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TITS G E O M E T R Y A S S O C I A T E D W I T H 
4 - D I M E N S I O N A L CLOSED R E A L - A N A L Y T I C 

M A N I F O L D S OF N O N P O S I T I V E C U R V A T U R E 

CHRISTOPH HUMMEL k VIKTOR SCHROEDER 

Abstrac t 
We investigate the geometry and topology of the Tits boundary associated 
with 4-dimensional closed, real-analytic manifolds of nonpositive curvature. 
We show that each homotopically nontrivial component is a union of geo
metric boundaries of flats in the corresponding Hadamard manifold and this 
can be used to describe the structure of its maximal dimensional quasi-flats. 
The homotopically trivial components are intervals of length smaller than 
7T and we give a necessary and sufficient criterion for the existence of such 
intervals of length greater than zero. 

Int roduct ion 

The Tits boundary T X = (X(oo),Td) of a complete, simply con
nected, nonpositively curved Riemannian manifold X is a metric space 
which reflects parts of the asymptotic geometry of X. In this paper we 
obtain a description of this space in the case that X is the universal 
covering of a compact real-analytic Riemannian manifold of nonposi
tive sectional curvature and dimension < 4. While the situation in the 
2- and 3-dimensional case is quite obvious and easy to describe (com
pare Section 1), new and interesting phenomena occur in dimension 4. 
Roughly speaking, up to dimension 3 the nontrivial components of T X 
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