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Nuclear Star Cluster (NSC) are common stellar systems in
the centres of galaxies. Yet the phys1cal mechanlsms
mvolved in the1r formatlon are stlll dgh™ M, |

. Two formatlon mechanlsms were',
- proposed: the accretlon of stellar -
clusters onto galactlc center (cluster- -
1nsp1ral) and in-situ star formation -
dr1ven by dlSSlpatlon of gaseous clouds

" My = 4 x 107 M
Rysc = 4 pc

* } GC's stars

' hlgh mass ‘remnants (BH ¥ NS)

& -GC’-s-orbit "




‘From the ‘general point of view, GCs that can potentially -

lead to the process of NSC formation in our Galaxy have
' clearly already - been destroyed by these long and
~ dynamically violent ‘processes (Capuzzo Dolcetta 1993
1o Antomm 2013 M1nn1t1 et al 2021) |

The maln 1dea of this work i is

. f1nvest1gate the accretlon of-GC stars on early cosmologlcal

- timescales: through detalled N-body simulations of
theoretical GC models in order to assess the role of thls
mechamsm in Mllky Way nuclear star cluster formation.

To be more physwally reallstlc in our 1nvest1gatlon we |

~~ performed our integration of GCs’ evolutlon in tlme-
varylng Mllky Way -like potentlals |
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The IllustrlsTNG 100 is characterlzed by a
simulation box ~100 Mpc3. In-a box of such
size we resolve a 54 MW-mass_disk galaxies with
‘the mass. resolution 7, 5x10° M for dark matte
and 1,4x106 My for the baryonlc partlcle -,

‘respectively.
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,DlStl‘lbuthIl of the GCs in phase space E vs. Ltot and E vs.
Lz in 411321 external potentlal at -10 Gyr ago

" Colour- coddlng shows orbital mean ecc based on 5 Gyr « of
| 1ntegrat10n More than 16k models |
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‘.Or.b.italﬂ ev'olution_' Qdu.li'ing 5Gyr of integrati;o'n_-, from 1 0 Gyr, .
represents orbits with different ecc, from 0.0 to 0.9.
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'Dlstrlbutlon of the GCs in phase space‘ E vs. Ltot E vs. Lperp and E VS. .
Lz in 411321 external potential. Panels represent models, whlch have
interaction (close passages) ‘with the GalC, based on. 5 Gyr of
" integration. Colour- -codding represents the number of such events'
Yellow dost represent selected GCs for future N-body s1mulatlons




To carry oyt the N-body modelhng together w1th the stellar .
evolution for early GCs, we assumed the 1n1t1al condltlons
llsted below ' |

~ » For the dyn‘ami'cal orbital integration of ‘GCs, including the effects of
stellar. evolution, we employed the high-order parallel N-body
- code @-GPU, which is based on the fourth-ordér Hermite integration -

scheme with hlerarchlcal 1nd1v1dual block time steps. .

o For the individual mass of the stars we used the Kroupa 1n1t1al mass |
function (IMF; Kroupa 2001) w1th lower upper mass hmlts equal to
0.08-100 Mo ' | |

"> Each cluster was 1n1t1ally set in a state of dynamlcal equ1l1br1um with |
King model ' distribution - function (ng 1966), the half-mass |
| rad1us Py and the dlmensmnless central potentlal W, . " | 1-

> lnltlal coordinates and veloc1t1es at the -10 Gyr lookback tlme were. |
taken from the orbltal mtegratlon of the GC..
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As an 1n1t1al model for the Galactic NSC we 1nclude a spec1al central
‘proto-NSC: partlcle with a mass of 4 x 106 Msun and a radlus of 10 pc
m our s1mulatlons g . -

Durmg the N-body 51mulat10n we assume that a star from the GC has
. -accreted to the NSC when the partlcular GC. star is 1n51de the 10 pc
. radlus of the proto -NSC. -

When such a star is detected we add the current mass of the star at
the time of the pass to the NSC and consider the star to. be accreted
‘Insucha case, we w1ll always have a growmg NSC mass.

