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A popular explanation for the microscopic origin of Bekenstein's
black hole entropy is the conjecture that this entropy can be
ascribed to a collection of (1+1) dimensional conformal field
theories that reside at the horizon, and defined on the two-plane
perpendicular to the horizon.

If this 1s to be the case, then the Einstein equations must force
the Ricci curvature to possess a high degree of symmetry at the
horizon.

We test this hypothesis by working directly with the spacetime
geometry for a generic rotating black hole - constrained only by
the existence of a stationary non-static Killing horizon, and with
otherwise arbitrary matter content - to show that the Einstein
tensor block diagonalizes on the horizon.

This 1s a specific example of an "enhanced symmetry" that manifests
only at the horizon itself.
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Introduction:

When combined with the idea of QFT holography,

it becomes plausible to think of the horizon as a
“membrane” on which to define a set of surface
degrees of freedom which are a “dual representation”
of the internal degrees of freedom of the black hole.
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So a consistency check on this whole scenario is that
the spacetime geometry must exhibit an “enhanced
symmetry’ at the horizon.
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At the horizon of any stationary (or static) black hole
the Einstein tensor satisfies:

Where is a tensor that lies entirely within the
horizon.
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Plausibility argument:

The easiest way to see this is to start from the general
static spherically symmetric geometry and explicitly
calculate the Einstein tensor.
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The horizon occurs at:

If the geometry is to be regular at the horizon, then
and its derivatives must be finite at the horizon.

The surface gravity is then:

The Einstein tensor at the horizon reduces to:
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Indeed there must be a radial tension at the horizon
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At any Killing horizon:

with the tensor lying entirely within the horizon.
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Even if an astrophysically relevant black hole spacetime
does not contain a bifurcation surface, as long as it
approaches a stationary limit, that stationary limit will
under mild conditions (Racz,Wald) have an extension
that does contain a bifurcation surface...
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Now decompose the Einstein tensor in this null basis.
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The Killing vector is a null eigenvector of the
Einstein tensor!
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The form of the stress-energy at the horizon
is very tightly constrained by the geometry.
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These are appropriate specifically for rotating black holes.

Under mild technical conditions:
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(Similar results in extremal case.)
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This verifies, by explicit computation, the result of
our general argument, and provides additional and
specific information regarding the coefficients...
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This purely geometrical statement strongly constrains

the near-horizon stress tensor in a manner compatible

with the existence of on-horizon CFT-like microstates,

supporting the idea of a generic low-energy basis for
the Bekenstein black hole entropy.
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