
 

 

1. Extreme Nuclear Transients -  Science & Technology 
Astronomers have discovered Extreme Nuclear Transients (ENTs), a new class of cosmic 

explosions more powerful than gamma-ray bursts, caused by supermassive black holes shredding 
massive stars. These rare, long-lasting events act as cosmological beacons, providing new insights into 
black hole physics and the distant universe. 

An Introduction to Extreme Nuclear Transients (ENTs) 
Recently discovered by astronomers, Extreme Nuclear Transients (ENTs) represent a new class of 

the most powerful explosions observed in the universe since the Big Bang, surpassing even Gamma-Ray 
Bursts (GRBs). 
Definition -  ENTs are exceptionally bright and long-lasting flares originating from the centres (nuclei) of 
distant galaxies. They are distinct from other known cosmic events like supernovae or standard Tidal 
Disruption Events (TDEs). 
Nature of Transients -  In astronomy, a "transient" refers to any celestial object or event that shows a 
rapid and significant change in its brightness over a relatively short period. 
Cosmic Violence -  The discovery of ENTs adds to the list of cataclysmic events that shape our universe, 
which include -  
1. Collisions between entire galaxies. 
2. Supernova explosions from dying massive stars. 
3. Powerful X-ray outbursts. 
4. Gamma-Ray Bursts (GRBs), which were previously considered the brightest known explosions. 
The Cause and Process of ENTs 

ENTs are believed to be triggered by a dramatic interaction between a massive star and a 
supermassive black hole (SMBH). 
Triggering Event -  The event occurs when a massive star, typically 3 to 10 times the mass of our Sun, 
wanders too close to a supermassive black hole at the center of its galaxy. 
The Process of "Spaghettification" -  The star is torn apart by the black hole's immense tidal forces. The 
side of the star closer to the black hole experiences a much stronger gravitational pull than the farther 
side. This differential force stretches the star into a long, thin stream of material, a process aptly named 
"spaghettification." As this stellar material is shredded and falls toward the black hole, it releases an 
enormous amount of electromagnetic energy, creating the observed flare. 
Observed Examples -  Notable discoveries that fall into the ENT category include events named 
Gaia16aaw, Gaia18cdj, and AT2021lwx. 
Key Characteristics of ENTs 

ENTs are distinguished by a unique set of properties that set them apart from other astronomical 
phenomena. 
Unprecedented Luminosity and Energy - They reach a peak luminosity of 2–7×1045 ergs per second. 
Their total energy output is a staggering 1052–1053 ergs, which is nearly 10 times greater than the  
energy released by the most powerful previously known events and 20-25 times brighter than the most 
powerful supernovae. 
Extended Timescales and Light Curve - Unlike supernovae that fade within weeks or months, ENTs have 
a smooth, bright emission that can last for several years. They take hundreds of days to reach their peak 
brightness and then fade gradually over a long period. 
Smooth and Stable Evolution -  The brightness of ENTs evolves smoothly without the irregular, stochastic 
flickering often seen in the outbursts of Active Galactic Nuclei (AGN). 
Specific Host Environments -  They are typically found in massive galaxies that host very large 
supermassive black holes and exhibit high rates of star formation. 
Extreme Rarity -  These events are incredibly rare, with an estimated occurrence frequency of 
approximately 10−3 per cubic Gigaparsec (Gpc3) per year. 
Collaborative Discovery -  Identifying these rare events required a global effort using data from multiple 
observatories, including the Gaia space mission, the Zwicky Transient Facility (ZTF), and the Keck 



 

 

Observatory. 
Comparison with Other Astronomical Events 
The table below highlights the key differences between ENTs and other major transient cosmic events. 

Feature 
Extreme Nuclear 
Transients (ENTs) 

Tidal Disruption 
Events (TDEs) 

Fast X-ray Transients 
(FXTs) 

Gamma-Ray Bursts 
(GRBs) 

Primary 
Cause 

A massive star (>3M☉) 
torn apart by a 
Supermassive Black Hole 
(SMBH). 

A Sun-like star 
torn apart by an 
SMBH. 

Often linked to 
supernovae or the 
collapse of compact 
objects. 

Collapse of a massive 
star (long GRB) or 
merger of neutron 
stars (short GRB). 

Total 
Energy 
Output 

Extremely High (1052–
1053 erg) 

High (1050–1051 
erg) 

Lower, less energetic 
than other events. 

Very High (1051–1052 
erg), but less than 
ENTs. 

Duration Very Long (Years) 
Long (Months to 
a year) 

Short (Minutes to 
hours) 

Very Short (Seconds to 
minutes) 

Host 
Galaxy 

Massive galaxies with 
large SMBHs and high 
star formation rates. 

Typically found in 
smaller, 
quiescent 
galaxies. 

Various types of 
galaxies. 

Often found in star-
forming regions of 
distant galaxies. 

Scientific Significance of ENTs 
The discovery of ENTs opens up new avenues for research in astrophysics and cosmology. 

New Frontier in Astrophysics -  It establishes an entirely new class of objects for study, pushing the 
boundaries of our understanding of transient phenomena. 
Probing Black Hole Physics -  ENTs provide direct observational evidence of supermassive black holes 
actively consuming massive stars, offering a natural laboratory to study these extreme interactions. 
A Powerful Cosmological Tool -  Due to their immense brightness, ENTs can act as powerful "beacons" or 
cosmic lighthouses. They can illuminate the vast distances of the universe, allowing astronomers to map 
the distribution of galaxies and study the interstellar matter that lies between them and us. 
Appendix -  Understanding Black Holes 
Black Hole - A black hole is a region in spacetime where gravity is so intense that nothing, not even light, 
can escape its pull. They are formed when a massive amount of matter is squeezed into an incredibly 
small space. 
Examples -  Well-known black holes include Cygnus X-1 (a stellar-mass black hole) and Sagittarius A* 
(the supermassive black hole at the center of our Milky Way galaxy). 
Types of Black Holes by Mass -  
Stellar-Mass Black Holes -  Formed from the gravitational collapse of individual massive stars. Their 
mass ranges from a few to hundreds of times that of the Sun. They are often found in binary systems 
where they pull matter from a companion star, generating X-rays. 
Supermassive Black Holes (SMBHs) -  Giants found at the centers of most galaxies, including our own. 
Their masses range from hundreds of thousands to billions of solar masses. Their origin is still a topic of 
active research. 
Intermediate-Mass Black Holes (IMBHs) -  A theorized "missing link" between stellar-mass and 
supermassive black holes, with masses from hundreds to hundreds of thousands of solar masses. They 
are very difficult to detect, but a recent finding in the NGC 4395 galaxy is a promising candidate. 
Primordial Black Holes -  A hypothetical type of black hole that may have formed in the very early 
universe, shortly after the Big Bang. They could range in size from microscopic to as large as 100,000 
solar masses. 
Source -  https - //www.thehindu.com/sci-tech/science/extreme-nuclear-transients-astronomers-
spot-biggest-bangs-since-big-bang/article70076686.ece 
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