Isolated systems are asymptotically...
flat
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In the extraordinary manuscript The
Foundation of the Generalised Theory of
Relativity, printed in 1916 in Annalen der
Physics, Einstein begins addressing
what he calls an epistemological defect
of classical mechanics, (as well as of
special relativity), whose dignity he
attributes to E Mach. He imagined two
bodies, A and B, made of the same fluid
material and sufficiently separated from
each other that none of the properties of
one could be attributed to the existence
of the other. Observers at rest in one
body, he continues, see the other body

rotating at a constant angular velocity,

yet these same observers measure a
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It is then asked: “Why is this difference
between the two bodies?”.
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in geometry and the mathematical structure
of general relativity cannot be found inside the system A+B
only; it must lie in its exterior: the outer
empty space. Now we know that what
we omitted in the argumentation above
and that caused the apparent disparity, was realising that the empty space obeys also physical
laws. These laws, which treat the parts A and B of the system A + B + Exterior Empty Space on
an equal footing, are the Einstein equations of general relativity. There is one solution of the
vacuum Einstein equations having a distinctive relevance: The flat Minkowski space. The
asymptotic of isolated systems in particular, like the ideal system A+B above, was since ever
modelled with the Minkowski spacetime. When we imagine a neutron star revolving a black hole
we are making this assumption automatically. Asymptotic flatness was, and still is, an
indisputable premise of isolated systems. This automatism roots deeply in our thinking and is
historically related to the disparity above.
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But in principle there could exist other natural asymptotics; could that be? In our sequence of
papers (1,2) published in CQG it was proved that, under rather basic assumptions, asymptotic
flatness is indeed the only possibility. More technically, we require that the three-space outside the
material sources of the isolated system has the topology of the Euclidean three-space with a ball
removed, and, in addition, that the system is in strict stationary equilibrium in such region. Then it
is deduced that the spacetime is asymptotically flat.

The article discusses the extents and limitations of this result, highlighting particularly on the
minimality of the hypothesis. Reference is made to the work of Michael Anderson on the
uniqueness of the Minkowski spacetime and which was greatly influential.

Besides its theoretical interest there was also a concrete physical motivation: what can general
relativity say about the gravitational distortions observed on the asymptotic of galaxies and which
are commonly ascribed to the presence of dark matter? It appears that general relativity can only
agree on the existence of dark matter as an unavoidable conclusion of the observations.
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