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COVERING SPACES OF 3-MANIFOLDS

JOEL HASS, HYAM RUBINSTEIN AND PETER SCOTT

Let M be a closed P2-irreducible 3-manifold with infinite fundamental
group. It is a long-standing conjecture that the universal cover M of M
must be homeomorphic to R3. Waldhausen [Wa] proved that this is the case
when M is Haken. The first result of this announcement is the following
generalization of Waldhausen’s result.

THEOREM 1. Let M be a closed P2-irreducible 3-manifold. If m1(M)
contains the fundamental group of a closed surface other than S% or P2 then
the universal cover of M is homeomorphic to R3.

We will say that a 3-manifold is almost compact if it can be obtained from
a compact manifold N by removing a closed subset of 9N. Then Theorem
1 is equivalent to the assertion that the universal covering of M is almost
compact. A natural way to attempt to generalize Theorem 1 is to show that
other coverings of M are almost compact. It was conjectured by Simon [Si]
that if M is any compact P2-irreducible 3-manifold and if M; is a covering
of M with finitely generated fundamental group then M; must be almost
compact. Simon verified this conjecture for the case when 71 (M) is the fun-
damental group of a boundary component of M. Jaco [J] generalized this to
the case when m1(M,) is a finitely generated peripheral subgroup of 71(M).
More recently, Thurston [Th] showed that if M admits a geometrically fi-
nite complete hyperbolic structure of infinite volume then Simon’s conjecture
is true. Finally, Bonahon [B] showed that any hyperbolic 3-manifold with
finitely generated fundamental group is almost compact provided that m; (M)
is not a free product.

The second result of the announcement is the following.

THEOREM 2. Let M be a closed P?-irreducible 3-manifold such that my (M)
contains a subgroup A isomorphic to Z x Z. Then the covering M 4 of M with
m1(M4) = A i3 almost compact.

If M is Haken then the conclusion of the theorem follows immediately from
Simon’s work (8i]. For the crucial condition needed in [Si] is that if H is any
finitely generated subgroup of m;(M), then H N A is also finitely generated,
and this obviously holds, as A is isomorphic to Z x Z. If M is not Haken,
then the version of the Torus Theorem proved by Scott [Sc| shows that some
infinite cyclic subgroup of A must be normal in 7;(M). Now the following is
another long-standing conjecture.
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