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Abstract. In this paper we extend the holomorphic analytic torsion classes of Bismut and Kohler
to arbitrary projective morphisms between smooth algebraic complex varieties. To this end, we
propose an axiomatic definition and give a classification of the theories of generalized holomorphic
analytic torsion classes for projective morphisms. The extension of the holomorphic analytic tor-
sion classes of Bismut and Kohler is obtained as the theory of generalized analytic torsion classes
associated to —R/2, R being the R-genus. As an application of the axiomatic characterization, we
give new simpler proofs of known properties of holomorpic analytic torsion classes, we give a char-
acterization of the R-genus, and we construct a direct image of hermitian structures for projective
morphisms.
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1. Introduction

The aim of this paper is to extend the classes of analytic torsion forms introduced by Bis-
mut and Kohler to arbitrary projective morphisms between complex algebraic varieties.
The main tool for this extension is an axiomatic characterization of all the possible theo-
ries of holomorphic analytic torsion classes. Before stating what we mean by a theory of
holomorphic analytic torsion classes, we briefly recall the origin of analytic torsion.
R-torsion is a topological invariant attached to certain euclidean flat vector bundles
on a finite CW-complex. This invariant was introduced by Reidemeister and general-
ized by Franz in order to distinguish non-homeomorphic lens spaces that have the same
homology and homotopy groups. Let W be a connected CW-complex and let K be an
orthogonal representation of 711 (W). Then K defines a flat vector bundle with a euclidean
inner product Eg. Assume that the chain complex of W with values in Ex is acyclic.
Then the R-torsion is the determinant of this complex with respect to a preferred basis.
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Later, Ray and Singer introduced an analytic analogue of R-torsion and they con-
jectured that, for compact riemannian manifolds, this analytic torsion agrees with the
R-torsion. This conjecture was proved by Cheeger and Miiller. If W is a riemannian man-
ifold and K is as before, then we have the de Rham complex of W with values in Ex
at our disposal. The hypothesis on K implies that (Q2*(W, Eg), d) is also acyclic. Then
analytic torsion is essentially the determinant of the de Rham complex. Here the difficulty
is that the vector spaces QP (W, Ek) are infinite-dimensional and therefore the “determi-
nant” has to be defined using a zeta function regularization involving the laplacian. More
details on the construction of R-torsion and analytic torsion can be found in [41].

Ray and Singer observed that, with the help of hermitian metrics, the acyclicity con-
dition can be removed. Moreover, their definition of analytic torsion can be extended to
any elliptic complex. In [42], they introduced a holomorphic analogue of analytic torsion
as the determinant of the Dolbeault complex. They also studied some of its properties and
computed some examples. In particular, they showed that this invariant depends on the
complex structure and they gave a hint that holomorphic analytic torsion should be inter-
esting in number theory. This holomorphic analytic torsion and its generalizations are the
main object of study of the present paper. Since this is the only kind of analytic torsion
that we will consider, throughout the paper, by analytic torsion we will mean holomorphic
analytic torsion.

In [40], Quillen, using analytic torsion, associated to each holomorphic hermitian vec-
tor bundle on a Riemann surface a hermitian metric on the determinant of its cohomology.
Furthermore, he showed that this metric varies smoothly with the holomorphic structure
on the vector bundle. He also computed the curvature of the hermitian line bundle on the
space of all complex structures obtained in this way.

Subsequently Bismut and Freed [7], [8] generalized the construction of Quillen to
families of Dirac operators on the fibers of a smooth fibration. They obtained a smooth
metric and a unitary connection on the determinant bundle associated with the family
of Dirac operators. Furthermore, they computed the curvature of this connection, which
agrees with the degree 2 part of the differential form obtained by Bismut in his proof of the
Local Family Index theorem [2]. Later, in a series of papers [9], [10], [11], Bismut, Gillet
and Soulé considered the case of a holomorphic submersion endowed with a holomorphic
hermitian vector bundle. They defined a Quillen type metric on the determinant of the
cohomology of the holomorphic vector bundle. In the locally Kéhler case, they showed
the compatibility with the constructions of Bismut—Freed. In addition they described the
variation of the Quillen metric under change of the metric on the vertical tangent bundle
and on the hermitian vector bundle. The results of [9], [10], [11] represent a rigidification
of [7], [8]. All in all, these works explain the relationship between analytic torsion and
the Atiyah—Singer index theorem and, in the algebraic case, with Grothendieck’s relative
version of the Riemann—Roch theorem.

In [20], Deligne, inspired by the Arakelov formalism, gave a formula for the Quillen
metric that is a very precise version of the degree one case of the Riemann—Roch theorem
for families of curves. This result is in the same spirit as the arithmetic Riemann—Roch
theorem of Faltings [23]. In [29], Gillet and Soulé conjectured an arithmetic Riemann—
Roch formula that generalizes the results of Deligne and Faltings. Besides the Quillen
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metric, this Riemann—Roch formula involves a mysterious new odd additive characteristic
class, the R-genus, that they computed with the help of Zagier.

In [14] Bismut and Lebeau studied the behavior of analytic torsion with respect
to complex immersions. Their compatibility formula also involved the R-genus. Later
Bost [15] and Roessler [43] explained, using geometric arguments, why the same genus
appears both in the arithmetic Riemann—Roch formula and the Bismut-Lebeau compat-
ibility formula. However these geometric arguments do not characterize the R-genus.
Gillet and Soulé [30] proved the degree one part of the arithmetic Riemann—Roch theo-
rem. A crucial ingredient of the proof is the compatibility formula of Bismut-Lebeau.

In order to establish the arithmetic Riemann—Roch theorem in all degrees it was nec-
essary to generalize analytic torsion and define higher analytic torsion classes. It was
clear from [30] that, once a suitable theory of higher analytic torsion classes satisfying
certain properties were developed, the arithmetic Riemann—Roch theorem would follow.
A first definition of such forms was given by Gillet and Soulé [29], but they did not
prove all the necessary properties. A second equivalent definition was given by Bismut
and Kohler [13], where some of the needed properties were proved. The compatibility
of higher analytic torsion classes with complex immersions, i.e. the generalization of the
Bismut-Lebeau compatibility formula, was proved in [3]. As a consequence, Gillet, Soulé
and Rossler [25] extended the arithmetic Riemann—Roch theorem to arbitrary degrees.

In the book [24], Faltings followed a similar strategy to define direct images of her-
mitian vector bundles and proved an arithmetic Riemann—Roch formula up to a unique
unknown odd genus.

The arithmetic Riemann—Roch theorems of Gillet—Soulé and Faltings deal only with
projective morphisms between arithmetic varieties that, at the level of complex points,
define a submersion. By contrast, in his thesis [49] Zha follows a completely different
strategy to establish an arithmetic Riemann—Roch theorem without analytic torsion. His
formula does not involve the R-genus. Moreover Zha’s theorem is valid for any projective
morphism between arithmetic varieties.

In [44], Soulé advocates for an axiomatic characterization of analytic torsion, similar
to the axiomatic characterization of Bott—Chern classes given by Bismut—Gillet—Soulé
in [9]. Note that R-torsion has also been generalized to higher degrees giving rise to
different higher torsion classes. In [33], [gusa gives an axiomatic characterization of these
higher torsion classes.

We now explain more precisely what we mean by a theory of generalized analytic
torsion classes. The central point is the relationship between analytic torsion and the
Grothendieck—Riemann—Roch theorem. From now on, by a smooth complex variety we
will mean the complex manifold associated to a smooth quasi-projective variety over C.

Let 7: X — Y be a smooth projective morphism of smooth complex varieties. Let
w be a closed (1, 1)-form on X that induces a Kihler metric on the fibers of 7 and,
moreover, a hermitian metric on the relative tangent bundle 7,,. We denote by T, the
relative tangent bundle equipped with this metric.

Let F = (F, h") be a hermitian vector bundle on X such that for every i > 0, Rz, F
is locally free. We consider on R'm, F the L? metric obtained using Hodge theory on the

fibers of 7 and denote the corresponding hermitian vector bundle as Rim,F. To these
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data, Bismut and Kohler associate an analytic torsion differential form t that satisfies the
differential equation

%007 = Z(—l)" ch(Rim, F) — w4 (ch(F) Td(Ty)), (1.1)

where * is a factor that takes into account that we are working with characteristic classes
with the algebro-geometric normalization, while Bismut and Kohler work with the topo-
logical normalization (see Section 8 for more details). Moreover, if we consider the class
of 7 up to Im 3 4+ Im 8, then 7 behaves nicely with respect to changes of metric.

The Grothendieck—Riemann—Roch theorem in de Rham cohomology says that the
differential form on the right side of (1.1) is exact. Thus, the existence of higher analytic
torsion classes provides an analytic proof of this theorem.

Since the Grothendieck—Riemann—Roch theorem is valid in more generality, it is nat-
ural to extend the notion of higher analytic torsion classes to non-smooth morphisms. To
this end we will use the language of hermitian structures on the objects of the bounded
derived category of coherent sheaves developed in [17]. In particular we will make ex-

tensive use of the category D’ introduced there. Since, from now on, derived categories
will be the natural framework, all functors will be tacitly assumed to be derived functors.
Let f: X — Y be a projective morphism between smooth complex varieties. Let F be
a hermitian vector bundle on X. Now, the relative tangent complex 7y and the derived
direct image fi F are objects of the bounded derived category of coherent sheaves on X
and Y respectively. Since X and Y are smooth, using resolutions by locally free sheaves,
we can choose hermitian structures on Ty and f, F. Hence we have characteristic forms
ch(f.F) and Td(T 7). We denote by f the morphism f together with the choice of hermi-
tian structure on Ty. Then the triple & = (f,F, f.F) will be called a relative hermitian
vector bundle. This is a particular case of the relative metrized complexes of Section 2.

Then, a generalized analytic torsion class for £ is the class modulo Imd + Im d of a
current that satisfies the differential equation

%30T = ch(fi F) — fi(ch(F) Td(T f)). (1.2)

Note that such a current t always exists: the Grothendieck—Riemann—Roch theorem in de
Rham cohomology implies that the right hand side of (1.2) is an exact current. Thus, if Y
is proper, the dd‘-lemma implies the existence of such a current. When Y is non-proper,
a compactification argument allows us to reduce to the proper case.

Of course, in each particular case, there are many choices for . We can add to t any
closed current and obtain a new solution of (1.2). By a theory of generalized analytic
torsion classes we mean a coherent way of choosing a solution of (1.2) for all relative
hermitian vector bundles, satisfying a certain natural minimal set of properties.

Each theory of generalized analytic torsion classes gives rise to a definition of direct
images in arithmetic K -theory and therefore to an arithmetic Riemann—Roch formula. In
fact, the arithmetic Riemann—Roch theorems of Gillet—Soulé and of Zha correspond to
different choices of a theory of generalized analytic torsion classes. We leave for a subse-
quent paper the discussion of the relation with the arithmetic Riemann—Roch formula.

Since each projective morphism is the composition of a closed immersion followed
by the projection of a projective bundle, it is natural to study first the analytic torsion
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classes for closed immersions and projective bundles and then combine them in a global
theory of analytic torsion classes.

In [19] the authors studied the case of closed immersions (see Section 3). The general-
ized analytic torsion classes for closed immersions are called singular Bott—Chern classes
and we will use both terms interchangeably. The definition of a theory of singular Bott—
Chern classes is obtained by imposing axioms analogous to those defining the classical
Bott—Chern classes [26]. Namely, a theory of singular Bott—Chern classes is an assign-
ment that, to each relative hermitian vector bundle ? = (7, F, f«F), with f a closed
immersion, assigns the class of a current 7' (£) on Y, satisfying the following properties:

(1) the differential equation (1.2);
(i1) functoriality for morphisms that are transverse to f;
(iii) a normalization condition.

A crucial observation is that, unlike the classical situation, these axioms do not character-
ize the singular Bott—Chern classes uniquely. Consequently there are various nonequiv-
alent theories of singular Bott—Chern classes. They are classified by an arbitrary charac-
teristic class of F" and Ty. If we further impose the condition that the theory is transitive
(that is, compatible with composition of closed immersions) and compatible with the pro-
Jection formula, then the ambiguity is reduced to an arbitrary additive genus on Ty. The
uniqueness can be obtained by adding to (i)—(iii) an additional homogeneity property. The
theory obtained is transitive and compatible with the projection formula and agrees (up
to normalization) with the theory introduced in [12].

Similarly, one can define a theory of analytic torsion classes for projective spaces
(Section 5). This is an assignment that, to each relative hermitian vector bundle £ =
(f. F, f<F), where f: P, — Y is the projection of a trivial projective bundle, assigns
the class of a current 7 (£) with the properties analogous to (i)—(iii), plus additivity and
compatibility with the projection formula. The theories of analytic torsion classes for
projective spaces are classified by their values in the cases Y = Spec C,n > 0, F = O(k),
0 < k < n for one particular choice of metrics (see Theorem 5.9).

We say that a theory of analytic torsion classes for closed immersions and one for
projective spaces are compatible if they satisfy a compatibility equation similar to the
Bismut-Lebeau compatibility formula for the diagonal immersion A: P, — Pg x Pg,
n > 0. Given a theory of singular Bott—Chern classes that is transitive and compatible
with the projection formula, there exists a unique theory of analytic torsion classes for
projective spaces that is compatible with it (Theorem 6.4).

The central result of this paper (Theorem 7.7) is that, given a theory of singular Bott—
Chern classes and a compatible theory of analytic torsion classes for projective spaces,
they can be combined to produce a unique theory of generalized analytic torsion classes
(Definition 7.1). Moreover, every theory of analytic torsion classes arises in this way. Thus
we have a complete classification of the theories of generalized analytic torsion classes
by additive genera.

Once we have proved the classification theorem, we derive several applications. The
first consequence of Theorem 7.7 is that the classes of analytic torsion forms of Bismut—
Kohler arise as the restriction to smooth projective morphisms of the theory of gener-
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alized analytic torsion classes associated to minus half the R-genus (Theorem 8.8). In
particular, we have succeeded in extending Bismut—Kohler analytic torsion classes to
arbitrary projective morphisms in the category of smooth quasi-projective complex vari-
eties. Moreover, we reprove, in the quasi-projective setting, and generalize to non-smooth
projective morphisms, the theorems of Berthomieu-Bismut [1] and Ma [35], [36] on the
compatibility of analytic torsion with the composition of submersions (Corollary 8.11).
Note however, that the results of Bismut—Kohler, Berthomieu—Bismut and Ma are valid
for Kihler fibrations of complex manifolds without the hypothesis of quasi-projectivity,
while in this paper all varieties are quasi-projective.

The second application of the classification theorem is a characterization of the R-
genus. From the axiomatic point of view, the role played by the R-genus is mysterious. It
would seem more natural to consider the generalized analytic torsion classes associated
to the trivial genus 0. This is the choice made implicitly by Zha in his thesis [49]. In
fact, from our point of view, one of the main results of Zha’s thesis is the existence of a
theory of analytic torsion classes associated to the trivial genus. This theory leads to an
arithmetic Riemann—Roch formula identical to the classical one without any correction
term. Thus, one is tempted to consider the R-genus as an artifact of the analytic definition
of analytic torsion. Nevertheless, by the work of several authors, the R-genus seems to
have a deeper meaning. A paradigmatic example is the computation by Bost and Kiihn
[34] of the arithmetic self-intersection of the line bundle of modular forms on a modular
curve, provided with the Petersson metric. This formula gives an arithmetic meaning to
the first term of the R-genus. Thus it is important to characterize the R-genus from an
axiomatic point of view and to understand its role in the above computations.

From a theorem of Bismut [5] we know that the Bismut—Kohler analytic torsion
classes of the relative de Rham complex of a Kihler fibration (with the appropriate her-
mitian structures) vanish. This result is important because one of the main difficulties
to apply the arithmetic Riemann—Roch theorem is precisely the estimation of analytic
torsion. Moreover, this result explains why the terms of the R-genus appear in different
arithmetic computations. For instance, the equivariant version of this result (due to Mail-
lot and Roessler in degree 0 and to Bismut in general) allows Maillot and Roessler [37]
to prove some cases of a conjecture of Gross—Deligne.

The above vanishing property characterizes the analytic torsion classes of Bismut
and Kohler. In order to show this, we first construct the dual theory TV to a given the-
ory T of generalized analytic torsion classes (Theorem & Definition 9.10). A theory is
self-dual (T = TV) if and only if the even coefficients of the associated genus vanish
(Corollary 9.14). In particular, Bismut—Kohler’s theory is self-dual. Self-duality can also
be characterized in terms of the de Rham complex of smooth morphisms (Theorem 9.18).
A theory T is self-dual if its components of bidegree (2p — 1, p), p odd, in the Deligne
complex, vanish on the relative de Rham complexes of Kihler fibrations. Finally, in The-
orem 9.24 we show that, if it exists, a theory of analytic torsion classes that vanishes, in
all degrees, on the relative de Rham complexes of Kiahler fibrations is unique, hence it
agrees with Bismut—Kohler’s. In fact, to characterize this theory, it is enough to assume
the vanishing of the analytic torsion classes for the relative de Rham complexes of Kihler
fibrations of relative dimension one. To establish this characterization we appeal to the
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non-vanishing of the tautological class k> on the moduli stack M, of smooth curves
of genus g > 2.

The third application of generalized analytic torsion classes is the construction of
direct images of hermitian structures. We consider the category Sm, sC introduced in
[17]. The objects of this category are smooth complex varieties, and the morphisms are
projective morphisms equipped with a hermitian structure on the relative tangent com-
plex. Assume that we have chosen a theory of generalized analytic torsion classes. Let
f: X — Y be a morphism in Sm, sc. One would like to define a direct image functor

fe: ﬁb(X ) — ﬁb(Y). It turns out that, using analytic torsion, we cannot define the direct

image functor on the category ﬁ:’ and we have to introduce a new category DP. Roughly
speaking, the relation between DP and DV is the same as the relation between the arith-
metic K'-groups and the usual K -groups [28]. Then we are able to define a direct image
functor f,: D°(X) — DP(Y) that satisfies the composition rule, projection formula and
base change. Moreover, if the theory of generalized analytic torsion is self-dual (Bismut—
Kohler theory) this functor satisfies a Grothendieck duality theorem. In a forthcoming
paper, the direct image functor will be the base of an arithmetic Grothendieck—Riemann—
Roch theorem for projective morphisms.

