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A ccor di ng to the s &\/Byl\globnlardzlesters (Gm) are. Mi
the first stellar assocratrons that were formed in the early Universe as |
gravitationally bound systems Their typrcal ages are > 1 0 1 @yrand the -
-current masses are a 1. .. |

' Accordrng to our prevrous researches . :

U M. Ishchenko, M. Sobolenko; P. Berczik et aI A&A 673, A152 (2023)

U M. Ishchenko ‘M. S‘obolenko D. Kuvatova et al., A&A 674, A70 (2023),

U0 M. Ishchenko, M. Sobolenko, P BerCZ|k et al.; KPCB, Vol. 39; No."1 (2023), _

.. we have found that the orbrts of some MW GCs can pass close to the Galactrc Centre
(GaIC) - =

This |dea IS confrrmed in the followrng papers

V Burkert:& Tremaine (2010)

V Harris & Harris (2011), |

V. Gonz 8U-epze zetal (r2CHL7)

V Harris et al. (2014), : -

where the-authors show a correlatlon between the mass of the central -

_ Supermassive Black Hole (SMBH) and the number of GCs in eII|ptrcaI and spiral
galaxies. | - < : -
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" possibility of close passages of .

" Our aim is to carry out the dynamic evolution of the orbits of the GCs 6
~ subsystem sample in Iookback time up to 10 Gyr with Gaia. DR3
. .Observations. of. the GCS posmons proper motions and radial
- velocities: "

This-allows us to estimate, in a
common statistical way, the -
average probability and-the

~ GCs with the GalC including the - e
possible graV|ty influence from the . | Ga'fiC“C Gentre
-SMBH. - | - bl

& 16Globular-Clusters within 200,000 LY of the GalC |

- To be more-physieally realisticl,'we per f,or vme‘-d' our int|
~evolution in time-varying I\_/I’V\l-like potentials. | .
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" and dark matter haloes, we decompt)sed

The IllustrisTNG-100 is characterized by a
simulation box ~100 Mpc3. In.a box of such-
Size we resolve a 54 MW-mass.disk galaxres
“with the mass resolution of 7,5x108 M ~for dark
-matter and 1,4x106 M. for the baryonrc

: partrcles respectrvely

To obtainthe Spatial'scales of the disks mli.,l Da(R,2) + Dy(R. 2)
GMy My - In | 1 + 'I'HIZT |
‘the mass distribution using the MN @ 4(R, ‘

— VR 4

: z) (Miyamoto & Nagai 1975) and NFW - IR + (ag 1 J2+BY)
u,L(R,.2) (Navarro et al. 1997) potentrals. . _

- For our analysis, in the IIIustrrs srmulatrons we |dent|f|ed the 4 MW-like galaxy. -
candidates with at least 10° dark matter partrcles and at least 103 baryonrc 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 detalls-, readers_ can refer (Ishcheriko et al. 2023; Mardini et al. 2020).




Parameters of the time-varying potentlals were selected from the IIIustrlsTNG 100
simulation:at z = 0. The last column shows the parameters of the corresponding MW
components according to Bennett et al. (2022) at present. | '

Parameter

#411321

#441327

#451323

#462077 Milky Way

Disk mass, M,
Halo mass, My,
Disk scale length, ay
Disk scale height, by
Halo scale height, by,

7.110
[.190
2.073
[.126

2.848

7.970
1.020
2.630
1.356
1.981

7.670
1.024
2.630
[.258
2.035

7.758
1.028
1.859
1.359
2.356

6.788
1.000
3.410
0.320
2.770
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#411321 TNG-TVP external putentlal
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"Evolution of han and disk masses and their characterlstlc scales for #411321 in t|me
Dotted and dash-dotted blue lines- correspond to the values after the mterpolatlon and
smoothlng with a 1-Myr tlme step that was used in the orbital. mtegratlon




" Or]ol'tal t'i'm"e integrati-o'nu'l' 10 Gyr IoOkback time

i a hrgh order paraIIeI dynamlcal NE b 0 d yGPU code based on the .

. fourth-order Hermlte integration scheme wrth hlerarchrcal |nd|vrdual
block time steps (Berczik et al. 2011, 2013) ' - . .

i GCs |n|t|aI posrt’ons proper mdtlons velocrtles and heIrocentrrc
drstances were taken from. Gala DRB &

- 1. each GC was |ntegrated as.one physrcal partlcle with the flxed mass

: from the Catalogue (Baumgardt & Vasiliev 2021)

1 4 external time evolving potentrals with variable dynamlcal masses .

and scales were seIected from IIIustrlsTNG 100,

i .all GCs were |ntegrated together taklng into account the GCs: self -
|nteract|ons and the Interactions W|th the external potentlal |

~ prdGeaghics.



NGC 6401 in #411321 TNG external potential
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NGC 6401 in #441327 TNG external potential
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NGC 6401 orbltal changes in three planes. The time of integrationis 10 Gyr

(X, Y), (X, 2) and (R, Z), where R |s the lookback time and represents by a
planar Gal. radius. | . . colour line.




The same but for Other potentials: #451323 and '#4620'77_'; |

~ prdGeaghics.



