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ÅFirst, something different about stars



















dark main sequence (top) 
standard main sequence (bottom)

1 GeV dark matter mass
scattering cross section of 3×10ҽ35 cm2

NFW dark matter profile with ͊Ӏ1.5

Can explain stars at Galactic Centre but the cross section is 
ƻĲƖǃШőŔŊőв

John, Leane and Linden 2405.12267



What about Primordial 
Black Holes?



Belliner et al

2312.06782



ÅNicolas Esser analysis INCLUDES:-
ÅEnergy flow in accreting matter flow
ÅNuclear burning in accreting matter 

flow
ÅMBH < 1021 g radiative diffusion is 

efficient,
Å1021g < MBH < 1028g invisible Bondi 

Accretion
Å1028 g < MBH nuclear reactions 

enhanced, Eddington limited
ÅAlso important points about rotation.

Unfortunately ŰŸƣШƚŸШƚŔůƓũĲвЮ



Gottlieb et al  2606.02700

If PBH spins up enough to 
form a disk, the black hole 
explosively disrupts the star.

If not, then it simply gives the 
star a quiet death



ÅMaybe this is the last word on 
this subject?

ÅÂĲƖőċƓƚШ ŔĦŸũċƚШEƚƚĲƖќƚШƽŸƖťШ
on PBHs on DSph more 
interesting and robust? 



Pulsar Timing Array 
(PTA)

Gravitational Waves create 
arrival delay across the sky 
with characteristic pattern



Look for 
Timing 
Residuals 
from Pairs of 
Pulsars 
around the 
sky



June 2023 - 
Nanograv 
collaboration 
detected such an 
effect 
2306.16213



Simplest Interpretation is SMBH Coalescence

With Juan Urrutia, Ville 
Vaskonen and John 
Ellis, Hutsi, Raidal, 
Vaermae

    arXiv:2306.17021





Population III star

Picture from quanta magazine



Direct 
Collapse 
Black Hole

Picture from Wikipedia



Kristiano and Yokoyama arXiv:2405.12149

Big black holes could also be 
produced conceivably during 
inflation

Strong constraints from 
things like the CMB and 
structure formation

Our paper 2408.11098



Our Approach
ÅWe use Extended Press-Schechter 
formalism to model merger rate of 
galaxies 

ÅWe assume a constant probability for 
BH mergers  

ÅCan explain relationship between 
masses of BHs and the stellar masses 
of their host galaxies





ìŔƣőШ7ĲƣƣĲƖШůŸĬĲũƚШƽĲШĦċŰШůŸĬĲũШƣőĲШƓŸƓƨũċƣŔŸŰШĤĲƣƣĲƖвЮ



Mseed is the mass of the seed halo
mseed is the mass of the BH in the seed halo
pBH is the probability of BH merger when halos merge



John von Neumann

љìŔƣőШŉŸƨƖШƓċƖċůĲƣĲƖƚШfШĦċŰШŉŔƣШ
an elephant, and with five I can 
ůċťĲШőŔůШƽŔŊŊũĲШőŔƚШƣƖƨŰťЮњ

We need more data



xƨĦťŔũǃЯШƣőĲƖĲШŔƚШĦŸŰƚƣċŰƣũǃШŰĲƽШ?ċƣċвЮ



Å Luminosity Function is decreasing at higher redshifts, as expected
Å However, higher than expected beyond a redshift of 10.