The last application that we discuss is a new proof of a theorem of Bismut—Bost on
the singularity of the Quillen metric for degenerating families of curves, whose singular
fibers have at most ordinary double points [6]. In contrast with [6], where the spectral
definition of Ray—Singer analytic torsion is required, our arguments rely on the existence
of a generalized theory for arbitrary projective morphisms and some elementary compu-
tations of Bott—Chern classes. This theorem has already been generalized by Bismut [4]
and Yoshikawa [48] to families of varieties of arbitrary dimension. In fact, our approach
is very similar to the one in [4] and [48]. One of the main ingredients of their proof is the
Bismut—Lebeau immersion formula, while our approach uses implicitly Bismut’s gener-
alization of the immersion formula in the comparison between Bismut—Kohler analytic
torsion and a theory of generalized analytic torsion classes. But we want to emphasize
that, once we have identified Bismut—Kohler as (part of) a theory of generalized ana-
Iytic torsion classes, many arguments can be simplified considerably because the theory
has been extended to non-smooth projective morphisms. For simplicity, we treat only the
case of families of curves and the Quillen metric, but the methods can be applied to higher
dimensional families and analytic torsion forms of higher degree.

A few words about notations. The normalizations of characteristic classes and Bott—
Chern classes in this paper differ from the ones used by Bismut, Gillet—Soulé and other
authors. The first difference is that they work with real valued characteristic classes,
while we use characteristic classes in Deligne cohomology, which naturally include the
algebro-geometric twist. The second difference is a factor 1/2 in Bott—Chern classes,
which explains the factor 1/2 that appears in the characteristic class associated to the
torsion classes of Bismut—Kohler. This change of normalization appears already in [16]
and its objective is to avoid the factor 1/2 that appears in the definition of arithmetic de-
gree in [27, §3.4.3] and the factor 2 that appears in [27, Theorem 3.5.4] when relating
Green currents with the Beilinson regulator. The origin of this factor is that the natural
second order differential equation that appears when defining Deligne—Beilinson coho-
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mology is dp = —233, while the operator used when dealing with real valued forms is
dd° = 4%11’ dp . Thus the characteristic classes that appear in the present article only agree
with the ones in the papers of Bismut, Gillet and Soulé after renormalization. With respect
to the work of these authors we have also changed the sign of the differential equation
that characterizes singular Bott—Chern classes. In this way, the same differential equation
appears when considering both singular Bott—Chern classes and analytic torsion classes.
This change is necessary to combine them.

We point out that our construction of generalized analytic torsion classes is influenced
by the thesis of Zha [49], where the author uses implicitly a theory of analytic torsion
classes different from that of Bismut—K&hler.

Further applications of generalized analytic torsion classes are left for future work. We
plan to prove generalizations of the arithmetic Grothendieck—Riemann—Roch theorem of
Gillet—Soulé [30] and Gillet—-Rossler—Soulé [25] to arbitrary projective morphisms, along
the lines of [19].

It is possible to compute explicitly the characteristic numbers of the unique theory of
analytic torsion classes for projective spaces compatible with the homogeneous theory for
closed immersions. This computation makes the characterization of generalized analytic
torsion classes more precise. Nevertheless, since this computation is much more transpar-
ent when written in terms of properties of arithmetic Chow groups and the Riemann—Roch
theorem, we leave it to the paper devoted to the arithmetic Riemann—Roch theorem.

We also plan to study the possible axiomatic characterization of equivariant analytic
torsion classes. Note that the characterization of equivariant singular Bott—Chern forms
has already been obtained by Tang [45].

2. Deligne complexes, transverse morphisms and relative metrized complexes

In this section we fix the notations and conventions used through the article, we also recall
the definition of transverse morphisms and we review some basic properties. Finally we
introduce the notion of relative metrized complex, and explain some basic constructions.

In this paper, by a smooth complex variety we will mean the complex manifold as-
sociated to an equi-dimensional smooth quasi-projective variety over C. Hence, they are
always Kéhler.

The natural context where one can define the Bott—Chern classes and the analytic
torsion classes is that of Deligne complexes. Recall that, to any Dolbeault complex A
([16, Def. 2.2], [18, Def. 5.7]) we can associate a bigraded complex D*(A, %) called the
Deligne complex of A ([16, Def. 2.5], [18, Def. 5.10]). When A is a Dolbeault algebra
([16, Def. 3.1], [18, Def. 5.13]), then D*(A, *) has a bigraded product, denoted e, which
is graded commutative with respect to the first degree, associative up to homotopy and
satisfies the Leibniz rule. The pieces of this complex that we will use more frequently are

D (A, p) = APP N Qri)P A, D*7V(A, p) = AP 0 Qi) AR

An example of the differential of the Deligne complex, denoted by dp: D" (A, p) —
D"t1(A, p), is given, for n € D*P~!(A, p), by dpn = —290n. Then n € D*P~!(A, p)
belongs to Imdp if and only if n = du + dv.
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As an example of the product e, if w € D2P(A, p) and n € D" (A, q), we can take
new=wen=awAr.

The reader is referred to [18, Definition 5.14] for general formulas.

Let X be a smooth complex variety and E*(X) the Dolbeault algebra of differen-
tial forms on X (with arbitrary singularities at infinity). This is the basic example of a
Dolbeault algebra. The Deligne algebra of differential forms on X is defined to be

D*(X, %) := D*(E*(X), ).

This complex computes the analytic Deligne cohomology of X, which agrees with the
Deligne cohomology of X when X is proper.
If X has dimension d, there is a natural trace map given by

. py2d 1 /
/. HIRD) > R, o oo | o

To take this trace map into account, the Dolbeault complex of currents is constructed
as follows. Denote by E}(X)r the space of differential forms with compact support.
Then D), ,(X) is the topological dual of EP9(X), and D, (X)R is the topological dual of
E’(X). In this complex the differential is given by

dT(m) = (=D"T(dn)
for T € D, (X)r. For X of dimension d we write
DPU(X) = Dy-pa—q(X),  D'X)r = 2ri) " Dag—n(X).

With these definitions, D*(X) is a Dolbeault complex and it is a Dolbeault module
over E*(X). We will write

D} (X, %) := D*(D*(X), *).
for the Deligne complex of currents on X. The trace map above defines an element
8x € DY(X,0).

More generally, if Y C X is a subvariety of pure codimension p, then the current integra-
tion along Y, denoted §y € Df)p (X, p), is given by

1
3160 = s |, @

Let T*Xo = T*X \ X be the cotangent bundle of X with the zero section removed
and S C T*X aclosed conical subset. We will denote by (D}, (X, S, %), dp) the Deligne
complex of currents on X whose wave front set is contained in S (see [19, §4]). For

instance, if Ny is the conormal bundle to Y, then dy € Dép (X, N}, p).
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If w is a locally integrable differential form, we associate to it the current

[wl(n) =

1
(27ri)dimX /X nA®.
This map induces an isomorphism D*(X, %) — D*I‘)(X , ¥, %) that we use to identify them.
For instance, when in a formula sums of currents and differential forms appear, we will
tacitly assume that the differential forms are converted into currents by this map.
Note also that, if f: X — Y is a proper morphism of smooth complex varieties of
relative dimension e, then there are direct image morphisms

fo: DH(X, p) > Dy (X, p —e).

If f is smooth, the direct image of differential forms is defined by first converting them
into currents and then applying the above direct image of currents. If f is a smooth mor-
phism of relative dimension e we can convert them back into differential forms. This
procedure gives us 1/(2i)¢ times the usual integration along the fiber.

We shall use the notations and definitions of [19]. In particular, we write

D"(X, p) = D"(X, p)/dp D" (X, p), Dh(X, p) = D}(X, p)/dp D5 (X, p).

We now recall the definition of the set of normal directions of a map and the definition
of transverse morphisms.

Definition 2.1. Let f: X — Y be a morphism of smooth complex varieties. Let T*Y)
be the cotangent bundle to ¥ with the zero section removed. The set of normal directions
of f is the conic subset of T*Y given by

Ny ={(y,v) e T*Y | df'v =0}

Definition 2.2. Let f: X — Y and g: Z — Y be morphisms of smooth complex vari-
eties. We say that f and g are transverse if Ny N N, = 0.

It is easily seen that, if f is a closed immersion, this definition of transverse mor-
phisms agrees with that given in [31, IV-17.13]. If f and g are transverse, then the carte-
sian product X x Z is smooth. For lack of a good reference we prove the following result.

Y
Proposition 2.3. Let f: X — Y and g: Z — Y be transverse morphisms of smooth
complex varieties. Then they are tor-independent.

Proof. Since the conditions of being transverse and being tor-independent are both local

inY, X and Z, we may assume that the map f factorizes as X Syxar b Y, where i is
a closed immersion and p is the projection. Let g’: Z x A" — Y x A" be the morphism
g x id. If f and g are transverse then i and g’ are transverse; and if i and g’ are tor-
independent then f and g are tor-independent. Hence we may suppose that f is a closed
immersion.

Since every closed immersion between smooth schemes is regular, we may assume
that Y = Spec A, X = Spec A/I, where [ is an ideal generated by a regular sequence
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(s1,...,8k) and Z = Spec B. The transversality condition implies that (s1, ..., s¢) is a
regular sequence generating I B. Let K be the Koszul resolution of A/I attached to the
above sequence. Then K ® 4 B is the Koszul resolution of B/I B, hence exact. Therefore,
Tor"A (A/I, B) =0foralli > 1. Thus f and g are tor-independent. m}

h . -
Letnow ¥” = ¥’ % ¥ be morphisms of smooth complex varieties such that g and g o &
are smooth. We form the cartesian diagram

X”—>X/—>X

l r’ l f L f
Y . Ve _& Y
The smoothness of g implies that N+ = g*Ny. Then the smoothness of g o i implies that
h and f' are transverse. Therefore, any current 1 € D’B(Y/ , Ny, *) can be pulled back to
a current h*n € Dy (Y", Ny, %).
The following result will be used to characterize several Bott—Chern classes and ana-
lytic torsion classes.

Lemma 2.4. Let f: X — Y be a morphism of smooth complex varieties. Let ¢ be an
assignment that, to each smooth morphism of complex varieties g: Y' — Y and each
acyclic complex A of hermitian vector bundles on X' := X x Y', assigns a class

Y

F(A) e P DY, g*Ny. p)
n’p
with the following properties:
(i) (Differential equation) dp @(A) = 0;
(ii) (Functoriality) for each morphism h: Y " — Y’ of smooth complex varieties with
g o h smooth, we have h*¢(A) = ¢(h*A); _
(iii) (Normalization) if A is orthogonally split, then ¢(A) = 0.
Then ¢ = 0.
Proof. The argument of the proof of [19, Thm. 2.3] applies mutatis mutandis to the
present situation. One only needs to observe that all the operations with differential forms
of that argument can be extended to the currents that appear in the present situation thanks
to the hypothesis about their wave front sets. O

In [17] we defined and studied hermitian structures on objects of the bounded derived
category of coherent sheaves on a smooth complex variety. The language and the results of
[17] will be used extensively in this paper. We just mention here that a hermitian metric on
an object F of DP(X) is an isomorphism E --» F in DP(X), with E a bounded complex
of vector bundles, together with a choice of a hermitian metric on each constituent vector
bundle of E. Such an isomorphism always exists due to the fact that we work in the
algebraic category. A hermitian structure is an equivalence class of hermitian metrics. To

each smooth complex variety X, we associated the category ﬁb(X ) [17, §3] whose objects
are objects of DP(X) provided with a hermitian structure. We introduced the hermitian
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cone [17, Def. 3.14], denoted cone, of a morphism in ﬁb(X ). We also defined Bott—Chern
classes for isomorphisms [17, Thm. 4.11] and distinguished triangles [17, Thm. 4.18] in

ﬁb(X ). We introduced a universal abelian group for additive Bott—Chern classes. Namely,
the set of hermitian structures on a zero object of DP(X) is an abelian group that we denote
KA(X) [17, Def. 2.31]. Finally, we defined the category S_m*/(c [17, §5] whose objects
are smooth complex varieties and whose morphisms are projective morphisms together
with a hermitian structure on the relative tangent complex.

We now introduce one of the central objects of the paper.

Definition 2.5. Let f: X — Y be a projective morphism of smooth complex varieties
and ? € Homg*/(C (X, Y) a morphism over f. Let F e Obﬁb(X) and let f,F €
ObD"(Y) be an object over f,F. The triple £ = (f, F, foF) will be called a rela-
tive metrized complex. When f is a closed immersion we will also call it an embedded

metrized complex. When Fand f,. F are clear from the context we will denote the relative
metrized complex £ by the morphism f.

Let £ = (f, F, f«F) be a relative metrized complex and let g: ¥’ — Y be a mor-
phism of smooth complex varieties that is transverse to f. Consider the cartesian diagram

x £ .x

| f.,L l ; (2.6)

A

Then f is still projective. Moreover, the transversality condition implies that the canoni-
cal morphism g’ *T7 --+ Ty is a hermitian structure on Ty. We define

g = (f".¢"Ty) e Homg, (X, Y"). 2.7)

By tor-independence, there is a canonical isomorphism g* f, F --» f.g'*F. There-

fore g* f,. F induces a hermitian structure on fg'*F.

Definition 2.8. The pull-back of & by g is the relative metrized complex
g6 = (& f. & F, & fu ).

Definition 2.9. Let& = (f: X — Y, F, f.F) be a relative metrized complex. Let G be

an object of ﬁb(Y). The hermitian structures on i*]-' and G induce a natu_ral hErmitian
structure on f,(F ® f*G) that we denote f.F ® G. The tensor product of & by G is then
defined to be the relative metrized complex

£E®G=(f.F® G, LT ®0G).

Definition 2.10. Let E,- = (?, ]?, f«Fi), i = 1,2, be relative metrized coherent com-
plexes on X. Then the direct sum relative metrized complex is

E10& =, F1®F, fiF1 ® fiF2).




Generalized holomorphic analytic torsion 475

We now introduce a notation for Todd-twisted direct images of currents and differen-
tial forms, which will simplify many formulas involving the Todd genus. Let f = (f, Ty)

be a morphism in Sm, sc. To f we associate a Todd differential form Td(f) := Td (Tf) €
@p D2P(X, p) [17, (5.15)]. Let S be a closed conic subset of 7* X,. Then we denote

[+(8) ={(fx),m) € T*Yo | (x,(d f)'n) € S}UNy. 2.11)

If g: Y — Z is another morphism of smooth complex varieties, it is easy to see that we
have (g o f)«(S) € g« f«(S).

Definition 2.12. Let f: X — Y be a morphism in Sm, sc- For each closed conical subset
S C T*Xo, we define the map

Fo: Dp(X, S, %) = Dp(Y. fuS. %) by (@) = fulweTd(f)).
Note that this map is not homogeneous.

Proposition 2.13. Let f: X — Y and g: Y — Z be morphisms in S_m*/c. Let S C
T*Xo and T C T*Y be closed conical subsets and leth = f o g. Then

(1) hsS C g« fuSand hy =g, 0 f),.

(ii) Let® € D} (X, S,*) and w € D}, (Y, T, x). Assume that T "Ny = @ and T + f,S is
disjoint from the zero section in T*Yy. Then f*T + S is disjoint from the zero section
and there is an equality of currents

Fr(f(w) e0) =we f,(6)
in D (Y, W, %), with W = f.(S+ f*T)U £iSU fi f*T.

Proof. The inclusion h,S C g4 f«S follows easily from the definition. For the second
statement it is enough to notice the equality of currents

& (fo(@) = (g0 flx(we fFTd(®) e TA(f)) = hw(w o Td(h)).

For the second item, it is easy to see that f*T + S does not cross the zero section, and
hence both sides of the equality are defined. It then suffices to establish the equality of
currents fi(f*w e 0) = fi(w) @ 6. If 6 and w are smooth, then the equality follows from
the definitions. The general case follows by approximation of 8 and w by smooth currents
and the continuity of the operators f* and fi. O

Proposition 2.14. Let f be a morphism in Sm, /C of relative dimension e and S a closed
conical subset of T*Xy. Let g: Y' — Y be a morphism of smooth complex varieties
transverse to f. Consider the cartesian diagram (2.6) and let 7/ = g*f. Suppose that
N is disjoint from S. Then:

(i) Ng and f..S are disjoint and g* f,.S C f1g'"S;
. =
(i) g*o f, = frog™
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Proof. The first claim follows from the definitions. In particular the diagram makes sense.
For the commutativity of the diagram, since g’* Td(?) Td(?/), it suffices to check the
equality of currents g* f,.(6) = f ’*(0) for 6 € D}(X, S, p).

By the continuity of the operators g5 8" fe and S, itis enough to prove the relation
whenever 6 is smooth. Moreover, using a partition of unity argument we are reduced to
the following local analytic statement.

Lemma2.15. Let f: X — Y and g: Y — Y be transverse morphisms of complex
manifolds. Let 0 be a smooth differential form on X with compact support. Consider the
diagram (2.6). Then

g f0) = flg7 ). (2.16)

Proof. The map f can be factored as X Lxxy B Y, where p(x) = (x, f(x))isa
closed immersion and p», the second projection, is smooth. Using again the continuity of
the operators g* (respectively g’*) and f, (respectively f'*), we are reduced to proving
(2.16) in the cases when f is smooth and when f is a closed immersion. The case when
J is smooth is clear. Assume now that f is a closed immersion. By transversality, f "is
also a closed immersion of complex manifolds. We may assume that & = f*6 for some
smooth form @ on Y. Then (2.16) follows from

S fO =g fuf*0=g"@ Adx)=g*O) NSy = fLf*¢*0 = flg* [0 = flg""6.

This concludes the proof of the lemma and the proposition. O

3. Analytic torsion for closed immersions

In [19], singular Bott—Chern classes for closed immersions of smooth complex varieties
are studied. The singular Bott—Chern classes are the analogue, for closed immersions, of
analytic torsion for smooth morphisms. For this reason, we will call them also analytic
torsion classes. The aim of this section is to recall the main results of [19] and to translate
them into the language of derived categories. We will freely use the notations of [17].

Definition 3.1. A theory of analytic torsion classes for closed immersions is a map that
to each embedded metrized complex & = (f: X — Y, F, f.F) assigns a class

T® e @Dy (V. Ny p)
)4

satisfying the following conditions:

(i) (Differential equation) dp T (£) = ch(f, F) — f,[ch(F)].
(ii) (Functoriality) For every morphism /: ¥’ — Y of smooth complex varieties that is
transverse to f we have h*T (§) = T (h*&).
(iii) (Normalization) If X = ¢ and ¥ = Spec C, then T'(f, 0, 0) =
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When the hermitian structure of f is given by a hermitian metric on N, unraveling
the definitions, the differential equation can be written as

—209T (€) = [ch(fiF)] — fu(lch(F)] A Td™'(N)).

