
EARLY FORMATION OF SUPERMASSIVE BLACK HOLES 
 
Abstract: 
 
Observation of very high redshift quasars and radio-galaxies whose activities are due to the 
central engines driven  by  accretion of matter onto supermassive black holes (SMBHs), often 
more massive  than billion solar masses, implies generation of  SMBHs when the universe was 
only about a billion years old.  Production of  such heavy black holes from  infalling matter  on 
the relics left behind by the first stars  raises more questions than solving the  riddle of the early 
formation of SMBHs. 
To address the central conundrum, I will  discuss various models proposed by Rees, Begelman, 
Volonteri and several others regarding the creation of SMBHs. I will also present our  models in 
which Bose-Einstein condensation (BEC)  of dark matter constituted by axion-like light particles 
(ALPs), evolving according to quantum theory  as well as  gravitation,  entails formation of 
SMBHs.   According to  our models,  SMBHs  can  form even when the universe is only a 
hundred million years old. Recent discoveries  by JWST  of  numerous `red dots’ in the early 
universe suggest that the latter might be nascent SMBHs undergoing accretion of  matter.  
 


