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three types of astrophysical black holes
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Dwarf galaxy “anomalies”. But don’t believe they justifies new physics!
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Nuclear star clusters

* The densest clusters in the Universe
e Ubiquitous in centres of galaxies
* Coexist with intermediate mass black holes.....103-10° M,




Feedback from outflows powered by
accretion onto massive black holes

* Black hole feedback gives variety of dwarfs

* IMBH ubiquitous in dwarfs

* nuclear star clusters are common

* ideal environments for forming IMBH

* Merging at low z, in situ star formation at high z
* IMBHs are numerous and can seed SMBH

* Expect many wandering IMBH

* Momentum boosting accounts for feedback



Feedback by SMBH: basics
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energy balance, shocked gas is too hot to cool.

Gives momentum boost since op ~ dE/V .
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M* Galaxies

ey |l supermassive black holes
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Radio AGN in dwarfs
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NGC853 UGC3755 ES0O59-01

The seeding problem
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Nuclear star clusters are the densest star clusters in the Universe
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And it gets better.... ...and better
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one more CDM prediction: wandering IMBHSs in dwarfs

Dark subhalo kicks or merger aftermath
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Form IMBH in massive NSC
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merging + gas accretion
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Dwarf galaxy “anomalies” don’t require particle “exotica”

Its all astrophysical feedback from IMBH with a little help from SNe

Intermediate mass black holes form early in nuclear star clusters
via black hole merging and gas accretion

These are the likely seeds of supermassive black holes

LISA and 3G will probe their existence to z~20 via gravitational waves



Thank you georg for great collaborations!
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