Recall that, by convention, conversion from differential forms to currents and direct im-
ages of currents implicitly contain a power of 27i.

Definition 3.2. Let T be a theory of analytic torsion classes for closed immersions.

(i) We say that T is compatible with the projection formula if, for every embedded
metrized complex & = (f, F, f,F), and every object G € ﬁb(Y ), we have

TE®G) =T(E) ech@). (3.3)

(ii) We say that T is additive if, given &; = (f, F;, fuFi), i = 1,2, two embedded
metrized complexes, we have

TE ©E)=TE)+TE). (3.4)

(i) We say that T is transitive if, given an embedded metrized complex E: (?, F, [« F),
a closed immersion of smooth complex varieties g: ¥ — Z, a morphism g over g,

and an object (g o f)«F € Obﬁb(Z) over (g o f).F, we have
T(Eof)=T® +3,T (). (3.5)

Remark 3.6. (i) If T is well defined for objects of ﬁb, then the normalization condition
in Definition 3.1 and the normalization condition in [19, Def. 6.9] are equivalent. Com-
patibility with the projection formula implies the normalization condition and additivity
[19, Prop. 10.9]

(ii) To check that a theory is compatible with the projection formula, it is enough to
consider complexes consisting of a single hermitian vector bundle in degree 0.

Let X be a smooth complex variety and let N be a hermitian vector bundle of rank r.
We denote by P = P(N @ 1) the projective bundle obtained by completing N. Let
mp: P — X be the projection and let s: X — P be the zero section. Since N can
be identified with the normal bundle to X on P, the hermitian metric of N induces a her-
mitian structure on s. We will denote it by 5. On P we have a tautological quotient vector
bundle with an induced metric Q. For each hermitian vector bundle F on X we have the
Koszul resolution K (F, N) of s, F. We denote by K (F, N) the Koszul resolution with
the induced metrics. See [19, Def. 5.3] for details.

Definition 3.7. Let T be a theory of analytic torsion classes for closed immersions. We
say that T is homogeneous if, for every pair of hermitian vector bundles N and F with
rk N = r, there exists a homogeneous class of bidegree (2r — 1, r) in the Deligne complex

z(fvﬁ) € 52D’.71(P9N87r)

such that
T(s, F, K(F,N)) e Td(Q) =¢(F,N) ech(7} F). (3.8)
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Remark 3.9. Observe that Definition 3.7 is equivalent to [19, Def. 9.2]. The advantage
of the present definition is that it treats on equal footing the case when rk F' = 0.

Let D denote the base ring for Deligne cohomology [19, before Def. 1.5]. A conse-
quence of [19, Thm. 1.8] is that there is a bijection between the set of additive genera in
Deligne cohomology and the set of power series in one variable D[[x]]. To each power
series ¢ € D[[x]] it associates the unique additive genus such that ¢(L) = ¢(c1(L)) for
every line bundle L.

Definition 3.10. A real additive genus is an additive genus such that the corresponding
power series belongs to R[[x]].

Let 1; € I be the element represented by the constant function 1 of D!(Spec C, 1)
= R. Then Theorem 9.11, Theorem 9.19 and Corollary 9.43 of [19] imply:

Theorem 3.11. (i) There is a unique homogeneous theory of analytic torsion classes
for closed immersions, which we denote T". This theory is compatible with the pro-
Jection formula, additive and transitive.

(i) Let T be any transitive theory of analytic torsion classes for closed immersions that
is compatible with the projection formula. Then there is a unique real additive genus
St such that, for any embedded metrized complex & := (f, F, foF),

TE) — T"(&) = — fulch(F) o Td(Ty) ® Sr(Ty) o 11]. (3.12)

(iii) Conversely, any real additive genus S defines, by means of (3.12), a unique transitive
theory of analytic torsion classes Ts for closed immersions that is compatible with
the projection formula and additive.

Proof. Ex_istence and uni_queness for_both T" and Ty is the content of [19] when restricted
to triples £ with > = Nx,y[—1], F a hermitian vector bundle placed in degree 0 and

f«F given by a finite locally free resolution. For the general case, we thus need to prove
that the theories of analytic torsion classes for closed immersions in the sense of [19]
uniquely extend to arbitrary £, satisfying the desired properties.

Assume given a theory T in the sense of [19], compatible with the projection for-
mula and transitive. We will call T the initial theory. We consider a triple & with T7 =

Ny sy[—1] and F € 0b ﬁb(X ). Choose a representative F --» F of the hermitian struc-
ture on F. We then define 7' (£) by induction on the length of the complex F. First suppose
that F = F9[—d] consists of a single vector bundle placed in degree d. Choose a finite
locally free resolution

o> E' 5 EY f*Fd—>0.

Endow the vector buﬂdles E iwwith smootEbhermitian metrics. Observe that tbere is an in-
duced isomorphism E[—d] --+ f.F, inD (Y), whose Bott—Chern classes ch are defined
in [17, §4]. We then put

TE) = (—1)dT(NX/y,F”’,E) + ch(E[—d] -=» [ ). (3.13)
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This definition does not depend on the choice of representative of the hermitian structure
on F, nor on the choice of E, due to [17, Thm. 4.11, Prop. 4.13], and [19, Cor. 6.14].
The differential equation is satisfied as a consequence of the differential equations for
T(Nx)y, F* E) and Ch(E[—d] -~ fF). Compatibility with pull-back by morphisms
h:Y' — Y transverse to f is immediate as well. Finally, notice that by construction, if
- = =

§ = (Nxv,F, fuF), then

TE) =TE) +ch(fiF , i) (3.14)

Now suppose that T (£) has been defined for F of length I, satisfying in addition (3.14).
If F has length [ + 1, let F¢ be the first non-zero vector bundle of F. Consider the exact
sequence of complexes

7 0>0"9F >F—> fd[—d] — 0,
where o> is the béte filtration. Observe that as a distinguished triangle [17, Definition

3.29], (¢) is tightly distinguished, hence c~h(§) = (. Choose hermitian metrics on f*a>d F
and f, F[—d]. We thus have a distinguished triangle in D" (Y)

T: fuo”dF = [ ,F > fyFi[—d] - fio>4F[1] —> --- .
‘We define
TE) =TWNx)y.0™F, fro=@F) + (=1)'T(Nyx,y. F'. fiFD) —ch(®).  (3.15)

This does not depend on the choice of hermitian structures on fxo=¢F and f,F?, by
the analogue to [17, Thm. 3.33(vii)] for ch and because (3.14) holds by assumption for
T(Nx)y,0”F, fio>dF)and T(Nxy, 7, f+F4). Similarly, (3.14) holds for T (£) de-
fined in (3.15). The differential equation and compatibility with pull-back are proven as
in the first case. This concludes the proof of existence in the case that T7 = Nx/y[—1].

To conclude with the existence, we may now consider a general £. Choose a hermitian
metric on the normal bundle N, y. Put = (Nx/y[—11, F, £ F). We define

TE) =TE)+ Fylch(F) ¢ Tdy(T7 --» Nxyv[-1D)], (3.16)

where :F\(/im is the multiplicative Todd secondary class defined in [17, §5]. It is straight-
forward from the definition that 7' (£) satisfies the differential equation and is compatible
with pull-back by morphisms transverse to f. We call T the extended theory.

We now proceed to prove that the extended theory T is transitive and compatible with
the projection formula. For the projection formula, it suffices by Remark 3.6 (ii) to prove
it for a hermitian vector bundle placed in degree 0. This readily follows from the inductive
construction of the extended theory 7 and the assumptions on the initial theory 7. One
similarly establishes transitivity and additivity.

We conclude by observing that, since Lemma 2.4 implies that (3.13)—(3.16) hold, the
theory T () thus constructed for arbitrary £ is completely determined by the values T'(€)
with ?’ of the form (Nx /Y s F, F) where F is a hermitian vector bundle and E — fiF is
a finite locally free resolution.
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Once we have seen that any theory of singular Bott—Chern classes as in [19] can be
uniquely extended, statements (ii) and (iii) follow by combining (7.3) and [19, Corollary
9.43]. Note that the minus sign in (3.12) comes from the fact that S(Ty) = —S(Nx/,y).

O

In [19, §6] several anomaly formulas are proved. We now translate these formulas to the
current setting. Recall that we are using the notation of [17] for secondary characteristic
classes.

Proposition 3.17. Let T be a theory of analytic torsion classes for closed immersions.
Leté = (f: X = Y, F, fuF) be an embedded metrized complex.

G If T is another choice of hermitian structure on F and &, = (f: X — Y, ?/, JsF),
then

TE)=TE) + folchF . F)l.
ai) If 7/ is another hermitian structure on f and €, = (7/: X — Y, F, [+ F), then
T(Ey) = TE) + [lch(F) o Tdu(F', 1. (3.18)

@ii) If f*_}'l is another choice of hermitian structure on f,F, and &y = (f: X — Y,
7, fTF/), then
TE) =TE —ch(fHF, fuF).
Proof. We first prove the second assertion. Let E --» Ty be a representative of the
hermitian structure on TT' By [17, Thm. 3.13(ii)], we may assume the hermitian structure

on TT is represented by the composition E & A ME - Ty for some bounded acyclic

complex A of hermitian vector bundles on X. For every smooth morphism g: ¥’ — ¥
of complex varieties, consider the cartesian diagram (2.6). We introduce the assignment
that, to every such g and each bounded acyclic complex A of hermitian vector bundles
on X', assigns the class

GA) =T @& —T((f, " Tr +[AD, §"F, " fu.F)
+ fl[ch(g”* F)Tdu (8" T + [A), g™ T) Td(g"*T7 + [A])].

Here [A] stands for the class of A in KA(X’) [17, Def. 2.31] and + denotes the action of

KA(X’) on ﬁb(X/) [17, Thm. 3.13]. Since ¢ satisfies the hypothesis of Lemma 2.4, we
have ¢ = 0. This concludes the proof of (ii).

To prove (i), we observe that F=F+ [A] for some bounded acyclic complex A of
hermitian vector bundles on X. For each cartesian diagram (2.6), we set 7/ = g*f. Let
@)1 be the assignment that, to each such diagram and each bounded acyclic complex A of
hermitian vector bundles on X', assigns the class

G1(A) =T E) —T(F, &*F + [Al, ¢ [ F) — Fy[ch(A)].

The hypotheses of Lemma 2.4 are satisfied, hence ¢; = 0. This concludes the proof of (i).
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Finally, to prove (iii), to each morphism g: ¥’ — Y transverse to f, we associate the
cartesian diagram (2.6) and we consider the assignment @, that, to each bounded acyclic
complex B of hermitian vector bundles on Y, assigns the class

$(B) =T "6 —T(f,¢"F, ¢ F.F +B]) + ch(B).

By Lemma 2.4 applied to idy, we have ¢, = 0. This concludes the proof of (iii). O

The following result provides a compatibility relation for analytic torsion classes for
closed immersions with respect to distinguished triangles. The statement is valid for ad-
ditive theories, in particular the ones we are concerned with.

Proposition 3.19. Let T be an additive theory of analytic torsion classes for closed im-
mersions. Let f: X — Y be a closed immersion of smooth complex varieties. Consider

distinguished triangles in ﬁb(X ) and ﬁb(Y ) respectively,

T: Fo— F1— Fo— Falll,  fat: fiFs— fuF| = faFo— foFolll,

and the relative hermitian complexes &; = (f, Fi, foF ), 1 =0,1,2. Then
Y (1T E)) = ch(fi1) — 7, (ch(@)).
J

Proof. We can assume that the distinguished triangles T and f,t can be represented by
short exact sequences of complexes of hermitian vector bundles

e O—>F2—>f1—>FO—>O,

: 0—>V2—>Vl—>V0—>0.

<|

Applying the explicit construction at the beginning of the proof of [19, Theorem 2.3] to
each row of the above exact sequences, we obtain exact sequences

T O—>E§—>Ei—>E6—>O,

V0> V>V > V-0

over X x P! and ¥ x P! respectively. The restriction of & (respectively 7') to X x {0} (re-
spectively Y x {0}) agrees with € (respectively V), whereas the restriction to X x {oo} (re-
spectively ¥ x {oo}) is orthogonally split. The sequences & and 7' form exact sequences
of complexes that we denote € and V. It is easy to verify that the restrictions to X x {oo}
(respectively Y x {oo}) are orthogonally split as sequences of complexes. Moreover, there
are isomorphisms V; --» fyE;, j =0,1,2. We denotegj = (? x idp1, Ej, V;). Then, in
the group P, 52Dp71 (Y, N¢, p), we have
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o[- g
Ode—[Fl TIOgtt.Z(_l)/T(S])
J

2mi
_ _ _ 1 —1 _ , ~
—TE) - TE e — 5 [ S loerte Y1) eh(¥)
J

! _11 i Y id h(E;) e Td(f x id
+E/Pl?ogtt-;(—)(fxlpl)*(C(])0 (7  idp1)

=TE) — TE ® &) +ch(fiv) — fo(ch(@® Td(F)).
Thus the result follows from additivity. O

We end this chapter with the relation between the singular Bott—Chern classes of Bismut-
Gillet-Soulé [12] and the theory of homogeneous analytic torsion classes. We draw at-
tention to the difference of normalizations. Let us momentarily denote by 7 the theory of
singular Bott—Chern classes of Bismut—Gillet—Soulé. By the anomaly formulas, it may be
extended to arbitrary embedded metrized complexes. Let€ = (f : X — Y, F, f.F)bea
relative metrized complex, with ¥ of dimension d. If 7?17~ denotes the component
of degree (p — 1, p — 1) of the current 7, we define

1

TBGS (gy@p—=Lp) _ _
® 2r i)

== e D2y, Ny, p). (3.20)
In the above equation, the factor (277i)?~! comes from the difference in the normalization
of characteristic classes. In [12] the authors use real valued classes while we use twisted
coefficients. The factor (277i)? comes from our convention about the Deligne complex
of currents. The factor 2 comes from the fact that the second order differential operator
that appears in the Deligne complex is —209 = 2(2i)dd®, while the second order differ-
ential operator that appears in the differential equation considered by Bismut, Gillet and
Soulé is dd¢. The main reason behind this change is that we want the Bott—Chern classes
to be related to the Beilinson regulator and not to twice the Beilinson regulator (see [27,
Theorem 3.5.4]). Finally, the minus sign comes from the discrepancy of the differential
equations of the singular Bott—Chern forms of Bismut—Gillet—Soulé and the analytic tor-
sion forms of Bismut—K&hler. Note that we are forced to change this sign because we
want to merge singular Bott—Chern forms and analytic torsion forms in a single theory.

We put

= = (2p— ~2p—1

TS E) =) 1P E Y e HDY T (Y, Ny, p).
p=1 14

We have the following comparison theorem [19, Thm. 9.25].

Theorem 3.21. For every embedded metrized complex & we have
TP E) = T (®).

4. Regular coherent sheaves

In this section we recall some properties of regular sheaves. Let X be a scheme and let
P, = Px (V) be the projective space of lines of the trivial bundle V of rank n + 1 on X.
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Let 7 : P, — X be the natural projection. By abuse of notation, if G is a sheaf on X, we
will also denote by G the inverse image 7*G.

Definition 4.1 ([38, Lecture 14]). A quasi-coherent sheaf F on [P is called regular if
Rim,F(—q) =0forallg > 0.

Recall the following properties of regular sheaves (see [39]).

(1) If G is a quasi-coherent sheaf on X, then G Q®x O]p';( (k) is regular for k > 0.
(ii) If the scheme X is noetherian and F is a coherent sheaf on [P’} , then Serre’s vanishing
theorem implies that for d large enough F(d) is regular.
(iii) Let0 — F», — F; — Fo — 0 be an exact sequence of quasi-coherent sheaves
on P, and d be an integer. Then:

(a) if F>(d) and Fy(d) are regular, then F(d) is regular;

(b) if Fo(d + 1) and Fi(d) are regular, then F(d) is regular;

(¢) if Fo(d) and Fy(d + 1) are regular and the map RO7,.(Fi(d)) = ROm.(Fo(d))
is surjective, then F>(d + 1) is regular.

@iv) If F is regular, then F (k) is regular for k > 0.
(v) If F is regular, then the canonical map Rm,F ®x (’)]p»;( — F is surjective.

Theorem 4.2 ([39, §8.1]). Let F be a regular quasi-coherent sheaf on P’. Then there
exists a canonical resolution

Yean(F): 0= Gu(—=n) = Go_i(—n+1) - --- > Go—> F =0

where G; (i =0, ..., n) are quasi-coherent sheaves on X. Moreover, for every k > 0, the
sequence

0— Gk = Gro1 ®Sym' VY — - — Gy ® Sym* VY — RO7, (F(k)) — 0
is exact. Hence the sheaves Gy are determined by F up to unique isomorphism.

Corollary 4.3. Let X be a noetherian scheme and F a coherent sheaf on P. Then, for
d large enough, we have a resolution

Ya(F): 0= Gu(-n—d) > Gpi(-n—d +1) - .-+ = Go(=d) > F = 0
where G;, i =0, ..., n, are coherent sheaves on X.
Example 4.4. The sheaf O(1) is regular. Its canonical resolution is
0— A"WVY(=n) > A"VY(=n+1) > -+ > A*VY(=1) > VY = O(1) - 0.
Twisting this exact sequence by O(—1) we obtain the Koszul exact sequence
0— A"T'VY(=n—1) = A"VY(=n) > - = A?VY(=2) > VY(=1) > O = 0,

which we denote K. We will denote by K (k) its twist by O(k).
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Theorem 4.5 ([49]).

