KERR UNIQUENESS AND WHAT TRAPPING ’S GOT TO DO
WITH IT
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ABsTRACT. These are lecture notes for an informal lecture at Mittag Leffler.
They are accordingly sluggish, brief and incomplete. They should however give
a good overview of the problem and the ideas and fractional results floating
around.

Warning: the discussion of the literature is not very rigorous and the exact
conditions used and statements made might be different. The goal here is just
to convey the general ideas.
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1. THE PROBLEM

One of the open conjectures in General Relativity is, whether in 3+1 dimensions
the Kerr family of spacetimes are the only asymptotically flat, stationary (7' from
here on being the Killing vector field that is timelike at infinity) black hole solution
(there exists an event horizon HY, H~ with positive surface gravity £ > 0) to
the Einstein vacuum equations (R, = 0). The first uniqueness theorem for black
holes was proven by Birkhoff in spherical symmetry. Since then, there have been
numerous results for static spacetimes with varying assumptions.

Speaking of assumptions: I will assume in the following (M, g) to be a 3+1
dimensional manifold with Lorentzian metric with signature (—,+,+,+). M is a
globally hyperbolic, asymptotically flat black hole spacetime with boundary H+ U
H~. (i.e I m only concerned with the domain of outer communications here)

A uniqueness result is known under the additional assumption of axi-symmetry
due to Carter and Robinson (these proves must make use of the vacuum EFE right?).
Hawking demonstrated that there exists a second Killing vector field on the horizon
and then used Cauchy-Kovalevskaya to extend it off the Horizon. Then one can
apply the result by Carter and Robinson to show the full result. The Problem
here is that Cauchy-Kovalevskaya uses analyticity and hence Hawking’s result only
proves uniqueness within the class of analytical solutions of the Einstein vacuum
equations. This is very restrictive. One result by Klainerman and collaborators
shows that Kerr is unique in a neighbourhood of Kerr. L.e. if you assume that you
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