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The end of a black hole’s life
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The three quantum regions of a black hole spacetime

The quantum region of a black hole spacetime can be divided in three physically
independent subregions:

• Region B, where the black hole horizon reaches Planckian size at the end of the 
evaporation process;

• Region C, where the collapsing matter reaches Planckian density;
• region A, where the spacetime curvature reaches Planckian scale but the 

spacetime events belong neither to region B nor to region C.

Independent analyses of these three separate quantum regions consistently point
towards the scenario in which the black hole geometry undergoes a quantum
transition in the geometry of a white hole.

A classical metric satisfying Einstein field equations and covering the whole black-
to-white hole spacetime except for the quantum region can be explicitly
constructed.1,2
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The physics of the boundary of region B
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Quantum gravity framework
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Results and outlook

Black holes formation and evolution have been extensively studied at the classical level. However, little is known about the end of their
lives and about the true nature of the spacetime singularity in their interior, the description of which requires to consider the quantum
nature of the gravitational field. A very natural and conservative scenario describing the physics of both regions is the black-to-white hole
transition: the quantum transition of the black hole geometry in the geometry of a white hole. We study this quantum transition using the
spin foam formalism, explicitly computing the resulting transition amplitude. The ongoing numerical analysis of this transition amplitude
may provide an estimation of the back to-white transition timescales and improve the understanding of its phenomenology.

Focusing on the quantum transition of the horizon in region B, the physics of
the classical geometry induced on the boundary of region B is completely
determined by four parameters:3

• The mass m of the black hole at the moment in which the transition takes
place;

• The external asymptotic (retarded) time v it takes for the transition to
happen;

• The minimal external radius r+ for which the classical theory can still be
trusted;

• The minimal internal radius r- reached by the black hole interior in region A.

• The classical geometry induced on the boundary of region B, which is
characterized by the data (m,v,r±), uniquely defines the quantum boundary
state Ψ(m,v,r±) describing the outcome of the transition taking place inside
region B.

• Any sufficiently developed tentative theory of quantum gravity should be
able to assign a transition amplitude W(m,v,r±)=W[Ψ(m,v,r±)] to the
phenomenon.

• The transition amplitude W(m,v,r±) contains the whole physics of the last
stage of the life of the black hole and it can be used to study the
phenomenology of the black-to-white hole transition.

The spin foam formalism provides a clear quantum gravity framework to study this
scenario:3,4

• A concrete spin foam describing the quantum transition taking place inside
region B has been constructed;

• The coherent boundary state Ψ(m,v,r±) has been defined.
• The transition amplitude W(m,v,r±) associated to the constructed spin foam has

been explicitly computed.

The ongoing numerical analysis of this transition amplitude may provide an
estimation of the back-to-white transition timescales and improve the
understanding of its phenomenology.5,6
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