(i) Let F be a regular coherent sheaf on P, and let yean (F) be the canonical resolution
of F as in Theorem 4.2. Let

e1: 0 - Fusk(—n—k) — --- > Fi(—-1) > Fo > F—>0

be an exact sequence of coherent sheaves, where the F; are sheaves on X. Then there
exist natural surjective morphisms of sheaves F; — G; on X, 0 < i < n, making
commutative the diagram

Fari(=n = 1) —= Fy(=n) —= -+ —= Fg —= F —0
| | | ] e
0 Gy(-nm) —>= -+ ——=Gg—> F —0

(i) Let F be a regular coherent sheaf on X, and Yean (F) the canonical resolution. There
exists a resolution of F (1) of the form

&: 0> Spp(—n—k) = - > Si(=1) > S — F(1) = 0

suchthat Sy . .., Syt are coherent sheaves on X and the following diagram of exact
sequences with surjective vertical arrows is commutative:

Sn1(—n — 1) ———=Sp(—n) So F() 0
O0———=Gu(-n+1) Go(1) F() 0

Proof. We introduce the sheaves N; and K; defined as the kernels at each term of the
sequences Ycan and €1, respectively. Hence, there are exact sequences

0> NG+ =G = N;G+1 —0,
0> Kipn(+D)—=Fiy—-K(G+1—0.

With these notations, observe that N_1 = K_; = F. By induction, starting from the left
hand side of the long exact sequences, it is easily checked that N; (j+1) and K; (j +1) are
regular sheaves, for j > —1. Also, by Theorem 4.2, we find that G; 1 = my (J\f/ G+1)
for j > —1.

We next prove by induction that, for each k > —1, there is a commutative diagram of
exact sequences
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0 0 0
0 Prt1 Hip1 ———Pr(D)
00— Kir1tk+1) —— Fgy1 —= Ki(k+1) ——0 4.7

0 ——> N1 (k + 1) ——> Gy ——= Ne(k + 1) —>0

0 0

where Hy 41, Pr and P are defined as the kernels of the corresponding morphisms, and
Pr(1) is regular. For k = —1, since N_; = K_; = F, we deduce that P_1(1) = 0, hence
regular. Thus it only remains to be shown that there is a surjective morphism Fo — G fit-
ting in the diagram (4.6). As we remarked above, [Cy(1) is regular (so that R, Ky = 0).
Since Fy is a sheaf on X this implies that the map Fo = m,F9 — m,F is surjective.
Since, moreover, Gy = m4F, we obtain our surjective map.

Assume that the statement is true for a fixed k > —1. In order to proceed with the
induction, we need to prove: (a) the map Kjy1(k+2) — Nia1(k+2) is surjective, (b) the
sheaf Py 1(1) is regular, and (c) there is an induced surjective map Fy42 — Gi42.

We first prove (a). We apply 7, to the last two columns of the diagram (4.7). Observ-
ing that Fi41, Gk+1 and H; 4 are actually sheaves on X and recalling that 1 (k + 2)
is regular, we find a commutative diagram of exact sequences

0 Hir1 Fr1 Gk+1 0

| l

0 —— m(Pe(1)) —= m(Ki(k + 1)) —— mNi(k + 1)) —=0

|

0
It follows that the map Hy41 — 7« (Px(1)) is a surjection. Since P (1) is regular, we see
that 7, (Px(1)) ® Opr, — Pr(1) is also a surjection. Thus the map Hi+1 — Pr(1) is
surjective. The diagram (4.7) implies that the map Kii1(k + 1) — Ngr1(k + 1) is also
surjective. Twisting by O(1), we obtain (a).
Now the regularity of Hi41 and Pk (1), and the surjectivity of Hi41 — m.(Pr(1)),
ensure the regularity of Px1(1). In its turn, this shows that the sequence

0 = 7 (Pi1 (D) = me(Ky1 (k +2)) > 1 (Ni1 (k +2)) > 0 (4.8)
is exact. Finally, we observe that there is a surjective map

Fregr = e (Kig1 (k 4 2)), 4.9)
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by the regularity of Ki2(k + 3). From (4.8) and (4.9), we obtain a surjection
Fig2 = TsWNig1(k +2)) = Gryo.

This completes the proof of the inductive step, hence of the existence of the diagram,
from which we deduce (i).

To prove the second item we construct the resolution S, inductively. We will denote
by K the kernel of any map Sy(—k) — Si_1(—k + 1) already defined and by N}, the
successive kernels of the canonical resolution of F as in the proof of the first statement.

Assume that we have constructed the sequence &, up to S (—k) with the further con-
ditions that i (k + 1) is regular and that there is an exact sequence

0— Pr(l) = Kk +1) = Nig(k+2) =0

with Px (1) regular. We have to show that we can extend the resolution one step further
satisfying the same conditions. Recall that we already know that Vi (k + 1) is regular. We
consider as well the surjection Gy 1(1) — Ny (k + 2). We form the fiber product

Tert = Ker(Ku(k + 1) @ G (1) > Ne(k +2).

Observe that Ty 1 is regular, because both Ny (k+1), i (k+1) @ Gyr1(1) are regular and
the morphism 7, (Kr () ®Gr+1) = Grr1 = m(Ni (k+1)) is surjective. So are the arrows
Te+1 = Gr+1(1) and Tq1 — Ki(k + 1). Therefore, if we define Sg1 = w4 (Tg41), we
have a commutative diagram of exact sequences

0 0 0

0 ———— Prp1 ——— Hip1 —— Pi(l)

0—— K1tk +1) —— Sy ——= Kk +1) ——0

0 —— Nig1(k +2) — Gy (1) —= Ni(k +2) —0

0 0

where Hy41 and Py are defined as the kernels of the corresponding morphisms. Thus
we have been able to extend the resolution one step further. We still need to show that this
extension has the extra properties. We observe that, by the definition of Sy and the left
exactness of direct images, the map 7, (Sk+1) — m«(Grr1(1)) is surjective. Therefore
Hi+1(1) is regular. Moreover, one can check that S is the fiber product

Syt = Ker(m(Gry1(1) @ e (Ki(k + 1)) = m(Ni(k +2))).

This implies easily that . (Hi+1) = 7 (Pr(1)). We also observe that, by definition of
fiber product, P (1) = Ker(Tx+1 — Gr+1(1)). Since Sg41 surjects onto T41, we deduce
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that the morphism Hy41 — P (1) is surjective. From this we conclude that the morphism
Krr1(k +2) — Npy1(k + 3) is surjective and that the sheaf Pyy1(1) is regular. Since
Niex1(k + 3) is regular, we deduce that Ky (k + 2) is regular. Therefore Sj11 has all the
required properties, concluding the proof of (ii). O
We end this section recalling the notion of a generating class of a triangulated category.

Definition 4.10. Let D be a triangulated category. A generating class is a subclass C of D
such that the smallest triangulated subcategory of D that contains C is equivalent to D via
inclusion.

A well-known direct consequence of Theorem 4.2 is the following result.

Corollary 4.11. The class of objects of the form G(k), with G a coherent sheaf in X and
—n <k <0, is a generating class of Db (]P”)l().

5. Analytic torsion for projective spaces

Let 1 be a non-negative integer, V the n 4 1-dimensional vector space C"*! and P" :=
P*(V) the projective space of lines in V. We write V for the vector space V together
with the standard metric. We will denote by V the trivial vector bundle of fiber V over
any base. In this section we will denote generically by 77 : Py — X the projection of the
trivial projective bundle.

We may construct natural relative hermitian complexes that arise by considering the
sheaves O(k), their cohomology and the Fubini-Study metric. If we endow the trivial
sheaf with the standard metric and O(1) with the Fubini—Study metric, then the tangent
bundle T}, carries a quotient hermitian structure via the short exact sequence

0— Opy, — oyt > 1, > 0. (5.1

We will denote the resulting hermitian vector bundle by Tfrs and call it the Fubini—Study
metric of T, . The arrow (7, TES) in Sm, ,c will be written 755, We endow the invertible
sheaves O(k) with the k-th tensor power of the Fubini—Study metric on O(1). We refer to
them by O(k).

We now describe natural hermitian structures on the complexes 7, O (k). First assume
k > 0. The sheaf O(k) is w-acyclic, hence 7, O (k) = HO(PL, O(k)) as a complex con-
centrated in degree 0. This space is naturally equipped with the L? metric with respect
to the Fubini-Study metric on O(k) and the volume form c¢1(O(1))""/n!(27i)" on P{..
Namely, given global sections s,  of O(k),

1
n!Q2mi)"

(s.)2 = / (s(x), 1(0))x c1 (O™

P
Recall that, with the algebro-geometric normalization, ¢;(O(1)) = 93 log ||s||? for any
rational section s of O(1). If —n < k < 0, then 7, O(k) = 0 and we put the trivial metric
on it. Finally, let kK < —n — 1. Then the cohomology of 7, O (k) is concentrated in degree
n and there is an isomorphism

7. O(k) = HO(PL, O(=k —n — 1))V[—n].
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Notice that this isomorphism is canonical due to Grothendieck duality and to the natural
identification wpr, = O(—n — 1). Hence we may endow 7, (O (k) with the dual of the L?

metric on HY(P%, O(—k — n — 1)).
Notation 5.2. For every integer k, we introduce the relative metrized complex
£,(k) = @, 0(k), 7. 0k)). (5.3)

If X is a smooth complex variety, we will also denote by &, (k) its pull-back to P% . Let F
be a metrized coherent sheaf on X. Then we define .7'(/{) and m, F (k) by the equality

E,(0)® F = (@, F(k), m F (k).

Definition 5.4. Let X be a complex smooth variety and 7 : P, — X the projection.
Let 7= denote the map s with any choice of hermitian structure on the relative tangent
complex. An analyiic torsion class for the relative hermitian complex E = (7, F o F )
isaclass 7 € @[, D?P~1(X, p) such that

dp 77 = ch(m,F) — Tplch(F)]. (5.5)

For instance, when X is proper, the Grothendieck—Riemann—Roch theorem for
Deligne cohomology implies that the two currents on the right hand side of (5.5) are
cohomologous. Note that, since the map m is smooth, the analytic torsion class is the
class of a smooth form [27, Theorem 1.2.2].

Definition 5.6. Let n be a non-negative integer. A theory of analytic torsion classes for
projective spaces of dimension n is an assignment that, to each relative metrized complex
E=(m: IP’}( — X, F, nJF) of relative dimension #n, assigns a class of differential forms

TE) e DX, p).

p

satisfying the following conditions:
(i) (Differential equation) dp T (£) = ch(mwyF) — Tp[ch(F)].
(ii) (Functoriality) Given a morphism f: ¥ — X, we have T (f*&) = f*T ().
(iii) (Additivity and normalization) If &, and &, are relative metrized complexes on X,
thenT(51 ®&2) =T(E ) +T(62). -
(iv) (Projection formula) For any hermitian vector bundle G on X, and any integer k in
[—n, 0], we have T'(€,,(k) ® G) = T (§,,(k)) ® ch(G).

A theory of analytic torsion classes for projective spaces is an assignment as before
for all non-negative integers 7.

Definition 5.7. Let T be a theory of analytic torsion classes for projective spaces of di-
mension n. Fix as base space the point Spec C. The characteristic numbers of T are

tax(T) := T (€,(k)) € D'(SpecC, 1) =R, ke Z (5.8)

The numbers t, x (T), —n < k < 0, will be called the main characteristic numbers of T .
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The central result of this section is the following classification theorem.

Theorem 5.9. Let n be a non-negative integer and let t = (t k) k=—n,...,0 be a family of
arbitrary real numbers. Then there exists a unique theory Ty of analytic torsion classes
for projective spaces of dimension n such that t, i (Tt) = t, k.

Before proving Theorem 5.9, we show some consequences of the definition of analytic
torsion classes. First we state some anomaly formulas that determine the dependence of
analytic torsion classes on hermitian structures.

Proposition 5.10. Let T be a theory of analytic torsion classes for projective spaces of
dimensionn. Let £ = (7 : ]P”)’( — X, F, . F) be a relative metrized complex.

G If ?/ is another choice of hermitian structure on F and El =(: IP”;( — X, 7, T F),
then 5
TE) =T®E +mlch(F, Fl.

(ii) If ' is another hermitian structure on w and &, = (' Py — X, F, . F), then

T (&) =T +7)[ch(F) o Td, (7', )] (5.11)
@ii) If n*fj is another hermitian structure on w.JF and 53 =(@: P} — X, F, JT*}-/),
then _
T(E3) = T(E) — ch(w. T , mF).
Proof. The proof is the same as the proof of Proposition 3.17. O

Next we state the behavior of analytic torsion classes for projective spaces with respect to
distinguished triangles.

Proposition 5.12. Let T be a theory of analytic torsion classes for projective spaces
of dimension n. Let X be a smooth complex variety and 7w : P, — X the projection.

Consider distinguished triangles in D’ (P%) and ﬁb(X ) respectively:

T: Fp— F1— Fo— Falll and (Fat): meFy — WaF| — mFo — mFalll,
and define relative metrized complexes §,- = (7, 7'1-, e Fi), i =0,1,2. Then

Y (=D/TE)) = ch(mT) — Fo(ch(D)).
J

Proof. The proof is similar to that of 3.19. O

In view of this proposition, we see that the additivity axiom is equivalent to the apparently
stronger statement of the next corollary.

Corollary 5.13. With the assumptions of Proposition 5.12, if T and 74T are tightly dis-
tinguished, then T(§1) = T (§y) + T (&,).
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Corgllary 5.14. Let E = (7, F, o F ) be a relative metrized comflex and lgt g_[i ] =
(T, Fli], m« F[i]) be the shifted relative metrized complex. Then T (§) = (—1)'T (£[i]).

Proof. It is enough to treat the case i = 1. We consider the tightly distinguished triangle
F --» cone(idx) --» F[1] --»

and the analogous triangle for direct images. Since cone(id+) and cone(id_—) are mea-
ger, we have, by the anomaly formulas and the additivity axiom,

T (7, cone(id), cone(id; 7)) = T'(T, 0,0) = 0.
Hence, the result follows from Corollary 5.13. O

Next we rewrite Proposition 5.12 in the language of complexes of metrized coherent
sheaves. Let - -
e 0->F,—>--—>F -0

be a bounded complex of metrized coherent sheaves on [P’y and assume that hermitian

structures on the complexes . Fj, j =1, ..., m, are chosen. Let [¢], [7T4¢] € Ob ﬁb(]P”;()
be the associated objects as in [17, Defs. 3.37, 3.39].

Remark 5.15. In[17, Defs. 3.37, 3.39] thge is a misprint. The class [€] should be defined
inductively by the condition [€] = cone(F,,[m — 1], [6<n€]). The same is true for the
definition of [7.€]. This definition implies that there are tightly distinguished triangles

Ti: [0<k8] = [0<k+18] > Filk] —,

Ttk [Txok€] = [Txo<ir18] = meFilk]l — .

Corollary 5.16. With the above hypothesis,

T, [l [Te) = Y (-1 T Fj. 7. F)).
j=l

Moreover, if € is acyclic, then T (T, [€], [Tx€]) = al(rr*s) — ﬁb[CNh(E)].

Proof. The first equation is proved by applying Corollary 5.13 to the tightly distinguished
triangles of Remark 5.15 for k = [, ..., m, and using Corollary 5.14 to convert the shift
into a sign. The second statement is proved in a similar way by breaking € into short exact
sequences and using Proposition 5.12 and [17, Prop. 3.41]. O

Finally, we show that the projection formula holds in greater generality:

Proposition 5.17. Let T be a theory of analytic torsion classes for projective spaces of
dimension n. Let X be a smooth complex variety, let & = (7w, F, n.F) be a relative

metrized complex and let G be an object in ﬁb(X ). Then

TE®G) =T(@) ech(@). (5.18)
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Proof. By the anomaly formulas, if (5.18) holds for a particular choice of hermitian struc-
tures on 7, F and 7, F then it holds for any other choice. Moreover, if we are in the situ-
ation of Proposition 5.12 and (5.18) holds for two of EO, 51 s 52, then it holds for the third.
Since the objects of the form # (k), where H is a coherent sheafon X andk = —n, ..., 0,
constitute a generating class of DP (P%), we are reduced to proving that

TE,(k)®G) =TE,(k) ech(@)

fork = —n, ..., 0. Now, if
Gy - Gy > Go >

is a distinguished triangle in ﬁb(X ) and (5.18) is satisfied for two of Gy, G, ao, then it is
satisfied also by the third. Therefore, since the complexes of vector bundles concentrated
in a single degree constitute a generating class of DP(X), the projection formula axiom
implies the proposition. O

Proof of Theorem 5.9 . First, we prove the uniqueness assertion. Assume a theory 7' of
analytic torsion classes, with main characteristic numbers #, x, —n < k < 0, exists. Then
the anomaly formulas (Proposition 5.10) imply that, if T'(7T, F, 7, F) is known for a par-
ticular choice of hermitian structures on 7, F and 7. F, then the value of T (7', .f/, JT*_}—/)
for any other choice of hermitian structures is fixed. By Proposition 5.12, if we know the
value of T (77, F, JT*_]-') for F in a generating class, then T is determined. By the pro-
jection formula (Proposition 5.17), the characteristic numbers determine the values of
T(E(k) ® G), k = —n, ..., 0. Finally, since by Corollary 4.11, the objects of the form
Gk), k = —n,...,0, form a generating class, we deduce that the characteristic numbers
determine the theory 7. Thus, if it exists, the theory T} is unique.

In particular, from the above discussion we see that the main characteristic numbers
determine all the characteristic numbers. We now derive an explicit inductive formula for
them. Consider the metrized Koszul resolution

K: 0= AW (cn—1)— - = AV (=1) > Opy, — 0, (5.19)

where O(k), for k # 0, has the Fubini—Study metric and 5]% has the trivial metric.

We will denote by K (k) the above exact sequence twisted by m, k € Z, again with
the Fubini-Study metric. Recall the definition of the relative metrized complexes &, (k)
(5.3). In particular, for every k, we have fixed natural hermitian structures on the objects
7Ok — j). According to [17, Defs. 3.37, 3.39] (see Remark 5.15), we may consider the
classes [K (k)] and [, K (k)] in ﬁb (P%) and ﬁb (Spec C), respectively. By Corollary 5.16,
for each k € Z we find

n+1
Y (~DITE, k- j) ® AV = ch(m K k) — T3 [ch(K (K))].
j=0
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J— n+1
Because AJV " is isometric to (C( i) with the standard metric, the additivity axiom for
the theory T" and the definition of the characteristic numbers #, x— ; provide

_ v 1
TE,(k=)HONV) =ty <n —Jl— )

Therefore we derive

Z(—l)’( i )tn,k—j = ch(r, K (k)) — 70, [ch(K (k))]. (5:20)

Jj=0

This gives an inductive formula for all the characteristic numbers ¢,  once we fix n + 1
consecutive characteristic numbers and, in particular, once we fix the main characteristic
numbers.

