411321 TNG potential 

#411321 TNG potential 

#411321 TNG potential with 8 GCs 

#411321 TNG potential with 8 GCs 

The same but for other potentials: #451323 and #462077  


