ULTRAMASSIVE BLACK HOLES AT z < 0.1
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Mgg - o relation
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There are a couple of overmassive BHs here
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Brightest Cluster Galaxies

o Brightest Cluster Galaxies (BCGs) are the largest galaxies in the
Universe: located at the centers of galaxy clusters’ potential
wells, they undergo numerous merging events throughout their
evolution. The infalling material feeds the BH as well, so can
they also host Ultramassive Black Holes (UMBHSs) with mass
Mgy > 101° My? As of early 2025, only 7 UMBHs had been
found using dynamics or lensing (McConnell+12, Thomas+16,
Mehrgan+19, Neureiter+23b, Nightingale+23, de Nicola+24,
Melo-Carneiro+25)

o They do not follow the canonical Mgy — o relation, how do we
select suitable candidates? Are there other scaling relations that
work well at the high-mass end?
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Cores

Light-deficient region in the galaxy centre generated by BH scouring in
gas-poor mergers
Core size r. quantified using break radius from Core-Sersic fit

Al1775

« data
fit CS
— fitS
mm— —_

-
©

-
©
Ll

N N N
» N ?
L

SB (mag/asec?)

N N
© o
PRI IR SRR R

w
o

e e LA s o s e ey o e
-1 1

log (rad/asec)

BH days, MPE Garching - 28/10/2025



fart SMART+: unique modeling tool
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* triaxial models: SMART

(Neureiter+21,23a,b;de Nicola+22)
* model selection via AICp W

(Lipka&Thomas21,Thomas&Lipka22)

* non-parametric LOSVDs (WINGFIT)

(Mehrgan+24, Thomas 2025, in prep)

* non-parametric depros (SHAPE3q)
(de Nicola+20)

A

3
. stellar M/L gradients Y (r) — @ Tm
- i i n
non-parametric mass models " Bllptcal = Y v, g
(Mehrgan+24, Lipka+24a,b, Thomas 2025, in prep) *

* validation: N-body, lensing

(Neureiter+23a;de Nicola+22)

comparison to data:
photometry/kinematics

Courtesy of Jens Thomas
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Data

Photometry:

o High-resolution HST / LBT
(AO assisted) observations,
able to resolve the central core

o Wide Field Wendelstein images
allowing to go beyond 10 x
the largest kinematical radius
(important for dynamics)

o The two sets are combined
together selecting the radii
where we have data from both
observation sets

Kinematics:

o Long-slit MODS data acquired
at LBT which can resolve the
BH sphere-of-influence

o The slits were placed along the
galaxy projected principal axes
on the plane of the sky and
rotated by 45° to ensure fair
spatial coverage
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Core size excellent proxy of BH mass
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We identified 9 new UMBHSs (de Nicola+24, de Nicola+25 to be
submitted) more than doubling the number known to date
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Can UMBHs exist in core-less galaxies?

Nightingale+23 detect a 30-billion My BH in a cuspy ETG using strong
gravitational lensing. Here's another one
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Can be identified using the Mgy - M, relation
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Conclusions

o Do not blindly use the Mgy — o relation, omit cores

o If you spot a large core, you'll likely find a monster
BH. Main result here: 9 new UMBHSs discovered, more
than doubling the number of previously known
systems.

o Perhaps the opposite does not hold, and UMBHs can
exist in core-less galaxies as well
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Supplementary material
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The core radius is a measure of the BH sphere-of-influence
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Supplementary material
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Supplementary material
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Data from Rusli+13a, de Nicola+ to be submitted, simulations from
Gualandris & Merritt 2008 link mass deficit with number of mergers
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