To prove existence, we follow the proof of uniqueness to obtain a formula for T (£).
We start with the main characteristic numbers t = (#, ) —n,<k<0. We define the character-
istic numbers #,  for k € Z inductively using (5.20).

We will need the following results.

Lemma 5.21. Let7: 0 — F» — F1 — Fog— 0 be a short exact sequence of metrized
coherent sheaves on X. Let k be an integer, and F (k) and m.F (k) be as in Notation
5.2. Thus we have an exact sequence (k) of metrized coherent sheaves on Py and a

distinguished triangle ,n (k). Then
ch(r.a (k) = 755 (€h@k)))- (5.22)
Proof. By the Riemann-Roch theorem for the map P, — Spec C we have
ch(mOk)) = m.(ch(Ok)) TdT"™)). (5.23)
Hence, by the properties of Bott—Chern classes and the choice of metrics,

ch(, (k) = ch(7) o ch(r,O(k)) = ch(7) o 7. (ch(Ok)) TdFT"S))

= m.(ch((k)) o TdT")) = 7} (ch(@(K))). o

Lemma 5.24. Let
0> Mu(—m—d)— -+ — Mi(=l—d)— 0 (5.25)
be an exact sequence of metrized coherent sheaves on P, where, for eachi =1, ..., m,

M, is a metrized coherent sheaf on X, and M, (k) is as in Notation 5.2. On 7, M; (k) we
consider the hermitian structures given also by Notation 5.2. Then

> (=Dt —a—i ch(My) = ch(Tpp) — 7} (ch (). (5.26)
i=l
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Proof. We consider a commutative diagram of exact sequences

0 0
o 0 M, (= —d) —— s — My(~l —d) —0
m 0——> Mpu(-m—d) —= -+ ——> M;(=l —d) —=0
70— My (m—d) —> - ——= M (~ —d) —=0

0 0

£, g

Claim. If (5.26) holds for two of &, ' and T&”, then it holds for the third.

Proof of the claim. On the one hand we have
n ; — —_— — 2 ; ~ =
D (=D)ty—a—i(ch(M;) — ch(M;) + ch(M;)) = Y (—=1)'ty —a—i dp ch(&;).
i=l i=I
But, if r € D! (Spec C, 1) = R is a real number, in the group @p ﬁzp’l(X, p) we have
tdp ch(E;) = —dp(r e ch(E;)) = 0.

On the other hand, by Lemma 5.21,

ch(, /) — Ch(TD) + ch(ma ") = my > (ch(T)) — 7} (ch(m)) + 7y > (ch(T")).

The proof of the lemma is by induction on the length r = m — [ of the complex. If
r < n then u(d + [) has the same shape as the canonical resolution of the zero sheaf. By

the uniqueness of the canonical resolution, we have M; = O fori =1, ..., m. Using the
above claim when M; = 0 has a non-trivial hermitian structure, we obtain the lemma
forr < n.

Assume now that r > n. Let K be the Koszul exact sequence (5.19). Then K (1) ® M;
is the canonical resolution of the regular coherent sheaf M;(1). By Theorem 4.5(i) there
is a surjection of exact sequences u© — K(—I — d) ® M; whose kernel is an exact
sequence

w:0— My (-m—d)— - —> M (-d—1—1)—0.
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We consider on K the metrics of (5.19), fori =1+ 1, ..., m we choose arbitrary metrics
on M and denote by 7z’ the corresponding exact sequence of metrized coherent sheaves.

By induction hypothesis, 71’ satisfies (5.26). Moreover, since the characteristic num-
bers t, x for k ¢ [—n, 0] are defined using (5.20), the exact sequence K(—l—d) M
also satisfies (5.26). Hence the lemma follows from the previous claim. ]

We now treat the case of complexes concentrated in a single degree. Let F be a coherent
sheaf on IP”)} with a hermitian structure and let 7,/ be a choice of hermitian structure
on the direct image complex. Write & = (7>
metrized complex.

Choose an integer d such that F(d) is regular. Then we have the resolution y,;(F) of
Corollary 4.3. More generally, let i« be an exact sequence of the form

, F, . F) for the corresponding relative

0— Su(—d—m)— -+ > S1(—d —1) > Sy(—d) - F — 0,

where the S;, i = 0, ..., m, are coherent sheaves on X. Assume that we have chosen
hermitian structures on the sheaves S;. Using Notation 5.2 and [17, Defs. 3.37, 3.39] (see
Remark 5.15) we have objects [1z] in KA(P%) and [, 2] in KA(X). Then we write

Teu®) =Y (=11 j_ach(S}) — ch(@D) + T} (ch (). (5.27)
j=0

Lemma 5.28. Given any choice of metrics on the sheaves G; (respectively G)), i =
0, ..., n, that appear in the resolution y,(F) (respectively yq4+1(F)), denote by ¥, and
Y411 the corresponding exact sequences of metrized coherent sheaves. Then

Ty, &) = Tiy,).
In particular, Ty 3, (%) does not depend on the choice of metrics on the sheaves G;.
Proof. By Theorem 4.5(ii), there is an exact sequence
0> Su(-n—k—d—1)— - > Sp(—d—1) - F -0, (5.29)

and a surjection of exact sequences f: & — Y, extending the identity on F. Here S;,
i =0,...,n+ k, are coherent sheaves on X with hermitian structures.

By Theorem 4.5(i) there is a surjection of exact sequences ;t — ¥, extending the
identity on F, whose kernel is an exact sequence

£ 0> My (—n—k—d—1)— -+ > Mo(—d — 1) - 0, (5.30)

where /V,-, i =0,...,n+ k, are coherent sheaves on X, and we have chosen arbitrarily
hermitian structures on them. Denote by 7; the rows of the exact sequence

O0—>e—>u—>y4—0
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Observe that 7); = 7;(—i — d — 1) for some short exact sequence 77; on X. When j > n
we denote ?; = 0. Then

n+k
> (=1t j—a1(ch(@)) — ch(S)) + ch(M}))
j=0
n—+k ) -
=) (=1/tnj—g-1dpch(i) =0.  (531)
j=0
By [17, Prop. 3.41], we have
- - . n+k .
ch(7xya+1) — ch(m@«it) + ch(mwye) = Z(—l)’ ch(m@m;), (5.32)
j=0
- . - n+k .
ch(¥4.1) — ch(@w) + ch(e) = Z(—l)/ ch(@;). (5.33)
j=0
Combining (5.31)-(5.33) and Lemmas 5.21 and 5.24 we obtain
Ten€) = Tey, " &). (5.34)

We now consider cone(u, 7). We put on it the obvious hermitian structure induced
by & and Y4, cone(i, y4). On m, cone(u, y4), we put the obvious family of hermitian
metrics induced by 7, & and 7, Y4, and denote it as i, cone(u, yg). By [17, Cor. 3.42] we
have

ch(cone(t, ya)) = ch(¥7,) — ch(@), (5.35)
ch(r, cone(it, va)) = ch(Tva) — ch(Tf). (5.36)

Observe that cone(it, 74). = 8_i_1(i —d) ® G_i(i — d). Combining Lemma 5.24 for
cone(u, yq) with (5.35) and (5.36), we obtain

T ) = Ty, ). (5.37)
Together with (5.34) this proves the lemma. O
Now we are in a position to prove the existence of T¢. Let n and t be as in Theorem 5.9.
We define the numbers #, x for k < —n and k > 9 by (5.20). Let £ = (TS, F, .F)
be a relative metrized complex. We construct 7¢(§) by induction on the length of the
cohomology of ' If it has at most a single non-zero coherent sheaf # sitting in degree j,

then F and m,F determine hermitian structures on H[—j] and 7, H[—j] respectively.
We choose an integer d such that H(d) is regular and we write

TE) = (=) Tez,00 @, H, mH). (5.38)

By Lemma 5.28, this does not depend on the choice of d, nor on the choice of metrics
ony,(H).

Assume that we have defined the analytic torsion classes for all complexes whose
cohomology has length less than /, and that the cohomology of F has length /. Let H be
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the highest cohomology sheaf of F, say of degree j. Choose auxiliary hermitian structures
on H[—j] and w,H[— j]. There is a unique natural map H[—j] --+ F. Then we define

7€) = T(@"S, H[—j1. 7 H[—j])
+ Ty (7S, cone(H[—jI, F), Cone(wa HI—j 1, T F) ). (5.39)

It follows from [17, Thm. 2.27(iv)] that the right hand side of this equality does not depend
on the choice of the auxiliary hermitian structures.

Finally, we consider the case when 7 has a hermitian structure different from the
Fubini-Study metric. Thus, let £ = (7, F, 7,.7) and write £ = (&S, F, 7,F). Then
we put

T(E) = Tu(E) + Tolch(F) o Td,, (7. 7 )]. (5.40)

Definition 5.41. Letn and t be as in Theorem 5.9. Then Tt is the assignment that to each
relative metrized complex £ associates 7¢(§) given by (5.38)—(5.40).

It remains to prove that Ty satisfies axioms (i) to (iv). Axiom (i) follows from the
differential equations satisfied by the Bott—Chern classes. Axiom (ii) follows from the
functoriality of the canonical resolution, the Chern forms and the Bott—Chern classes.
Axiom (iii) follows from the additivity of the canonical resolution and of the Chern char-
acter. Finally, (iv) follows from the multiplicativity of the Chern character. This concludes
the proof of Theorem 5.9. O

We finish this section showing the compatibility of analytic torsion classes with composi-
tion of projective bundles. Let X be a smooth complex variety. Consider the commutative
diagram with cartesian square

On 71 and 7> we introduce arbitrary hermitian structures and on p; and p; the hermitian
structures induced by the cartesian diagram.

Proposition 5.42. Let F be an object of D’ (P x PY). Put arbitrary hermitian struc-
X
tures on (p1)«F, (p2)«F, and pF. Then

Ty + @e(T(p)) =T @) + @2)(T (p2)), (5.43)

where we are using the convention at the end of Definition 2.5.
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Proof. By the anomaly formulas (Proposition 5.10), if (5.43) holds for a particular choice
of hermitian structures on F, (p1)«F, (p2)«F, and p.F, then it holds for any other
choice. Let

F s Fr - Fo -

be a distinguished triangle and put hermitian structures on the direct images as before.
Then Proposition 5.12 implies that, if (5.43) holds for two of them, then it also holds for
the third. Since the objects of the form G(k, 1) := p*GRpTO(k)®p5O(l) are a generating
class of DP (IP";(‘ >§ IP";(Z), the previous discussion shows that it is enough to prove the case

F = G(k, 1), with the hermitian structure of F induced by a hermitian structure of G
and the Fubini—Study metric on O (k) and O(l), and the hermitian structures on the direct
images defined as in (5.3). In this case the result follows easily from functoriality and the
projection formula. O

6. Compatible analytic torsion classes

In this section we study compatibility between analytic torsion classes for closed immer-
sions and analytic torsion classes for projective spaces. It turns out that, once the compat-
ibility between the diagonal embedding of P” into P" x P"* and the second projection of
P" x P" onto IP" is established, all the other possible compatibilities follow. Essentially
this observation can be traced back to [15].

Letn, V,V and P"(V) be as in the previous section. We consider the diagram

pr A prpr P pn

\ ll’z LJT
id
pr " Spec C
On P" we have the tautological short exact sequence
0—-O1)—V—=>0-—0.
This induces on P" x P” the exact sequence
0— p;O(=1) > V- p;0 — 0.

By composition with the injection p7O(—1) < V, we obtain a morphism p7O(—1) —
p5 Q, hence a section of p5 O ® p7O(1). The zero locus of this section is the image of the
diagonal. Moreover, the associated Koszul complex is quasi-isomorphic to A,Op». That
is, the sequence

0— An(pika) ® pTOPn(—n) e
B Al(p;Qv) ® pTO]pn(—l) - OIP’"X]P’” — A*OIP’n — 0 (61)

is exact.
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On Tpn and Tpnpn We consider the Fubini-Study metrics. We denote by A and p,
the morphisms of Sm, ¢ determined by these metrics. As in [17, Ex. 5.7], we see that
P2 0 A = idpr, where Tm = 0. The Fubini-Study metric on O(—1) and the metric

induced by the tautological exact sequence on Q induce a metric K (A) on the Koszul
complex. This is a hermitian structure on A, Op». Finally on Op» we consider the standard
metric. This is a hermitian structure on (p2)4 K (A).

Fix a real additive genus S and denote by Tg the theory of analytic torsion classes for
closed immersions that is compatible with the projection formula and transitive, associ-
ated to S (Theorem 3.11). Moreover, fix a family t = {f,x | n > 0, —n < k < 0} of real
numbers and denote by T the theory of generalized analytic torsion classes for projective
spaces associated to this family.

Compatible analytic torsion classes for closed immersions and for projective spaces
should combine to provide analytic torsion classes for arbitrary projective morphisms, and
these classes should be transitive. The transitivity condition for the composition idp» =
p2 o A should give us

0 = T(idpr, Opr, Opr) = Tu(P2, K(A), Opn) + (P2)s(Ts(A, Opr, K (A))).
In general we define

Definition 6.2. The theories of analytic torsion classes T and Ty are called compatible
if

T(p2, K(A), Opn) 4+ ()b (Ts(A, Opn, K(A))) =0. (6.3)
Theorem 6.4. Let S be a real additive genus. Then there exists a unique family t = {t,, ;. |

n >0, —n < k < 0} of real numbers such that the theories of analytic torsion classes Ts
and T¢ are compatible. The theory Ty will also be denoted Ts.

Proof. The first step is to write (6.3) in terms of the main characteristic numbers t. To
this end, first observe that, since the exact sequence

0— Tp, > Tprxpr — p3Tpn — 0 (6.5)

is split and the hermitian metic on Tpnypn is the orthogonal direct sum metric, p; =
JTI*(FFS). Next, we denote by K (A); the component of degree i of the Koszul complex,
and we define .

—_— O]pn fori = 0,

K(A);=1-

(P2 K (L) io for i > 0.
Finally using Corollary 5.16, functoriality and compatibility with the projection formula,
we derive

Te(P2, K(A), Op) = Y (=)' Te(p2, K (A);, (p2)«K (A),)
i=0

=Y D T@E, (- ®AQ ) =D (=)'t _ich(A'Q").
i=0 i=0
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Thus, the second and last step is to solve the equation

Y (=Dt i ch(ATQ”) = —(p2)«(Ts(A, Opr, K(A)) ¢ Td(P2).  (6.6)
i=0

Since the left hand side of (6.6) is closed, to solve this equation we have to show that the
right hand side is also closed. We compute

dp(p2)«(Ts(A, Opr, K(A)) ® Td(p2))

= (p)«( 3 (=1 (B (2)) Td(P2) = A (ch (@) TA(R) Td(o) )
i=0

= (p2)( D=1/ P3(ch(A Q) P} (Eh@ (=) Td(Fy) ) — 1

i=0

= (=) ch(AQ ) (p2)« (P} (ch(O(~1))) Td(py)) — |
i=0

= (=) ch(ATQ )7 7u (ch(O(—i) Td(@) — 1 =1~ 1 =0.
i=0

In the first equality we have used the differential equation of 7. In the second one we have
used the definition of the Koszul complex, the equation ch(Ops) = 1 and the fact that, by
the choice of hermitian structures on 75 and T, we have Td(A) e A*(Td(p,)) = 1. The
third equality is the projection formula and the fourth is base change for cohomology. For
the last equality we have used (5.23).

Both sides of (6.6) are closed and defined up to boundaries, hence this is an equation
in cohomology classes. The tautological exact sequence induces exact sequences

0— AYQY = AFVY > A1V @ 01) — 0,

which give us
n+1

ch(AfQY) = < L

) — ch(A*=1QY) ch(O(1)).
Hence

k _ |
ch(A¥0Y) = Y (=1) (7: l,) ch(O(i)).
i=0

Since the classes ch(O(i)),i =0, ..., n, form a basis of @p le)p (P"*, R(p)), the same is
true for the classes ch(A’ 0Y),i =0,...,n. Therefore,if 1] € Hé(]P)", R(1)) is the class
represented by the constant function 1, the classes 11 o ch(Ai 0Y),i =0,...,n,forma

basis of @Zill H%p ! (P", R(p)). This implies that (6.6) has a unique solution. O
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Remark 6.7. Given a theory T of analytic torsion classes for projective spaces, obtained
from an arbitrary choice of characteristic numbers, in general there does not exist an ad-
ditive genus such that the associated theory of singular Bott—Chern classes is compatible
with T. It would be interesting to characterize the collections of characteristic numbers
that arise from Theorem 6.4.

By definition, compatible analytic torsion classes for closed immersions and projec-
tive spaces satisfy a compatibility condition for the trivial vector bundle and the diagonal
embedding. When adding functoriality and the projection formula, we obtain compatibil-
ity relations for arbitrary sections of the trivial projective bundle and arbitrary objects.

Let X be a smooth complex variety, let 7 : P, — X be the projective space over X
and let s: X — P be a section. Choose any hermitian structure on 7. Since we have
an isomorphism 7y --» s*T;[—1], this hermitian structure induces a hermitian structure
on 5. Denote by 7 and 5 the corresponding morphisms in Sm, sC. With this choice of
hermitian structures, we have

Tos=(mos,cone(s*Tw[—1], s*T=[—1])) = (idyx, 0),
because the cone of the identity is meager.

Proposition 6.8. Let S be a real additive genus. Let Ts denote both the theory of analytic
torsion classes for closed immersions determined by S, and the theory of analytic torsion

classes for projective spaces compatible with it. Let F be an object of ﬁb(X). Put a
hermitian structure on sy JF. Then

Ts(T, s5F, F) + 7o (Ts(5, F, 54 F)) = 0. (6.9)

Proof. By the anomaly formulas of Propositions 3.17 and 5.10, if (6.9) holds for a partic-
ular choice of hermitian structure on s/ then it holds for any other choice. Therefore we
can assume that the hermitian structure on s, F is given by K (s) ® 7*F, where K (s) is
the Koszul complex associated to the section s. By the projection formulas, if (6.9) holds

for the trivial bundle Oy then it holds for arbitrary objects of ﬁb(X ).

