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The convergence of quantum information science and black hole physics opens
profound questions about energy, entropy, and reversibility. Reversible quantum
entanglement, emerging as a foundational tool in quantum technologies, underpins
the concept of quantum batteries—devices capable of storing and releasing energy
through  entangled  correlations  that  surpass  classical  limits.  These  reversible
dynamics resonate with black hole thermodynamics, where the central challenge
lies in the information paradox. Traditionally, Hawking radiation was believed to
irreversibly  erase  information,  but  new  perspectives  rooted  in  entanglement
suggest pathways for its retrieval, restoring unitarily even in gravitational collapse.

Quantum batteries, through their reversible entangled correlations, reflect the role
of black holes as custodians of energy, embodying a dynamic balance of entropy
growth,  energy  transfer,  and  information  flow.  This  analogy  highlights  how
quantum coherence  can  reframe information  loss  as  transformation  rather  than
destruction.  By  integrating  reversible  entanglement  protocols,  battery-inspired
models, and holographic principles, theoretical physics may uncover strategies for
conserving  information  under  extreme  conditions.  Such  synthesis  not  only
advances  quantum technologies  but  also  deepens  understanding  of  space-time,
thermodynamics,  and  cosmology,  offering  fresh  approaches  to  the  black  hole
information paradox.


