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DESCRIPTION
Black holes, enigmatic cosmic entities formed from the 
gravitational collapse of massive stars, have captivated the 
human imagination for decades. Theories surrounding their 
nature, behavior, and even their role in the universe's evolution 
have pushed the boundaries of our understanding of physics. 
One intriguing phenomenon associated with black holes is the 
Hawking-Page transition, a concept that introduces a link 
between black holes and thermal phase transitions, akin to those 
observed in everyday matter. This article delve into the 
intricacies of the Hawking-Page transition, shedding light on its 
significance and implications for our comprehension of black 
hole dynamics.

The black hole thermodynamics

The groundbreaking work of Stephen Hawking in the 1970s 
revolutionized our understanding of black holes by 
demonstrating that they are not entirely devoid of 
thermodynamic properties. Hawking's theory of black hole 
evaporation revealed that, due to quantum effects near the event 
horizon, black holes emit radiation and gradually lose mass over 
time, eventually leading to their complete evaporation. This 
discovery established a direct connection between black holes 
and thermodynamics, with temperature, entropy, and energy 
now being fundamental aspects of their existence.

Thermal phase transitions and gravity

One of the intriguing aspects of the universe is that some 
phenomena, seemingly disparate, exhibit underlying similarities. 
The Hawking-Page transition draws a remarkable analogy 
between the behavior of black holes and familiar thermal phase 
transitions, such as the transition between liquid and gas phases 
in everyday matter. In the context of black holes, this transition 
highlights a shift between different solutions of Einstein's 
equations of general relativity.

Hawking-Page transition

The Hawking-Page transition specifically relates  to  the  behavior 
of black holes in Anti-de Sitter (AdS) space, a negatively curved 
space-time described by string theory and certain branches of 
theoretical physics. In the AdS space-time, black holes can have a 

thermal equilibrium with their surroundings. If the temperature 
of the black hole is less than a critical value, the black hole 
coexists with thermal AdS space. However, as the black hole's 
temperature increases, there is a critical point at which the black 
hole's energy is on par with the energy of thermal AdS space. 

Beyond this critical point, the black hole becomes 
thermodynamically favored and undergoes a phase transition 
analogous to the vaporization of a liquid into a gas. This phase 
transition is accompanied by a change in the topology of space-
time, wherein a black hole in AdS space becomes the dominant 
configuration. This marks the Hawking-Page transition, where 
the system transitions from the thermal equilibrium of black hole 
and AdS space coexistence to a dominant black hole state.

Significance and implications

The Hawking-Page transition is significant not only for its 
theoretical elegance but also for its potential insights into the 
fundamental nature of gravity and its interplay with other forces. 
The transition underscores the profound interconnection 
between thermodynamics and gravity, hinting at the possibility 
of discovering a more unified theory that harmonizes these 
seemingly disparate aspects of the universe.

Furthermore, the Hawking-Page transition has far-reaching 
implications for various fields of physics. It plays a pivotal role in 
the context of the AdS/CFT correspondence, a conjectured 
duality between gravitational theories in AdS space and 
conformal field theories in lower-dimensional space-times. This 
duality has opened new avenues for understanding the 
fundamental nature of quantum gravity and its connection to 
well-established theories, such as quantum field theory.

Current research and future prospects

While the Hawking-Page transition has been extensively studied 
in the context of anti-de Sitter space, researchers are actively 
exploring its implications  in  broader  contexts,  including  other 
space-time geometries and extensions of gravitational theories 
beyond general relativity. These investigations hold the potential 
to provide insights into the nature of black holes in various 
gravitational environments and may even shed light on the yet-
unknown quantum theory of gravity. 
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fundamental laws that govern the universe. As our understanding 
of black holes continues to evolve, the Hawking-Page transition 
serves as a testament to the rich interplay between theoretical 
physics and our quest to comprehend the cosmos.
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The Hawking-Page transition presents a captivating bridge 
between black hole physics and thermal  phase  transitions.  This 
concept unveils the remarkable connection between 
thermodynamics   and   gravity,  illuminating  new  facets  of  the 
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