We now prove that, if (6.9) holds for a particular choice of hermitian structure 7, then
it holds for any other choice. Thus, assume that (6.9) is satisfied for 7 and 5. Let 7’ be
another choice of hermitian structure on 77, and 5’ be the hermitian structure induced on s.
On the one hand, we have

Ts(@, K (s), Ox) = Ts(T, K (s), Ox) + 7. (ch(K (s) @ Td,, (7', T) @ TA(T'))). (6.10)
On the other hand, we have
Ts(s', F, s+ F) @ Td(T)
= (TsG. F, 5:F) + 52(Tdyy(5', 5) TAF))) o (Td(@) — dp(Td,y (7', ) ® T(T')))
= Ts(5, F, 5+ F) @ TA(T) + 5+(Td,, (5, 5) TA(5)) & Td(T)
— T5@, F, 5. F) o dp(Td, (7', 7) ® TA(T)). 6.11)
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In the group @p 52”_1 (P, Ny, p) we have

Ts(5, F, 5+ F) o dp(Td,, (7, 7) o TA(T'))
= (ch(K (5)) — 5+(Td()))  (Td,, (@, ) @ TA(T)).  (6.12)
Observe that, by the definition of the hermitian structures of 5 and 57, we have
TA) e s*Tdy (T, 7) = —Tdy (5, 5) @ TAF). (6.13)
By combining (6.9), (6.10), (6.12) and (6.13) we obtain
Ts(@, 52 F, F) = —m(Ts (5, F, 5, F) @ Td(T')). (6.14)

We now prove (6.9) for a particular choice of hermitian structures. Let f: X — P"
denote the composition of s with the projection P}, — P"*. Then we have a commutative
diagram with cartesian squares

P ox X el Pr 5 P

. / .
SR
X f

Let_z and p; be as in Definition 6.2. On 77 and 5 we put the hermitian structures induced
by A. Since the Koszul complex K (s) equals (idp: x f)*K (A), by Proposition 2.14 and
functoriality, equation (6.9) in this case follows from (6.3). ]

We now study another compatibility between analytic torsion classes for closed immer-
sions and projective spaces. Let t: X — Y be a closed immersion of smooth complex
varieties. Consider the cartesian square

0
n n
Py —Py

X——Y
Choose hermitian structures on 7 and ¢ and put on 71 and ¢ the induced ones.

Proposition 6.15. Let S be a real additive genus. Let Ts denote both the theory of an-
alytic torsion classes for closed immersions determined by S, and the theory of analytic

torsion classes for projective spaces compatible with it. Let F be an object of D P%).
Put hermitian structures on (7w1)«F, (t1)«F and (7w o 1)« F. Then

Ts(@) + 7o (Ts (i) = Ts(@) + 0,(Ts(7r1)). (6.16)
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Proof. By the anomaly formulas, if (6.16) holds for a particular choice of hermitian
structures on (r1)4F, (¢t1)«F and (7 o ¢1)4F, then it holds for any choice. Because the
sheaves G(k), with G a coherent sheaf on X, constitute a generating class of Db (IP”)’(),
and by Propositions 3.19 and 5.12, we reduce to the case when F is of the form G (k).
We choose arbitrary hermitian structures on G and ¢,G. Furthermore, we assume O(k),
(1) O(k) and 7, O(k) are endowed with the hermitian structures of Notation 5.2. From
these choices and the projection formula, the objects (71).F, (¢t1)«F and (7 o (1) F
automatically inherit hermitian structures. Indeed, it is enough to observe the natural iso-
morphisms

() F =G ® (1) Ok), 6.17)
(DTG @ 1OK)) = % (1,G) ® O(k), (6.18)
(0 11)sF Z 1 (7*1,G ® O(k)) = 1,G ® ., O(k). (6.19)

We now work out the left hand side of (6.16). Using the projection formula for the theory
Ts for projective spaces, and (6.17)—(6.19), we find

Ts(T) = tn x ® ch(t:G). (6.20)
Using the functoriality of T for closed immersions and the projection formula we have

Ts() = 7*Ts(t, G, 1xG) @ ch(O(k)),
To(Ts(@1)) = Ts(t, G, 14G) @ 1 (ch(O(k)) @ Td(T)). (6.21)
Now for the right hand side of (6.16), the projection formula for T for closed immersions
implies
Ts(@) = Ts(t, G, 19) @ ch(m.O(k)). (6.22)

Similarly, we obtain Ts(7T() =t x ® ch(a), and hence
i (Ts(T1)) = tn i ® ts(ch(G) ® Td(D)). (6.23)
In view of (6.20)—(6.23), the difference of the two sides of (6.16) becomes
tnk @ dp Ts(t, G, .G) — Ts(1, G, 1G) @ dp 1k = — dp(tnk ® Ts(t, G, 1.G)) =0

in the group P, 5%”_1 (Y, N, p). O

7. Generalized analytic torsion classes

In this section we will extend the definition of analytic torsion classes to arbitrary projec-
tive morphisms of smooth complex varieties. Our construction is based on the construc-
tion of analytic torsion classes by Zha [49].
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Definition 7.1. A theory of generalized analytic torsion classes is an assignment that, to
each morphism f: X — Y in Smy ¢ and relative metrized complex & = (f, F, fi.F),
assigns a class of currents

n+1
= ~2p—1
TE) e @Dy (Y. Ny, p)
p=1

with the following properties:

(i) (Differential equation) For any current € T (£), we have
dp n = ch(fiF) — fylch(F)]. (7.2)

(ii) (Functoriality) If g: Y’ — Y isa rllorghisrn transverse to f, then g*T (§) =T (g*&).
(iii) (Additivity and normalization) If &£, &, are relative metrized complexes on X, then

TE ®&) =TE +TEy.
(iv) (Projection formula) If £ is a relative metrized complex, and G € Ob ﬁb(Y), then
TE®G) =T(E) ech(G).

(v) (Transitivity) If f: X — Y and g: ¥ — Z are morphisms in ﬁ*/@, and
(?, F, f«F) and (g, f«F, (g o f)«JF) are relative metrized complexes, then

T(@Eof)=T® +8(T(f). (7.3)

Propositions 7.4 and 7.6 below contain several anomaly and compatibility formulas
satisfied by an arbitrary theory of generalized analytic torsion classes. They follow from
properties (i)—(iii) and are analogous to those in Propositions 3.17 and 5.10, 3.19 and
5.12 respectively. The proofs are omitted, as they are similar to those of the analogous
statements referred to before.

Proposition 7.4. Let T be a theory of generalized analytic torsion classes. Let E =
(f, F, f«F) be a relative metrized complex.

G If F is another choice of metric on F and & = (f, f/ foF), then
TE) =TE + fylch(F, Pl
ai) If 7/ is another choice of hermitian structure on f and &, = (7, F., fuF), then

T(&) = TE) + fylch(F) o T, (F, ). (1.5)

(iii) If f*]-'/ is a different choice of metric on f,.F and & = (f, F, f*]-'/), then

T(E;) =TE) — ch(fuF . fu ).
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Proposition 7.6. Let T be a theory of generalized analytic torsion classes. Let

f: X — Y be a morphism in Sm, sc. Consider the distinguished triangles in ﬁb(X)
—=b .

and D (Y) respectively,

T: 72 — fl — 70 — ?2[1] and  fyt: fuFy — filF1 = fuFo = [oFolll,

and the relative metrized complexes E,- = (?, .T'i, S« F;), i =0,1,2. Then

2
Y (=1)ITE)) = ch(mT) — f,(ch(T)).

j=0
The main result of this section is the following classification theorem.

Theorem 7.7. Let S be a real additive genus. Then there exists a unique theory of gener-
alized analytic torsion classes that agrees with Ts when restricted to the class of closed
immersions. Moreover, if T is a theory of generalized analytic torsion classes, then there
exists a real additive genus S such that T = Tg.

We will denote the theory associated to the additive genus S, whose existence is guaran-
teed by the preceding theorem, by Ts. In particular, there is a unique theory of generalized
analytic torsion classes that agrees with 7" when restricted to the class of closed immer-
sions. This theory will be called homogeneous.

Prof of Theorem 7.7. We first prove uniqueness. Let T be a theory of analytic torsion
classes that agrees with Tg for the class of closed immersions. Since the restriction of
T to projective spaces, by the transitivity axiom, is compatible with T, by Theorem 6.4
it also agrees with Ts. Finally, the transitivity axiom implies that T is determined by its
values for closed immersions and projective spaces.

We now prove existence. For the moment, let 75 be the theory of analytic torsion
classes for closed immersions and projective spaces determined by S. Let f: X — Y be
a morphism in S_m* /C, and let E = (7, F, fTF) be a relative metrized complex. Since
f is assumed to be projective, there is a factorization f = 7 o ¢, where 1: X — Py
is a closed immersion and 7 : P{, — Y is the projection. Choose auxiliary hermitian
structures on ¢, 7w and 5. Then we define

Ts(€) = Ts(@) + 7>(Ts@) + f5[ch(F)  Td,(f, 7 0 D] (7.8)

To simplify the notations, we will also write simply 7' (£). The anomaly formulas easily
imply that this definition does not depend on the choice of hermitian structures on ¢,
and ¢, F. We next show that this definition is independent of the factorization of f. Let
f = m ot = m oy be two different factorizations, with P* being the target of ¢;,
i = 1, 2. Since (7.8) is independent of the choice of auxiliary hermitian structures, by
[17, Lem. 5.12], we may assume that ? =T|ol] =T2013.
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We consider the commutative diagram with cartesian square

J1 ky
X—)XXIP";,Z—>IP";,' X]P";,2
Y Y

. lql lpl
idy

where ji(x) = (x,(x)), p1 is the first projection, and g; and k; are defined by the
cartesian square. The hermitian structure of 7, induces a hermitian structure on p; that, in
turn, induces a hermitian structure on g;. The hermitian structure of ¢; induces a hermitian
structure on ki and the hermitian structure of ¢, induces one on j;. We will denote the
corresponding morphisms of Sm,, /cby P1. g1, k1 and j,. We also consider the analogous
diagram obtained by swapping 1 and 2. Finally, we write p = 7| o p; = 72 o p, and
j=kio 71 =kso 72. Then we have

T@) + @ (T @) =T @) + @O(T @) + f,(T @) + @Ds(T (1)
= T@) + @Ds(T @) + @s(T @) + PokD(T (1))
=T @) + @(T @D + @u(T k1)) + B, kDo(T ()
=T®) + (T ()
Analogously, we obtain 7' (72) + (@2 (T (12)) = T(p) + ﬁb(T(j)). Hence Ty is well
defined for all relative metrized complexes.
It remains to prove that it has the properties of a theory of analytic torsion classes.

Properties (i) to_(iv) are clear. We thus focus on (v). Lit ?: X —>Yandg:Y — Zbe
morphisms in Sm,,/c. We choose factorizations of g o f and g:

xiopn y e py
_ P _ 7
VA VA

where the hermitian structures on p and 7 come from fixed hermitan structures on the tan-
gent bundles Tpg and Tp%, and the hermitian structures i and ¢ are obtained by using [17,
Lem. 5.12]. We define ¢ : X — P to be the morphism obtained by composing i with
the projection to Pz. Then the morphism j := (¢, f): X — Py is a closed immersion.
Indeed, it is enough to realize that the composition

, id,
X (@, f) IP”{} (id,8) JP”;
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agrees with the closed immersion i and that G := (id, g) is separated (being proper). We
can thus decompose f as

X(_j>[p>’;l
N lq
BN

Y

Again, in this factorization the hermitian structure g comes from the previously fixed
hermitian structure on T]p'é , and the hermitian structure j is obtained by using [17, Lem.

5.12]. Because g o f = P o i, and by the very construction of T for arbitrary projective
morphisms (7.8), we have

T(go f)=T{P) + P, (T0)). (7.9)

We proceed to work on 7'(i). For this we write the commutative diagram

J k
X Py s Py =P},
\ LG lﬂ
1
Py < Py

We recall that G = (id, g) and k = (id, £). Below, G, k and = will be endowed with
the obvious hermitian structures. With these choices, we observe that i = G o j and
G = T o k. Taking also into account the construction of 7' and the fact that T = Ty is
transitive for compositions of closed immersions, we find

T@)=T@okoj)=T@) +7(TKk)+ Gy(T(j)) =T(G)+ Gy(T(j)). (7.10)

Therefore, from (7.9), (7.10) and the identity p,G, = g,q, we derive

T(Eo ) =T®P + (TG + 8, (T (). (7.11)
We claim that .
T(p)+py(T(G) =T() +8,(T(q)). (7.12)
Assuming this for a while, we combine (7.11) and (7.12) into
TEof)=T@ +&T@ +3(T()) =TE@ +2,(T(). (7.13)

Hence we need to prove (7.12). For this we construct the commutative diagram with
cartesian squares

Pt prx, PL s P

P S

YC

=
NS
N
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Observe that G = 7 o {. Recalling now Propositions 5.42 and 6.15, we have

T(P) +Po(T(G) = T(P) + Po(T ) + (T ©@))) = T(F) + (T (p) + po(T (D))
=TF) +7o(T O + 6T @) =T @ +8(T@)-

This proves the claim.
The last assertion of the theorem follows from uniqueness. O

Theorem 7.14. (i) Let T be a theory of generalized analytic torsion classes. Then there
is a unique real additive genus S such that, for any relative metrized complex § :=
(f, F, f«F), we have

TE) — T"E) = — fulch(F) o Td(Ty) @ S(T) @ 1]. (7.15)

(i1) Conversely, any real additive genus S defines, by means of (7.15), a unique theory of
generalized analytic torsion classes Ts.

Proof. We prove the first item, the second being immediate. Let S be the real additive
genus corresponding to 7', provided by Theorem 7.7. Then (7.15) holds for embedded
metrized complexes. Because T and T are both transitive, it suffices to show that (7.15)
holds whenever f: Py — X is a trivial projective bundle. Observe that 7" and T satisfy
the same anomaly formulas. Then, since the sheaves G(k), k = —n, ..., 0, form a gener-
ating class for DP (%), and by the projection formula for 7' and T", we easily reduce to
the case € = £(k). Let th ks tfl" ¢ be the characteristic numbers of T, T! respectively. We
have to establish the equality

tn—i — 1" = —m,(ch(O(=i)) Td(™)S(Tz)), i=—n,...,0. (7.16)

n,—i

This is an equality of real numbers. By functoriality, this equality is equivalent to the anal-
ogous equality in @p H%p _I(IP’" , R(p)), for the second projection p;: Pg. x Pt — P

instead of 77. Because the classes ch(A? Q) constitute a basis for EB[, le)pfl (PL, R(p)),
(7.16) is equivalent to the equality in cohomology

> (=1 (tn—i — 1! _) ch(ATQ)

= =2 (Y (=1 eh(piO(-i) ® A P3O ) TAFS () o 1), (7.17)

1

Recalling the exact sequence (6.1), minus the right hand side of (7.17) becomes

P2:(ch(A,0p0) Td(7,)S(T5,) o 11)
= p2(Au(ch(@pr) TA(R)) TA(F)S(T5,) o 11) = S(Tpr) 0 1.
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On the other hand, using the compatibility condition (Definition 6.2), the left hand side
of (7.17) can be equivalently written as

T (P2, AxOpn, Opn) — T" By, A Opn, Opn)
= —p(T(A, Opr, AOpr) — TH(A, Opn, AOpn)).  (7.18)

The genus S is additive, so in Deligne cohomology we have the relation
S(TK) = S(T]pn) — A*S(T[an]pn) = S(T]pn) — A*pTS(T]Pn) — A*[);S(Tpn) = —S(T]pn).

Hence, since the statement is known for closed immersions, the right hand side of (7.18)
becomes

P2+ (As(ch(Op) Td(T5) S(Tx) @ 11) Td(P,)) = —S(Tn) @ 1.

This concludes the proof. O

8. Higher analytic torsion forms of Bismut and Kohler

‘We now explain the relationship between the theory of analytic torsion forms of Bismut—
Kohler [13] and the theory of generalized analytic torsion classes developed so far when
they can be compared. Note that the theory of Bismut—Kohler applies to Kéhler submer-
sions between complex manifolds, whereas the theory developed here applies to projec-
tive morphisms between smooth quasi-projective complex manifolds.

Letm: X — Y be a smooth projective morphism (a projective submersion) of smooth
complex varieties. Let w be a closed (1, 1)-form on X that induces a Kéhler metric on the
fibers of . Then (77, w) is a particular case of what is called a Kihler fibration. The form
o defines a hermitian structure on 75, and we will abusively write 7 = (77, w) for the
corresponding morphism in Sm, /C-

Let F be a hermitian vector bundle on X such that for everyi > 0, Rim,F is locally
free. We consider on Rz, F the L? metric obtained using Hodge theory on the fibers
of . Using [17, Def. 3.47] we obtain a hermitian structure on 7, F', denoted by .. F ;.
Then& = (7, F, . F 12) is arelative metrized complex. The relative metrized complexes
that arise in this way will be said to be Kdhler.

In [13], Bismut and Kohler associate to every Kihler relative metrized complex & a
differential form, which we temporarily denote by 7(£). Since in [13] the authors use real
valued characteristic classes (the topological normalization), while we use characteristic
classes in the Deligne complex (the algebro-geometric normalization), we have to change
the normalization of this form. To this end, if 7(§)(?~1-P~1 is the component of degree
(p—1, p— 1) of 7(£), then we put

TERE P10 = Loriyp =[x @ PP D1 e DY (v, 0, p).
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‘We recall that [-] converts differential forms'into currents according to the conventions in
[19, §1], hence it includes a factor 1/(27n')Gllm Y (cf. (3.20)). We define

TP@E) =) TR
p=1
The first main result of [13] is that this class satisfies the differential equation
dpTB¥ (&) = ch(m, F2) — T [ch(F)].

Thus, TBK (%) is an example of an analytic torsion class.

Let now o’ be another closed (1, 1)-form on X that induces a Kihler metric on the
fibers of . We denote 7’ = (r, @’). Let F ' be the vector bundle F with another choice of
metric and define T[*_F/Lz to be the object 7, F with the L? metric induced by «’ and F.
We write E’ for the Kihler relative metrized complex (7', f’, JT*_F/Lz).

The second main result of [13] is the following anomaly formula.

Theorem 8.1 ([13, Theorem 3.10]). The following formula holds:
TPRE) = TR () = ch(w.F 12, 7 F 12) + 7, [ch(F) o Td,y (', ) — ch(F, F)].

In the book [3], Bismut studies the compatibility of higher analytic torsion forms with
complex immersions. Before stating his result we have to recall the definition of the R-
genus of Gillet and Soulé [29]. It is the additive genus attached to the power series

Rx)= )" (2g/(—m) + <1 P i)g“(—m)>ﬁ (8.2)
i odd 2 m m!’ '

Let T_g/> be the theory of analytic torsion classes for closed immersions associated
=1

to TR .

