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Intermediate-mass black holes:
102M⊙ ≤ 𝑀BH ≤ 105M⊙

We have seen a few…
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Very Massive Stars
(VMSs, 𝑚∗ ≥ 150 M⊙)

32 M⊙ ≤ 𝑀He ≤ 135 M⊙ 
PI regime 

𝑀He > 135 M⊙ 
Direct collapse onto IMBH

Spera & Mapelli 2017

PISN = Pair-Instability SuperNova

However…
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Dynamics matter!

Two main complementary channels:

Runaway collisions

Mapelli 2021 

I will focus on 
this channel! 

Following results from Simonato et al (in prep)

VMS = Very Massive Star (𝑚∗ > 150 M⊙)
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STARfall: a semi-analytic approch

• Massive stellar 
binary evolution

• Host cluster 
evolution

• Simplified stellar 
evolution

• Stellar mergers & 
collisions

Arca Sedda et al 2026

Iorio et al 2023

Sigurdsson & Phinney 1993

We can discuss futher details later, or just contact me: filippo.simonato@gssi.it
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STARfall: a semi-analytic approch

We can discuss futher details later, or just contact me: filippo.simonato@gssi.it

Binary-single 
interaction

Direct collision

• Megers or collisions?

• Probability to form a VMS?

• How much mass can 
be accreted?
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First of all…mass growth

Simonato et al (in prep)

Core-collapse
timescale relevant in 
denser environments

Stellar evolution
relevant in less

dense environments
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Megers or Collisions?

NSCs = Nuclear Star Clusters

GCs = Globular Clusters

YCs = Young star Clusters
CGA = Cosmic Gems Arc

→Closely related to the probability
of VMS formation

𝑀𝑐𝑙,0 = initial mass

𝑅ℎ𝑚,0 = initial half-mass radius

→ It depends on the initial density

Simonato et al (in prep)
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→GCs can host VMSs up to ~103M⊙

NSCs = Nuclear Star Clusters

GCs = Globular Clusters

YCs = Young star Clusters
CGA = Cosmic Gems Arc

How much mass can be accreted?

→Up to ~104M⊙ in compact systems

Simonato et al (in prep)



VMS & IMBH mass distribution

𝑀𝑐𝑙,0 = initial mass

FC = Frost-Clusters (Rantala et al 2026)

D-II = Dragon-II (Arca Sedda et al 2023)

NB6 = Nbody6++GPU (Vergara et al 2025)

MOCCA (Askar et al, in prep; Giersz et al in prep)

Simonato et al (in prep)
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VMS & IMBH mass distribution

LGWA
SNR ≥ 8

up to 𝑧~10

Simonato et al (in prep)



Implications for Cosmic Gems Arc & Globular Clusters

Gray area = PISN mass gap

Orange squares = counter-images

Simonato et al (in prep)
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Conclusions

• Collisions main driver for mass 
growth in dense systems

• LGWA could detect their
remnants up to 𝑧~10

Filippo Simonato - filippo.simonato@gssi.it

• Stars with masses up to 
≤ 104 M⊙ can form in dense 
young systems 
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