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Intermediate mass black holes: 
to be or not to be 

A theoretical perspective



Intermediate mass black holes: 
what’s in a name

Figure credit: LIGO/Virgo

Stellar mass black holes

GW170729



Intermediate mass black holes: 
what’s in a name

Massive black holes

M87: Event Horizon Telescope

SgrA* (Milky Way): GRAVITY @ VLT



Intermediate mass black holes: 
what’s in a name

NGC 205
M87

Stellar mass black holes Massive black holes 
Figure credit: M. ColpiSomething in between?



The mass “gap” and above

Heger & Woosley 2002

The mass of stellar 
remnants is higher 

at lower metallicity: 
weaker winds and 

nuclear energy 
release 

Most massive single 
black hole at zero/
very low metallicity 
depends on what’s 

the most massive 
star one can make
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The mass “gap” and above
Black hole mergers are 

facilitated in dense stellar 
systems, e.g., globular 

clusters 

IMF + mass segregation + 
dynamical interactions + 

kick vs escape speed from 
cluster determine the max 
black hole mass that can 

form



Star 
cluster +  

stellar BHs

Gas 
inflow: 

increase 
of the 

escape 
velocity 

Stellar mass 
BHs merge, 

into a BH 
~500-1000 

solar masses 

Remnants 
of the first 

stars

BH mergers  
in nuclear 

clusters

Stellar 
mergers 

in nuclear 
star clusters

Gas-driven 
collapse

Massive black hole “seeds”

Adapted from MV 2012,  update to the Rees 1978 diagram



Massive black hole “seeds”

Remnants 
of the first 

stars

BH mergers  
in nuclear 

clusters

Primordial black holes Cosmic string loops

NGC 205
Stellar mergers 
in nuclear star 

clusters

Gas-driven 
collapse

M87



The evolution of massive black 
holes in galaxies

Galaxy

Massive 
black  
hole

Early universe

Today



“I”MBHs in dwarf 
galaxies don’t grow 

much

Wandering “I”MBHs 
left over from failed 

mergers

Van Wassenhove+10

“I”MBHs ejected by 3-body 
scattering or gravitational 

wave recoilNASA, ESA, A. Feild (STScI)

Tremmel+18



“I”MBH mergers with LISA 
and 3G detectors (e.g., 

Einstein Telescope, 
Cosmic Explorer)

Figure courtesy of M. Colpi

Extreme Mass Ratio 
Inspirals (EMRIs: stellar 

mass + “I”MBH) with LISA

Gair 2009



What’s an “intermediate” mass black hole? 

Very massive, supermassive stars: the mass of the most massive “stellar 
origin” black hole is determined by how massive is the most massive 
zero metallicity star 

Merging black holes makes more massive black holes (duh) but 
beware of kicks and recoils 

Where should we look? Globular clusters, dwarf galaxies, outskirts of 
massive galaxies, the intergalactic medium…  

How should we look? With photons or gravitational waves

Intermediate mass black holes: 
a theoretical perspective