Remark 8.3. The fact that we obtain the additive genus —R/2 instead of R is due to

two facts. The sign comes from the minus sign in (3.12), while the factor 1/2 comes

from the difference of the normalization of Green forms used in this paper and the one

used in [27]. Note however that the arithmetic intersection numbers computed using both

normalizations agree, because the definition of arithmetic degree in [27, §3.4.3] has a
factor 1/2 while the definition of arithmetic degree in [18, (6.24)] does not.

Consider a commutative diagram of smooth complex varieties
X—>vY
_ g
N
zZ

where f and g are projective submersions and ¢ is a closed immersion. Let F be a hermi-
tian vector bundle on X such that the sheaves R' f, F are locally free and let

0> E,—--— Eg— 1,F =0
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be a resolution of ¢, F' by hermitian vector bundles. We assume that for all i, j, R! 8+Ej
is locally free. We will denote by E the complex E, — --- — Ejg. Let * and w! be
closed (1, 1)-forms that define a structure of Kahler fibration on f and g respectively. As
before we write f = (f, ) and g = (g, »?). The exact sequence

0—>Tr — f*Tg—>NX/y—>0

induces a hermitian structure on Nx,y. We will denote by 7 the inclusion ¢ with this
hermitian structure. Finally we denote by f, F z the hermitian structure on f, F induced
by the hermitian structures g Ej;2, j= 0,...,n.

Then, adapted to our language, the main result of [3] can be stated as follows.

Theorem 8.4 ([3, Theorems 0.1 and 0.2]). The following equation holds in the group
~2p—1
@, Dy (Z.9, p):
T(F.F. fiF ) =Y (- T*®. E}. fEj )
j=0

+3,(T_gp2 @, F, E)) + ch(fiF g, fiF 12).

We can specify the previous result to the case when F = 0. Then E and g, E are acyclic
objects. The hermitian structures of E; and g, Ej, » induce hermitian structures on them.

We denote these hermitian structures by E and g.E 2.

Corollary 8.5. Let E be a bounded acyclic complex of hermitian vector bundles on Y
such that the direct images R' g+ E; are locally free on Z. Then

> (1) T3, E;. 8. Ej ;) = ch(g.E 12) — 8, (ch(E))
j=0

in @, Dy~ (Z,9. p).

We will also need a particular case of functoriality and projection formula for the higher
analytic torsion forms of Bismut—Kohler proved by Rossler [43].

The relative metrized complexes &, (k) of Notation 5.2 are Kihler. Therefore we can
apply the construction of Bismut—Kohler to them. We denote

ok = TPRE, (k). (8.6)
By Corollary 8.5, the numbers t}i}f satisfy the relation (5.20). Hence they are determined
by the main characteristic numbers t,]illf for—n <k <0.

Lemma 8.7 ([43, Lemma 7.15]). Let w: P, — X be a trivial projective bundle. Let G
be a hermitian vector bundle on X. Then

T8 E, (k) ® G) = 12X e ch(G).
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Proof. In [43] this result is stated only for £k > 0. To prove the result for all k € Z one
observes that, since the sheaves R, (m*G ® O(k)) are locally free for all i, the proof
in [43] applies. Alternatively, one can derive the case k € Z from the case k > 0 using
Corollary 8.5 and the Koszul resolution (5.19). m]

We have all the ingredients we need to prove the main result of this section.

Theorem 8.8. Let T_ > be the theory of generalized analytic torsion classes associated
to the additive genus %IR. Then, for every Kiihler relative metrized complex &, we have

TBXE) = T_g2(8).

In particular T_g/> extends the construction of Bismut-Kohler to arbitrary projective
morphisms of smooth complex varieties and arbitrary smooth metrics.

Proof. Let 8K — {tfllj | n > 0, —n < k < 0} and let Tizx be the theory of ana-
lytic torsion classes for projective spaces associated to it. Let 7 : P, — X be a relative
projective space and let £ = (7, E, n*_ELz) be a Kihler relative metrized complex. By
choosing d > 0 we may assume that all the coherent sheaves of the resolution y,;(F)
of Corollary 4.3 are locally free. Using results 5.10, 5.16, 8.1, 8.5 and 8.7 we find that
TBK(€) = Tysx (£). By Theorem 8.4, the theories Tysk and T_g/ are compatible in the
sense of Definition 6.2. Therefore, TBX = T_x 2 when restricted to projective spaces.
Finally, by factoring a smooth projective morphism as a closed immersion followed
by the projection of a relative projective space, Theorem 8.4 implies that TBX = T_p 2
for all smooth projective morphisms. O

Remark 8.9. (i) The construction of Bismut—Kohler applies to a wider class of varieties
and morphisms: complex analytic manifolds and proper Kéhler submersions. However
for the comparison we have to restrict to smooth algebraic varieties and smooth projective
morphisms.

(ii) The results of Bismut and his coworkers are more precise. Here the class 72X (&)
is well defined up to the image of dp. In contrast, the higher analytic torsion form of
Bismut and Kohler is a well defined differential form, local on the base and whose class
modulo dp agrees with TBK(¥).

From Theorem 8.8, one can derive the result below; although it follows directly from
the definition of higher analytic torsion classes by Bismut and Kohler, it does not appear
explicitly in the literature.

Corollary 8.10. Let f: X — Y be a smooth projective morphism of smooth complex
varieties, and let § = (f, E, f«E2) be a Kdhler relative metrized complex.

() Let g: Y — Y be a morphism of smooth complex varieties. Then TBX(g*&) =
g*TBKE). B B
(i1) Let G be a hermitian vector bundle on Y. Then TBK(E ®G) = TBK(E) e ch(G).
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The last consequence we want to discuss generalizes to non-smooth projective morphisms
results already proved by Berthomieu—Bismut [1, Thm. 3.1] and Ma [35, Thm. 0.1], [36,
Thm. 0.1]. However we recall that, while we stay within the algebraic category and work
with projective morphisms, these authors deal with proper Kihler holomorphic submer-
sions of complex manifolds. Let g: X — Y and #: Y — Z be morphisms in the cat-
egory Sm, s such that the composition f = h ogis a smooth morphism. We choose
a structure of Kihler fibration on f, which we denote 7. Let E be a hermitian vec-
tor bundle on X and assume that the higher direct images R’ f, E are locally free. Then
we may consider the analytic torsion TBK(T) attached to the Kédhler relative metrized
complex (f', E, fxE;2). Also, we choose an auxiliary hermitian structure on g, E. We
can consider the torsion classes Tg/2(g) and Tg 2 (h) of the relative metrized complexes
(&, E, g+E) and (h, g E, frE|2).

We make the following additional assumption in some particular situations:
(%) The morphisms g and % are Kihler fibrations, the higher direct images R’g,E and

R/ R g« E are locally free and the auxiliary hermitian structure on g, E is the L?

hermitian structure.

When the hypothesis (%) is satisﬁe(i we denote by h.g.E > the L? hermitian structure
attached to the Kiihler structure on % and the L2 metric on g«E 2. Observe that this last
structure may differ from the L? structure on f, E 2. In the derived category DP(Z) there

is a canonical isomorphism 7, g« E . J«E. Applying [17, Thm. 4.11] for the Chern
character to this isomorphism we obtain a secondary class ch(h.g«E 2, fxE2).

We can consider the torsion classes TBK@) and TBK(E/) attached to (g, E, g*_ELz)
and (ﬁ, 8«E2, hyg«E2). By Proposition 5.10, we have the relation

TERW') = T_g)o(h) — ch(iugeE 12, fuE12).
The properties of the generalized analytic torsion classes imply immediately:

Corollary 8.11. Under these assumptions, we have
TER(F') = T_ppa (W) + ho(T-p/2(®)) + f4(ch(E) o T (F', 1))
If in addition the hypothesis (%) is satisfied, then
TBR(F) = TBR() + hy(TBX (@) + 7, (ch(E) o Ty (F . ) + ch(huguE 2. fuE 12).

Since T g/> extends the theory of analytic torsion classes TBK we will denote T_g /2
by TBX for arbitrary relative metrized complexes.

9. Grothendieck duality and analytic torsion
We will now study the compatibility of analytic torsion with Grothendieck duality.

Definition 9._1. Let F be an object of ﬁb (X). Recall that a representative of the hermitian
structure of F is given by a bounded complex of hermitian vector bundles

E: _)Em_)_)fl_)
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and an isomorphism E -~ Fin DP(X). Then the rank of F is defined as rk(F) =
> ;(=1)"dim(E"). This is just the Euler characteristic of the complex. The determinant
of F is the complex

det(F) = R)(A%m EENED k().

It consists of a single line bundle concentrated in degree rk(F). The rank and the deter-
minant do not depend on the choice of representative of the hermitian structure.

Definition 9.2. Let f: X — Y be a morphism in Sm,,c of relative dimension e. The
metrized dualizing complex is the complex given by Wy = (det T?)V. This complex is

concentrated in degree —e. The underlying object of DP(X) will be denoted by wy. If we
are interested in the dualizing sheaf as a sheaf and not as an element of DP(X) we will
denote it by ws or wy,y. Finally, if ¥ = Spec C, we will denote @y (respectively wy) by
wyx (respectively wy).

Definition 9.3. Let D*(x) be the Deligne complex associated to a Dolbeault complex.
The sign operator is

o:D*(x) > D*(%), weD"(p)r o) =(—-1’w.
The sign operator satisfies the following compatibilities.

Proposition 9.4. (i) Let (D*(x), dp) be a Deligne algebra. Then the sign operator is a
morphism of differential algebras, that is,

dpoo =0codp, o(wen)=oc(w)eo(n).

(ii) Let F be an object of ﬁb(X). Then

o ch(F) = ch(F"), 9.5)
o ch(det(F)) = ch(det(F)") = ch(det(F))~ !, (9.6)
o Td(F) = (=1)* P Td(F) o ch(det(F)"). 9.7)

Proof. The first statement is clear because if w € D"(p) and n € D™ (g) then we have
dpw € D" (p)and w e n € D" (p + q).
For the second statement, let E --» F be the hermitian structure of F. Write

EE=DE, E =PE.
S, D

i even i odd

Since the statement is local on X, we can chose trivializations of E+ and EJ: over an
open subset U. Let H™ and H ™~ be the matrices of the hermitian metricson E ' and E .
The curvature matrices of F+ and E_, whose entries are elements of DZ(U , 1), are

KT =K*F)=—-0(H) '9H™ .
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The characteristic forms can be computed from the curvature matrix:
ch(F) = tr(exp(K ™)) — tr(exp(K 7)),
ch(det(F)) = (=)™ det(exp(K+)) o det(exp(K )",

— K+t K~ -1
Td(F) = det(—] — exp(—K+)) ° det(—1 — exp(—K)) )

The sign in the second equation comes from the fact that det(F) is concentrated in degree
rk(F). Therefore, since o (K*) = —K* = K*(F "), we have
o ch(F) = o tr(exp(K ™)) — o tr(exp(K 7))
= tr(exp(K "(F ) — tr(exp(K~(F ")) = ch(F "),
o ch(det(F)) = det(exp(—K ™)) o det(exp(—K*))*1 = ch(det(?))*1 ,

— —K* k- \!
o Td(F) = det(—1 — exp(K+)> ° det(—1 — exp(K‘))

= det KT det Kt
= dc (m) e dc (eXp(— ))

dt(L)_l det(exp(—K 7))"!
e de I —exp(K) e det(exp
= Td(F) e ch(det(F))~!. O

Corollary 9.8. Let [E] € KA(X). Then ch(E") = o¢h(E).

Proof. Due to Proposition 9.4, the assignment sending [E] to U&I(F) has the character-
izing properties of ch. O

In the particular case of a projective morphism between smooth complex varieties or,
more generally, smooth varieties over a field, Grothendieck duality takes a very simple
form (see for instance [32, §3.4] and the references therein). If F is an object of Db(X )
and f: X — Y is a projective morphism of smooth complex varieties, then there is a
natural functorial isomorphism

[(FY® wp) = (fuF)". 9.9)

Compatibility between analytic torsion and Grothendieck duality is given by the fol-
lowing result.

Theorem & Definition 9.10. Let T be a theory of generalized analytic torsion classes.
Then the assignment that, to a relative metrized complex & = (f, F, fxF), associates the
class

TVE =cT(f.F ®ws fiF)

is a theory of generalized analytic torsion classes that we call the theory dual to 7.
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Proof. We have to show that, if T satisfies the conditions of Definition 7.1, then the same
is true for TV. We start with the differential equation. Let e be the relative dimension
of f. Then

dp TV E) =dpoT(J.F ® oF f*f )=odpT([.7 ® 0 f*]'" )
=och(fLF) —ofs [Ch(}' ® w5) o Td(f)]
= ch(fuF) — (=D*fi[o ch(F') e o (ch(det(T7)") o Td(TT))]
= ch(fuF) — fuleh(F) ¢ TA(F)].
Functoriality and additivity are clear. We next check the projection formula. Let G be an
object of ﬁb(Y). Then
TVE®G) =oT(J.F ® G @wp fiF ®G)
=o(T(F.F @ oy, F ) «ch(@) =TV o ch(@.

Finally we check transitivity. Let g: ¥ — Z be another morphism in Sm, /C- By the
definition of g o f we have Wgo7 = = ffwz @ oF 7 Therefore,

f*(]:v ® wgof) = f*(]:v & f*wg b2y (t)f) = f*(]:v ® wf) &® Wg = (f*]:)v ® Wg.
On fi(FY ® wgor) we put the hermitian structure of f*f ® wgz. Then we have
TV@of)=0T@0[.F ®wg7. (80 [F )
=0T @ F @z (g0 )T )
+og,T(f.F Qw7 ® frwg wg, foF ® @g)
=T, f+F, (gOf)*f)Jrog*(T(f F'®@w7. fiF ) ech(wg) e Td(D))
=T @ +8T" ().

Therefore, TV also has the transitivity property. Hence it is a generalized theory of ana-
Iytic torsion classes. O

Definition 9.11. A theory of torsion classes T is called self-dual when T = T.
We want to characterize the self-dual theories of generalized analytic torsion classes.

Theorem 9.12. The homogeneous theory T" is self-dual.

Proof. By the uniqueness of the homogeneous theory, it is enough to prove that, if T is
homogeneous, then TV is homogeneous. Let X be a smooth complex variety and let N
be a hermitian vector bundle of rank » on X. Put P = P(N @ 1) and let s: X — P
be the zero section and 7: P — X the projection. Let Q be the tautological quotient
bundle with the induced metric and K (s) the Koszul resolution associated to the section s.
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Since the normal bundle Nx,p can be identified with N, on the map s we can consider
the hermitian structure given by the hermitian metric on N. Then det Q is a complex
concentrated in degree . Moreover s* det 0 = det N = ws. The Koszul resolution has
the duality property K (s)¥ = K (s) ® det Q. The theory 7" is homogeneous if and only
if the class

TV (5, Ox, K(5))  Td(Q)

is homogeneous of bidegree (2r — 1, r) in the Deligne complex. Since 7' is homogeneous
we deduce that

TV(5, Ox, K(5)) e Td(Q) = o T (5, w5, K(5)")  Td(Q)
=0T (s, s*det Q, K(s) ® det Q) e Td(Q)
=0 (T @, Ox, K(s)) e ch(det 0)) e Td(Q)
—oT(5, Oy, K(s)) ech(det Q") @ Td(Q)
= (=)0 (T (5, Ox, K(s)) e Td(Q))
is homogeneous of bidegree (2r — 1, r) in the Deligne complex. O

Proposition 9.13. Ler S(x) = ZZO:O apx™ € R[[x]] be a power series in one variable
with real coefficients. Denote by S the corresponding real additive genus and by Ts the
associated theory of analytic torsion classes. Then the dual theory TSV has corresponding
real additive genus S° (x) := —S(—x).

Proof. Let& = (f, F, f.F) be arelative metrized complex. Let e be the relative dimen-
sion of f. Since f, sends currents of bidegree (1, p) to currents of bidegree (n—2e, p—e),
we have o fx, = (—1)¢ fro. The proposition readily follows from the definition of TSv , the
self-duality of 7" and Proposition 9.4. O

We can now characterize the self-dual theories of analytic torsion classes.

Corollary 9.14. The theory of analytic torsion classes Ts attached to the real additive
genus S(x) = ano apx™ is self-dual if and only if a, = O for n even.

Proof. By the proposition, TSv = Tgo, hence T is self-dual if and only if S = S. The
corollary follows. O

In particular we recover the following fact, which is well known if we restrict to Kédhler
relative metrized complexes.

Corollary 9.15. The theory of analytic torsion classes of Bismut—Kihler TBY is self-
dual.

Proof. We just remark that the even coefficients of the R-genus (8.2) vanish. O

We now elaborate on an intimate relation between self-duality phenomena and the ana-
Iytic torsion of de Rham complexes. Let f: X — Y be a smooth projective morphism
of smooth algebraic varieties, of relative dimension e. Let Ty ;v denote the vertical tan-
gent bundle, endowed with a hermitian metric. Write f for the corresponding morphism
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in S_m* sC- On the locally free sheaves Q‘; Y = APQy,y we put the induced hermitian
structures. The metrized de Rham complex is

O—>6x—o>§x/y—0>§§(/y—0>~--—O>§§(/Y—>0

with zero differentials. In fact, we are really considering the de Rham graded sheaf and
converting it into a complex in a trivial way. We indicate by Q;( sy the corresponding

object of ﬁb(X) ([17, Def. 3.37], see Remark 5.15). The individual terms ﬁf(/y will be
considered as complexes concentrated in degree p. We then obviously have:

Lemma 9.16. The objects (Qy ) ® w7 and )% /y[2e] are tightly isomorphic.

For every p, ¢, the cohomology sheaf RY f*Qi Y is locally free, because the Hodge
numbers AP of the fibers of f (which are projective, hence Kéhler) are known to be
locally constant. Every stalk of this sheaf is endowed with the usual L? metric of Hodge
theory. This family of L? metrics on RY f*Q[;( Y glue into a smooth metric. Because the
Hodge star operators * act by isometries, it is easily shown that Serre duality becomes an
isometry for the L? structures: the isomorphism

(R £,Q5 )Y = RIL((QF)" ® 0f) = RT4LQ5 )

. T ~D . =b
preserves the L? hermitian structures. For every p, let f*QI;( /Y denote the object of D " (Y)

with the metric induced by the L? metrics on its cohomology pieces [17, Def. 3.47]. Here
[« stands for the derived direct image. By [17, Prop. 3.48], Grothendieck duality

(f:Q%)p)" = £ y2e]

is a tight isomorphism. Finally, let [ f,Q% / y] be the object of ﬁb(Y) provided by [17,
Def. 3.39] (see Remark 5.15). The next lemma follows easily from the construction of
[17, Def. 3.39].

