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ABSTRACT

Understanding the processes that drive the formation of black holes (BHs) is a key topic in
observational cosmology. While the observed Men—Mpug. corelation in bulge-dominated
galaxies is thought to be produced by major mergers, the existence of a Mgy—M, relation,
across all galaxy morphological types, sugpests that BHs may be largely built by secular
processes. Recent evidence that bulge-less galaxies, which are unlikely to have had signif-
icant mergers, are offset from the Mypy—Mpgy . relation, but lie on the Mgy—M, relation,
has strengthened this hypothesis. Nevertheless, the small size and heterogeneity of current
datasets, coupled with the difficulty in measuring precise BH masses, makes it challenging to
address this issue using empirical studies alone. Here, we use Horizon-AGN, a cosmological
hydrodynamical simulation to probe the role of mergers in BH growth over cosmic time. We
show that (1) as suggested by observations, simulated bulge-less galaxies lie offset from the
main Mgy—Mg,. relation, but on the Mpy—M, relation, (2) the positions of galaxies on the
Myp—M, relation are not affected by their merger histories and (3) only ~35 per cent of the
BH mass in today’s massive galaxies is directly attributable to merging — the majority {~65
per cent) of BH growth, therefore, takes place gradually, via secular processes, over cosmic
time.
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1 INTRODUCTION 2006). Simulations show that mergers (in particular ‘major’ merg-

. . . . ers, 1.e those with near<qual mass ratios) are efficient at building
The co-gvolution of galaxies and their black holes (BHs) is a central bulges (e.g. Toomre & Toompe 1072; Bames 1992), akbough some

ﬂ'L{'.]'II' of our EE.”MF fo |0|.1 pa:adlgm. In the nearby Universe, bulges may form via other processes, such as disk instabilities (e.g.
several comelations are observed between BH mass and the prop- i ) L - . ]

. . L . . Dekel et al. 2009; Kaviraj et al. 2013a) and, in cases where gas
erties of the host ealaxy. such as its velocity dispersion (Mazormian L



3a4a4a — BbIACHUTb, KaKyo pO/b
MrpatoT mergings B POPMMUPOBAHNN
ras1IakTMK  ux SMBH?

* The correlation between BH and bulge mass is often
considered to be a product of galaxy mergers. Combined
with the fact that active galactic nuclei (AGN), and thus
growing BHs, are often observed in systems undergoing
major mergers, it is reasonable to suggest that this process
could create the observed Mg, —My, .. correlation, by
simultaneously building the BH and the galaxy bulge

. OOHAKO:

There is evidence that spiral galaxies with low central velocity
dispersions, and therefore low bulge masses, tend to have
overmassive BHs (Sarzi et al. 2002; Beifiori et al. 2009) when
considering the MBH—MBulge correlation, which suggests that
the processes that build the BH and the bulge may be
different.



e [lpyraa To4Ka 3peHunsa: BHs may be largely built by
secular processes. 3TOT BbIBO/A, CO3BYyYeH paboTte
Lofthouse et al 2017: Ha nuke SF (z~2) TonbKko 21%
blue spheroids aemonctpupyert disturbed form.

* Here, we use Horizon-AGN, a cosmological
hydrodynamical simulation (Dubois et al. 2014) to
probe the role of mergers in BH growth over cosmic
time. Simulation model has a dark matter mass
resolution of 8x107 M, a stellar-mass resolution of
2x106 M and a spatial resolution of 1 kpc.



We note that BH growth is not prescriptively linked to mergers
in the simulation. The growth in BH mass is simply a result of ac-
cretion from ambient gas, but will naturally respond to changes in
the geometry and dynamics of the gas that is induced by a merger
e.g. if major mergers efficiently funnel gas into the centre of a rem-
nant then BH growth could be accelerated. However, the model is
not set up to preferentially build BHs during mergers.

* MuHMManbHaa macca ranaktmkm log M = 8.5
* 3apaétcsa HavanbHaA macca BH (50Mc).