Tlme integration is 5 Gyr, frOm _.-10 to 5 ina past.-

‘Initial physical No M, Mg N 'hm: P¢ Wo
‘parametersfor 50 60000 104554 1 8.0
GCsN-body 50 60000 104554 2 8.0
modelling 5, 60000 104554 4 80
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Stellar accretlon rates onto the NSC 1)) 50 GCs models for
“three dlfferent values of rhm =1, 2 and 4 pc, respectlvely
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-In1t1al dlstrlbutlon for 50 theoretlcal GCs in E Ltot and E Lz at -

10 lookback time. Different symbols show rhm. Colour represent
accreted mass from each GC to the NSC over 5 Gyr of 1ntegrat10n
tlme -
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ecc

Evolutlon of the mass accretlon to the NSC for models
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" Accretion rate for the stellar remnants from GCs-

'. Total accretion of' the
mass of stellar remnants
. (WD, NS, and BH) from 50

_GCs for all the three
 cases: Iim = 1, 2, and 4 pc.
The mass in logar1thm1c A

- scale.

" Accretion of the stellar remnants onto the NSC for sets of GCs w1th |
- different mltlal [y ‘where mass accretion in Mg

Thm WD NS BH

Naccr Maccr Naccr Maccr Naccr Maccr
Lpc | 19765 16719 | 909 1131 | 546 10752
2pc | 10957 9732 | 785 979 | 336 6359
4pe | 12275 10688 | 779 965 | 508 10072
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Miig, 1000M,

PV - Accretion mass maps over
. . e .all  our theoretical -GC
ol i _ models .
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My, 1000M,
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‘In most cases-the -
dlssolutlon of the GCs
occ.urs in the models with |
the orbl_tal ecc in a range
| of 0.4-0.5.
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Miq, 1000M,

M.;q, 1000M.

. range of 0.3-0:6.

| With 1n1t1al rhm = 1 p¢c we

have 5 dissolved GCs during -
this 5 .Gyr integration

~* period. With initial ry,, = 2
. pc we have 9 GCs, and with

42, respectively.

' In .most cases “the |-
'dlssolutlon of -the GCs |
‘occurs - in the models

with the _orbltal eccin a
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Role of the GC’s mass loss and accret1on rate for low and
| SHE heavy cases
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> The relative fractlons of the accreted mass and the number of particles|

are given as percentages with respect to thelr initial values. , "
> As the initial mass of the GC models lncreases thelr total mass
| contrlbutlon to the proto-NSC also grows. . .
> However, if we consider the ratio of initial masses to accreted masses

for massive globular clusters we can see -that  the increase is
 insignificant. - L it VIR o
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" Conclusmns

v Based on the total accreted mass from all the three sets of our theoretical
150 GCs durlng the first 5 Gyr of Galactlc evolution we accreted on the
formlng NSC ~4x105 Mo Th1s mass is roughly 2% of our current NSC mass

A GC models with average orbltal eccentricities of 0.4~ O 5 and orblts orlented
perpendlcular to'the galactlc disk® contrlbute most 51gn1f1cantly to the mass
- of the proto -NSC formatlon ' R i |

‘v Accretion is especially efficie‘nt during the first. Gyr and in compact GC
- models withr, ;=1 pc. In all sets, the domlnant accreted stellar populatlon
cons1sts of low-mass stars (~0.. 33 MQ) -

v Our accretion mass estimation is a lower li'mit due to the absence of the
dynamical friction prescrlptlon in our N- -body modelling and the absence of
the bulge model in the MW- llke external potentlal '

" v Based on our extended set of numerical simulations, we obtaln the lower
"~ limit of mass contribution to the NSC from dlsrupted GCs. We conelude that
the GC stellar accretion channel alone may not be suff1c1ent to ensure the
present day MW galaxy NSC mass budget. . i, : : 17
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