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with Gaia-Sausage/Enceladus and wCentauri

YUILHERME LIMBERG!?

1 Kavli Institute for Cosmological Physics, University of Chicago, 5640 S Ellis Avenue, Chicago, IL 60637, USA
2 Universidade de Sdo Paulo, IAG, Departamento de Astronomia, SP 05508-090, Sdo Paulo, Brasil

ABSTRACT

The discovery of fast moving stars in Milky Way’s most massive globular cluster, wCentauri (wCen),
has provided strong evidence for an intermediate-mass black hole (IMBH) inside of it. However, wCen
is known to be the stripped nuclear star cluster (NSC) of an ancient, now-destroyed, dwarf galaxy.
The best candidate to be the original host progenitor of wCen is the tidally disrupted dwarf Gaia-
Sausage/Enceladus (GSE), a former Milky Way satellite as massive as the Large Magellanic Cloud. I
compare wCen/GSE with other central BH hosts and place it within the broader context of BH-galaxy
(co)evolution. The IMBH of wCen/GSE follows the scaling relation between central BH mass and
host stellar mass (Mpp—M,) extrapolated from local massive galaxies (M, 2> 101 M)). Therefore,
the IMBH of wCen/GSE suggests that this relation extends to the dwarf-galaxy regime. 1 verify that
wCen (GSE), as well as other NSCs with candidate IMBHs and ultracompact dwarf galaxies, also
follow the Mp—o, relation with stellar velocity dispersion. Under the assumption of a direct collapse
BH, wCen/GSE’s IMBH would require a low initial mass (<10,000 M) and almost no accretion over
~3 Gyr, which could be the extreme opposite of high-z galaxies with overmassive BHs such as GN-z11.
If wCen/GSE’s IMBH formed from a Population III supernova remnant, then it could indicate that
both light and heavy seeding mechanisms of central BH formation are at play. Other stripped NSCs
and dwarf galaxies could help further populate the Mpy—M, and My, relations in the low-mass
regime and constraint IMBH demographics and their formation channels.
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1. INTRODUCTION

Understanding the early assembly of supermassive
black holes (BHs) and their coevolution with their host
galaxies is a major goal in Astrophysics (Kormendy &
Ho 2013; Inayoshi et al. 2020; Fan et al. 2023). Given a
certain seeding mechanism, either Population I1I super-
novae exnlosions or direct collanse (Volonteri et al 200K

Just recently, IHaberle et al. (2024) has provided
strong evidence for the existence of an IMBH (Mgy =2
8200 M) in wCentauri (wCen), the most massive MW
globular cluster (e.g., Baumgardt & Hilker 2018); see
Noyola et al. (2008) for an earlier proposition. These
authors identified a collection of fast moving stars with
tangential velocities well above the cluster escape ve-
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ABSTRACT

The Gaia Saueege is an elongated structure in velocity space discovered by Belokurov et al. [HI18)
using the kinematics of metal-rich halo stars. It was croated by & massive dwarf prlay (- S 1070
on & strongly redial orbit thet merged with the Milky Way at a redshift = = 3. We search for the
sssociated Sensage Globular CTesters by analysing the structure of 91 Milky Way globular clusters
(G08) in ection space using the oz Dets Release 2 catalogue, complemented with Hublle Space
Telezeope proper motions. There is a characteristic energy B o which separates the in gity ob jects,
such as the bulpe/dise clusters, from the acereted objects, such as the young halo clusters. There ane
15 obd hala GCs that have E = B, Eight of the high enerpy, old hale GCs are strongly clhomped
in azimuthal and vertical action, yet strung out like beads on a chain at extreme radial sction. They
are very radially anisotropic (§ ~ (0.95) and move on orbits that are all highly eccentrie (& = 0.80]).
They also form a track in the ape-metallicity plane distinet from the bulk of the Milky Way GCs and
compatible with & dwarf spheroidal origin. These properties are consistent with GCs associated with
the merper event that peve rise to the Gaia Sausape.

Kepwords: prlavies: kinematics and dynamics — pelaxies: structurs
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Gaia-Sausage/Enceladus (panee- GSE) — pe3ynbtat major merger?

This ‘sausage’ in the velocity space is probably due to relatively metal-rich stars compared to the Galaxy halo
(with metallicities Z = Z/10), which have also large velocity anisotropy. (Belokurov et al.,2018)

Helmi et al.,2018: “We conclude that the halo near the Sun is strongly dominated by a single structure

of accreted origin”

For GSE, Callingham et al. (2022) finds log (Mx/M()) = 8.5 + 0.3.



e CywecrtsoBaHue IMBH (100 < MBH/M( < 10°) —HepelueHHaa npobnema. Just
recently, H aberle et al. (2024) has provided strong evidence for the existence of an

IMBH (MBH = 8200M()) in wCentauri (wCen), the most massive MW globular
cluster .




K yemy cTpemuTca aBTop?

* wCen has similar kinematics to GSE’s stellar population (Massari et al.
2019; Callingham et al. 2022). Hence, GSE is the best candidate, out
of known accreted dwarfs, to be the original host galaxy of wCen.
Therefore, the discovery of a central BH in wCen provides the unique
opportunity to extend well-known scaling relations, such as between
MBH and host Mx,

e GSE is the best candidate to be the original host galaxy of wCen. LUenb
PaboTbl — NPOBEPUTL 3TY rMNOTE3Y.
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Since both NSCs and UCDs alike follow the MBH—o*
relation, the ox in these low-mass systems can be

compared to those in the bulges of local massive galaxies.
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e [1IBe mogenun pocta Mbh

(no pacyetam Fan et al.,2023):

* Heavy seed: 30 NHITOH.aKKpeLUUS
Ha 10° MO (BBepxy),

light seed (akKkpeuma Ha ocTaTKK
Pop-Ill) (BHU3Y).

Z=2 — COOTBETCTBYeT BpemMeHM!

npekpaweHna SF ana GSE.
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KaKkue waposble cKkonaeHuA
MOryT, Kak U wCen, oKasaTtbcA

nuclear stellar clusters?
KaHampaaTtbl Ans8 nporpamms

MOUCKA YepHbIX Ablp B

LUAPOBbIX CKOM/IEHUAX:

M54 (cBA3b ¢ Sag dSph)

M19 (cBa3b ¢ Kraken/Heraclrs stream)
N6934 (cBsi3b ¢ Helmi stream).

[1Ba nocneaHux — nnbo He NSCs,
nnbo notepanu 60nbLUYIO YacTb
Macchbil.
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OCHOBHble BblBObl

* CylwlecTByeT egMHas 3aBUCUMOCTb «Macca BH - macca nam aucnepcua ckopocteit bangyka» ans
HOPMa/IbHbIX raNakTUK, Y1bTPAKOMMNAKTHbIX Fa/IakTUK U LLAPOBbIX CKONAEHUM, coaepawmx BH
MPOMENKYTOYHbIX Macc.

* This suggests that this scaling relation might extend to GSE-mass, i.e., S/LMC-mass galaxies.
Hence, since there are many Local Group satellite that could host central IMBHs.

* Maccy IMBH B wCen MOXHO 06BbACHUTb B MOAENAX KaK CXaTUA, TaK U aKKpeLun, HO B
nocnegHem cay4yae HadasbHaA macca A0NXKHa bbiTb HEOONLLIOW N PacTU OYEHb MEANEHHO.

e Sagittarius dSph could be a compelling target since it is relatively close and it also hosts the
NSC M54,
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