R torsion and analytic torsion for spaces with conical singularities
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Let W a compact connected orientable man-
ifold of finite dimension, with possible bound-
ary OW. Let g a Riemannian structure on
W. The R torsion 7((W,g);p) is a geomet-
ric invariant of the pair (W, g), defined by
the graded product of the determinant of the
changes of basis in the vector spaces of real
chains Co(W;Zm1(W),), defined for any or-
thogonal representation of the fundamental
group of W, p : m(W) — O(k). The ana-
lytic counter part of R torsion, the analytic
torsion T'((W, g);p), was introduced by Ray
and Singer in the seventies [1] and is defined
by the graded sum of the zeta regularized de-
terminant of the Laplace Beltrami operator on
smooth forms over (W, g). The equivalence of
the two torsions for a manifold without bound-
ary conjectured by Ray and Singer was proved
independently by J. Cheeger [2] and W. Miiller
[3]. Since then, several extensions and gen-
eralisations were studied. In particular, the
problem of determining the suitable extension
of torsion for manifolds with singularities was
addressed by early works of Dar [4] [5] and
after that somehow forgot, due to some incon-
sistency in the last works and lack of suitable
technics to tackle the problems due to the pres-
ence of the singularities. The first case to start
with is the one of conical singularities. From
the analytic point of view, the correct frame-
work for the definition of the analytic torsion
is that of square integrable forms, developed
in early works of Cheeger [6]. In this set-
ting it is possible to defined the suitable ex-
tension of the notion of analytic torsion for

a space with conical singularities. The first
natural question is to understand relationship
with the torsion of the section. This objective
was achieved by works of L. Hartmann and the
author [7] [8] [9] [10], and works of W. Miiller
and B. Vertmann [11] [12] using a technique
introduced by of the author for the zeta reg-
ularisation of a class of double sequences [13]
[14] [15]. The second natural question is to
find the suitable extension of the mentioned
Cheeger Miiller theorem. The candidate for R
torsion is intersection torsion, namely an in-
variant defined in the setting of intersection
homology theory of Gregory and Mac Pherson
[16] [17] [18] rather than in the usual homol-
ogy theory. However, some mayor problems
in the correct determination of the necessary
theory seems to prevent the natural suggested
path. We are now working on possible solu-
tions on these obstructions. The case of odd
dimensional manifolds was in fact satisfacto-
rily answered in recent preprint [19].
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