
 

 
Origins and probes of unusually light black holes 

 
An artist’s depiction of a binary black hole merger. Credit: Wiki/SXS (Simulating eXtreme Spacetimes) project 

In recent years, gravitational wave observatories have detected mergers of compact astrophysical 

objects with low masses, at best a few times that of the Sun. The identities of these objects remain 

unclear. If indeed these are black holes, these would be the lightest black holes yet detected. As the 

search for low mass objects continues, if even lower mass black holes are seen, understanding their 

origin will pose a fundamental challenge to known physical theories.  

Under normal circumstances, black holes cannot be lighter than 1.4 times the mass of the Sun. Black 

holes are usually created in the deaths of old massive stars. When the mass of the iron core inside a 

star exceeds the so-called Chandrasekhar limit of about 1.4 times the mass of the Sun, the core 

collapses under its own gravitational pull, forming a black hole, while the rest of the star explodes as 

a supernova. Naturally, a black hole lighter than the Chandrasekhar limit cannot be produced via 

standard stellar evolution and would point towards exciting new physics. 

In their paper published in Physical Review Letters, theoretical physicists from TIFR Mumbai and 

IISc Bangalore argue for an alternate mechanism for black hole formation: neutron stars can 

transmute to low mass black holes, by accreting dark matter. Building on related recent work by 

groups in Belgium, Denmark, and USA, the TIFR-IISc study notes that transmutation is more generic 

than previously realized. This theory predicts that, under suitable conditions, dark matter accreted 

from the surroundings of a neutron star settles in the core and can collapse to a black hole with a tiny 

mass of around one octillionth of the mass of the Sun. This microscopic black hole eats up the neutron 

star, converting all of it into a black hole. In the end, one finds a black hole with almost the same mass 

as that of the original neutron star. As neutron stars have masses around 1-2 times the mass of the 

Sun, transmuted black holes can be as light as the lightest neutron star, which would appear to evade 

the Chandrasekhar limit! 



 

The study points out signatures of the transmutation hypothesis, that could be used to test the theory. 

A key prediction is that most of the low mass black holes follow the pattern shown by neutron stars, 

and should be observed to be undergoing mergers at a redshift of around 1, where the star formation 

rate peaks. At much higher redshift, one ought not to find too many low mass black holes. 

Although low mass black holes have not been conclusively detected yet, there are already competing 

theories for how they could arise. Most notably, these light black holes could also be created 

primordially — i.e., very early in the Universe, right after the Big Bang before any stars or galaxies 

had formed. If the low mass black holes are primordial, their merger rate increases with higher 

redshift, unlike what is predicted by the transmutation theory. The authors therefore suggest that 

measurement of binary merger rates by the imminent gravitational wave detectors can conclusively 

test the origin of low mass black holes. 
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