However, BH masses quickly become self regulated, so
that the exact choice of seed mass is not important. Poct
MacCCbl — 3@ CYET aKKpeLUnn, HO OHa OrpaHUYEHa
3A0AUHITOHOBCKMM Npeaenom, XOoTaA MacCbl MOTYT
NPOAO0KATb POCT 3a CHET cAnAaHnA BH.



* Following their formation, each BH is able to
grow through gas accretion, or through
coalescence with another black hole. As
galaxies grow, they expel or consume their
supply of cold gas leading to reduced BH
accretion rates.
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Figure 1. The mean number of major mergers that local massive galaxies
(M, > 10'%3 at z = 0) have undergone after a given redshift, as a function
of their bulge to total stellar mass (B/T) ratios. The colour corresponding

* The probability that bulge-less galaxies (B/T < 0.1) have
undergone any major mergers between z =1 and the
present day is essentially zero. However, around one in
four and one in three of these galaxies have undergone a

major merger since z=2 and z=3 respectively.
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Figure 2. The mean fraction of ex-situ mass in today’s massive galaxies
(M, > 10'05 gt z = 0), as a function of their B/T ratio. Galaxies with low
B/T ratios are likely to have low ex-situ mass fractions, indicating that the
majority of their stellar mass formed via secular processes.

Bulge-less galaxies host very low ex-situ mass fractions — less
than 15 per cent, on average.
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Figure 6. Evolution of the Mgy—M, relation in Horizon-AGN for local mas-
sive galaxies. Solid coloured lines show a running mean for galaxies that
have undergone 0 (red), 1 (blue) and 2 (green) major mergers before the
redshift indicated in each panel, where the width of the line indicates the
standard error on the mean.
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Figure 7. Evolution of the Mpy—Mpyige relation in Horizon-AGN. As in
Figure 6, solid coloured lines show a running mean for galaxies that have
undergone 0 (red), 1 (blue) and 2 (green) major mergers before the redshift
indicated in each panel, where the width of the line indicates the standard
error on the mean.



SUMMARY

 Kak TeopeTtnyeckune paboTbl, TaK U HabntoaeHmA
MOKa3bIBAlOT, YTO MUK KOCMMYecKoro SF cBA3aH
HE CO CAMAHMNEM FANAKTUK, @ C KOCMOJIOTMYECKOM
aKKpeuueu rasa. A NnOCKO/IbKy OCHOBHas macca
3B€34 cpOpPMMPOBAIACb MMEHHO B 3TY 3MOXY,
OCHOBHOE KO/IMYECTBO CYLLECTBYHOLLLMX CENYAC
3BE€3/1 HE MMEET OTHOLLUEHUE K MEPKUHTAM.

* AHaNOornM4yHble pesynbratbl NOAYYEHbI HAMU B
OTHOLUEeHWUM pocTa maccbl BHs: oHa 3aBUcUT B
MEeHbLUEN CTENEHN OT MEPXKUHra, B bonblUen- OT
BHYTPEHHMX NpoLueccoB, cBA3aHHbIX co SF.



Almost all bulge-less galaxies have undergone no major mergers since
z = 1. However, 25 per cent of such systems have had a major merger
since z = 3.

The number of major or minor mergers that a galaxy has undergone
does not alter a galaxy’s position on the MBH-M* relation, indicating
that mergers are not a significant mechanism for feeding the BH.

Bulge-less galaxies lie offset from the MBH—-MBulge relation observed
in the general population. The offset of the bulge-less galaxies is
driven by the fact that these galaxies have normal black holes but
under-massive bulges (due to a smaller number of mergers).

Only 35 per cent of the BH mass in galaxies more massive than
109.5M in today’s Universe is directly attributable to mergers. 22 per
cent is driven by major mergers and 13 per cent is driven by minor
mergers. Secular processes, therefore, account for the creation of the
majority (65 per cent) of BH mass over the lifetime of the Universe