Lemma 9.17. Grothendieck duality defines a tight isomorphism in ﬁb(Y )

[f*Q;(/Y]v = [f*Q;(/y][ze]

Theorem 9.18. Let T be a theory of analytic torsion classes. The following assertions
are equivalent:

(i) the theory T is self_—dual;

(i) for every f, Ty, Q;(/Y and [f*Q;(/Y] as above and for every odd integer p > 1,
the part of bidegree (2p — 1, p) (in the Deligne complex) of T (f, 5;(/),, [f*Q;(/Y])
vanishes.
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Proof. Assume first of all that T is self-dual. We apply the definition of TV, the self-
duality assumption and Lemmas 9.16 and 9.17. We find that

T(f. Qv [f:Q% )y D =0T (f, Qy y[2e]. [ /9%, y112¢])
= (=D*oT(f, Qy)y, [:Q% D =0T (f, @)y, (/9% yD-

The sign operator o changes the sign of the components of bidegree (2p—1, p) for odd p.
Hence T'(f, Qx/y, [£:2% )y D 1)@P=L.P) vanishes for p > 1 odd.

For the converse implication, let S(x) = Zn>0 anx" be the real additive genus at-
tached to T via Theorem 7.14. By Corollary 9.14, we have to show that the coefficients a,
with n even vanish. Let us look at a smooth morphism f: X — Y of relative dimension 1,
with an arbitrary metric on Tf Then, developing the power series of ch and Td and taking
into account that Q! Xy = T = wx,y, We compute

Jileh(Q,y) Td(Ty)S(Ty) 0 1] = Z( " a, fuler(@x )" o 141,

n>0

Therefore, for p > 1 odd, we have

(—=DPap_1 filcr(wx y)’ o 1]
= (T(F, @)y [R5y ) =TT, Q% (195, D)7 = 0. 9.19)

Hence it is enough, for every odd integer p > 1, to find a relative curve f: X — Y such
that fi(c1(wx,y)?) # 0 in the cohomology group H?P(Y,C).Letd = p — 1 and choose
Y to be a smooth projective variety of dimension d. Let L be an ample line bundle on Y
and take X = P(L @ Oy). Consider the tautological exact sequence

0—> 01— ff(L®Oy)—> 0 —0.

We easily derive the relations

m*c1(L) = c1(Q) — c1(0(1)), (9.20)
c1(O(=1))c1(Q) =0. 9.21)

Moreover we have
c1(wxyy) = —c1(Q) — c1(O(1)). (9.22)

From (9.20)—(9.22) and because d = p — 1 is even, we compute
c1(@x/n)? = c1(Q) + c1 (O = w*e1(L)?,

Therefore we find

ci(wx/y)? = m*ei(L)er(0x)y). (9.23)
Finally, f' is a fibration into curves of genus 0, hence fi(c1(wx,y)) = —2. We infer that
(9.23) leads to
feler(@x/y)?) = =2c1(L)?.
This class does not vanish, since Y is projective of dimension d and L is ample. O

We end with a characterization of the theory of analytic torsion classes of Bismut—Kohler.
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Theorem 9.24. The theory of analytic torsion classes of Bismut—Kéhler TBX is the
unique theory of generalized analytic torsion classes such that, for every Kdhler fibra-
tion f: X — Y in Smy ¢, we have

TPR(F, Qv Q% v D = 0.

Proof. That the theory TBX vanishes for de Rham complexes of Kihler fibrations is a
theorem of Bismut [5]. For uniqueness, let T be a theory of generalized analytic tor-
sion classes vanishing on de Rham complexes of Kihler fibrations. Denote by S(x) =
Y k>0 a;x* its corresponding genus. If f is a relative curve with a structure of Kihler
fibration, then by Theorem 7.14,

T"(f, Qv L%y D) = D _ (=D fuler (x ) o 111, (9.25)
k>0

It is enough to find, for every k > 0, a relative curve f such that f,(ci(wx /y)k+1) does
not vanish. The elementary construction in the proof of Theorem 9.18 works whenever
k is even, but one easily sees it fails for k odd. Fortunately, there is an alternative argu-
ment. Let g > 2 and n > 3 be integers. Consider the fine moduli scheme of smooth
curves of genus g with a Jacobi structure of level n [21, Def. 5.4], to be denoted M;.
It is well known to be quasi-projective. Let 7: C; — My be the universal curve. An
example of Kihler fibration structure on 7 is provided by Teichmiiller theory (see for
instance [47, Sec. 5]). By [22, Thm. 1], the tautological class k,_2 := m4(cq (w7)8H €
H*&=2) (M5, C) does not vanish. Taking ¢ = k + 2 and f = 7, we conclude the proof
of the theorem. o

We note that in the previous theorem, the existence is provided by Bismut’s theorem. It
would be interesting to have a proof of the existence of a theory satisfying the condition
of Theorem 9.24 from the axiomatic point of view.

10. Direct images of hermitian structures

As another application of a theory of generalized analytic torsion classes, we construct
direct images of metrized complexes. It turns out that the natural place to define direct

images is not the category ﬁb(-) but a new category ﬁb(~) that is the analogue to the
arithmetic K -theory of Gillet and Soulé [28].

Let X be a smooth complex variety. The fibers of the forgetful functor ﬁb(X ) —
DP(X) have a structure of KA (X)-torsor, for the action of KA (X) by translation of her-
mitian structures [17, Thm. 3.13]. At the same time, the group KA (X) acts on the group
&b » 52Dp - (X, p) by translation, via the Bott—Chern character ¢h [17, Prop. 4.6]. Observe
that all Bott—Chern classes live in these groups, just as for analytic torsion classes. It is
thus natural to build a product category over KA (X).
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Definition 10.1. Let S C T*X be a closed conical subset. We define

~ —b ~)
D*(X. $) =D’ (X) xkac) DDy~ (X. 8. p)
p

to be the category whose objects are the equivalence classes [F, 1] of pairs (F, ) be-
longing to Ob ﬁb(X ) x P » D%p 71(X , S, p) under the equivalence relation

(F.m) ~ (F +[E], n — ch(E))
for [E] € KA(X), and with morphisms
Homg; (L7, 11, [G, v]) = Hompp x (F, §).

IfS C T are closed conical subsets of 7* X, then ﬁb(X , §) is naturally a full subcat-
egory of DP(X, T).

In what follows, we extend the main operations in DP(X) to the categories Db (X, 9).
In particular, we use the theory of generalized analytic torsion classes to construct push-
forward morphisms attached to morphisms in Sm, /C-

The category ﬁb(X ,S) has a natural additive structure. More generally, if S, T are
closed conical subsets of T* X, then there is an obvious addition functor

DP(X, S) x D°(X, T) & D°(x, SUT).

The object [0, 0] is a neutral element for this operation. If S 4 T is disjoint from the zero
section in 7*X, then there is a product defined by the functor

ObDP(X, S) x ObD°(X, T) 2 ObDP(X, (S + T)USUT), (102)
(F. 011G, v]) — [FRGC,ch(F)ev+nech@) +dpyev],

and the obvious assignment for morphisms. This product is commutative up to natural
isomorphism. It induces on D°(X, ) a structure of commutative and associative ring
category. Also, [Ox, 0] is a unity object for the product structure. More generally, the
category D®(X, S) becomes a left and right D®(X, #) module. Under the same assump-
tions on S, Z we may define an internal Hom. For this, let [f, n] € Ob ﬁb(X ,S) and
[a, v] € Ob Db(X, T). Then we put

Hom([F, n1, [G, v]) = [Hom(F, G), (o ch(F)) e v + (o)) e ch(G) + (dp on) e v],

where we recall that ¢ is the sign operator (Definition 9.3). Using Corollary 9.8, it is
easily seen this is well defined. In particular, we put

[F. 71" := Hom([F, n], [Ox,0]) = [F, on].

The shift [1] on ﬁb(X ) induces a well defined shift functor on ﬁb(X , S), whose action
on objects is . .
[F, nll1] = [F[1], —n].
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There is a Chern character

ch: ObD°(X, $) > DY (X.S. p).  [F.yl > ch(F) +dpn,
P

which is well defined because dp Efl(f) = ch(E) for [E] € KA(X). The Chern character
is additive and compatible with the product structure:

ch([F, n1 ®[G, v]) = ch([F, n]) e ch([G, v]).
Notice the relations
ch([F, n1Y) = o ch([F, n]),  ch([F, nl[1]) = — ch([F, n]).

We may also define Bott—Chern classes for isomorphisms and distinguished triangles.
Let ¢: [F, n] --» [G, v] be an isomorphism in Db(X S), whose underlying morphism
in Db(X ) is denoted ¢. While the class ch(go F -0 depends on the representatives
(F.n), (G, v), the class ch(') = ch(<p --» G) + v — n is well defined.

Lemma 10.3. Let ¢: [F, n] --» (G, v] be an isomorphism in ﬁb(X, S), with underlying
morphism ¢ in D®(X). Then the following conditions are equivalent:

(1) there_ exists [E] € KAN(X_) such that ¢ induces a tight isomorphism between F+[E]
cgzd G, and v = n — ch(E),
(i1) ch(p) =0.

Proof. This is actually a tautology. Because KA(X) acts freely and transitively on the
possible hermitian structures on F, there exists a unique [E] € KA(X) such that F + [E]
is tightly isomorphic to G via the morphism ¢. Then we have

ch(@) = ¢h(E) +v —n.
The lemma follows. ]

Definition 10.4. Let @ be an isomorphism in ﬁb(X , ). We say that @ is tight if the
equivalent conditions of Lemma 10.3 are satisfied.

In particular, if ¢: F - G is a tight isomorphism in D’ (X), then ¢ induces a tight
isomorphism [F, n] --+ [G, v] if and only if n = v.
The following lemma provides an example involving the notion of tight isomorphism.

Lemma 10.5. Let [F, n] € D°(X, S) and [G, v] € D*(X, T). Assume that S + T does
not cross the zero section. Then there is a functorial tight isomorphism

[F, 71" ® [G, v] = Hom([.F, n], [G, v]).
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Assume now there is given a distinguished triangle
T [Fon] - (G, v] - [H, u] - [F, nl[1].
Let T denote the distinguished triangle F --» G --» H --» in ﬁb(X ). Then we put
ch(@) = ch(@) +n — v+ .

By [17, Thm. 3.33(vii)], this class does not depend on the representatives and thus is well
defined.

We now study the functoriality of DP (X, ) with respect to inverse and direct images.
Let f: X — Y be a morphism of smooth complex varieties. Let T C T*Y; be a closed
conical subset disjoint from Ny. The action of the left inverse image functor on objects is

f¥: 0bD°(Y,T) = ObD(X, f*T),  [F,nl+> [f*F, f*nl.

That this assignment is well defined amounts to the functoriality of ch.

Let f be a morphism in the category Sm, sc- The definition of a direct image functor
attached to f depends upon the choice of a theory of generalized analytic torsion classes.
Let T be such a theory. Then we define a functor f, whose action on objects is

7.: ObDP(X, S) — ObD (Y, £.S),

_ - _ (10.6)
(Fonl = [AF, o) =T, F, fuF)],

where f,F is an arbitrary choice of hermitian structure on f, . By the anomaly formulas,
this definition does not depend on the representative (F, 1) nor on the choice of hermitian
structure on fi JF.

Theorem 10.7. Let f : X — Y andg : Y — Z be morphisms in %*/C- Let S C T* Xy
and T C T*Yy be closed conical subsets.

(i) Let[F,n] € Ob ﬁb(X , ). Then there is a functorial tight isomorphism

€ o Hx(UF. ) =g, f.(F, 0.

(ii) (Projection formula) Assume that T N Ny = @ and that T + f,S does not cross
the zero section of T*Y. Let [?, n] € Ob f)b(X, S) and [a, v] € Ob ﬁb(Y, T). Then
there is a functorial tight isomorphism

Fo(F 0 ® f*G,v]) = fLIF, 11 ®I[G, v]

in DP(Y, W), where W = fo(S + f*T)U fuSU fuf*T.
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(iii) (Base change) Consider a cartesian diagram

x Mox

A

Y’L>Y

Suppose that f and h are transverse and that Ny is disjoint from S. Equip f/_with
the hermitian structure induced by the natural isomorphism h*Ty ——» Ty, Let [F, 1]
be in ObDP (X, S). Then there is a functorial tight isomorphism

W F[F. 0l = 70 [F. )
inDP(Y', fIR'*S).

Proof. The first and the second assertions follow from Proposition 2.13, the transitivity
and the projection formula for 7. For the third item, one uses the functoriality of the
analytic torsion classes and Proposition 2.14. O

We close this section with an extension of Grothendieck duality to DP. Let f:X—>Y
be a morphism is Sm,,/c. To lighten notations, we denote by w7 the object (@, 0] in

ﬁb(X , ) (Definition 9.2). Suppose there is given a closed conical subset T C T*Y( such
p—|
that 7 N Ny = . Then we define the functor f* whose action on objects is

7' 00D (Y. T) - ObDU(X, f*T),  [F.yle> fHF. 1] ® 0.
Observe the equality
(G, V] ® 07 =[G ® wF, v e ch(wp)]. (10.8)

Now fix a theory of generalized analytic torsion classes. To the morphism f we have

attached the direct image functor .. We denote by ?: the direct image functor associated
to f and the dual theory (Theorem & Definition 9.10).

Theorem 10.9 (Grothendieck duality for D). Let f : X — Y be a morphism in Sm,c.
Let S C T*Xgand T C T*Yy be closed conical subsets suchthat TNNy = @ and T+ f,. S

is disjoint from the zero section. Let [F, n] € Ob ﬁb(X, S) and [G,o] € Ob ﬁb(Y, T).
Then there is a functorial tight isomorphism

Hom(7,[7. 11, [G. v]) = 7, Hom((F. n]. 7 [G. v])

in DP(Y, W), where W = fo(S + f*T)U f.SU fuf*T.
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In particular, we have

(FF )" =T (F 0" @ o). (10.10)

Proof. By Lemma 10.5 and Proposition 10.7, we are reduced to establish the functorial
tight isomorphism (10.10). The proof follows readily from the definitions, Grothendieck
duality and the following two observations. First of all, if T is the theory of analytic
torsion classes, then by the very definition of T we find

oT(f,F. P =T"(f.F @07, f.(F ® @),

where the metric on fi(FY ® @) is chosen so that Grothendieck duality provides a tight
isomorphism

foF = f(FV @ o).

Secondly, for direct images of currents, we compute
o >(n) = 0 (1 ¢ Td(T7)) = (—1)° fulon » 5 Td(T7)) = fu(0) ® ch(@) @ TA(T7)).

Here e is the relative dimension of f, and to derive the last equality we appeal to Propo-
sition 9.4. To conclude, we recall equation (10.8). ]

Corollary 10.11. Let T be a self-dual theory of generalized analytic torsion classes.
(i) Then there is a functorial isomorphism (f [F,n])" = f.([F,nl" ® @7F).

(i) If the hermitian structure of f comes from chosen metrics on Tx, Ty and ®x, wy are
equipped with the induced metrics, then we have a commutative diagram

Do(x, §) — 29X, Bb(x, §)

N b
=b ()V®®y =
D°(Y, fiS) ———=D(Y, fi$)

Proof. The first claim is immediate from Theorem 10.9. The second item follows from
the first one and the projection formula (Proposition 10.7). O

11. Analytic torsion for degenerating families of curves

As a second example of application of the theory developed in this article, we describe
the singularities of the analytic torsion for degenerating families of curves. The results
we prove are particular instances of those obtained by Bismut-Bost [6], Bismut [4] and
Yoshikawa [48]. Although the methods of this section can be extended to recover the
results of Yoshikawa in [48], for simplicity, we will restrict ourselves to fibrations in
curves over a curve.

In fact, our proof is not very different from the one in [4] and [48]. For instance, one
of the main ingredients of the proof of the results in [4] and [48] is the Bismut—Lebeau
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immersion formula. Our approach implicitly uses Bismut’s generalization of the immer-
sion formula, encoded in the existence of analytic torsion theories for arbitrary projective
morphisms. We expect that the techniques of this section can be used to generalize the
above results to situations more general than the ones considered by Yoshikawa.

Let S be a smooth complex curve and f: X — S a projective morphism of smooth
complex varieties, whose fibers are reduced curves with at most ordinary double singular
points. We assume that f is generically smooth. Following Bismut—Bost [6, Sec. 2(b)],
we call such a family an f.s.o. (famille a singularités ordinaires). The singular locus
of f,to be denoted X, is a zero-dimensional reduced closed subset of X. Its direct image
A = f(X) is the Weil divisor

A= Z npp,

peSsS

where n, is the number of singular points of the fiber f ~1(p). We will abusively iden-
tify A with its support. With these notations, we put V = S \ A. Locally for the analytic
topology, the morphism f can be written in complex coordinates either as f(zo, z1) = 2o
or f(z0,z1) = zoz1 [6, Sec. 3(a)]. In the second case, the point of coordinates (zg, z1) =
(0, 0) belongs to the singular locus X.

For a vector bundle F over X, let P(F) be the projective space of lines in F. The
differential df : Tx — f*Ts induces a section Ox — Qx ® f*Ts. Because f is smooth
over X \ X, this section does not vanish on X \ X. Therefore there is an induced map

n: X\ T - P(Qy ® f*Ts) = P(Qy),

called the Gauss map. Notice t}}glt this map was already used in [4] and [48].

We next study the blow-up X = Bly (X) of X at ¥ and relate it to the Gauss map. Let
7: X — X be the natural projection and f: X — S the natural morphism of X over S.
Observe that f is also an f.s.o0. Let E be the exceptional divisor of 7,

E=||E, E,=PT,X).
peX

with the reduced scheme structure. For every p € X, there is an identification 7, X =
Qy, p provided by the hessian of f, which is a non-degenerate bilinear form on 7, X. The
local description of the blow-up at a point implies:

Lemma 11.1. There is a commutative diagram
E, =P(T,X) —P(Qx,))

X — " Py
JTL/ ]ﬂ
XZ<  Ox\ ¥

Denote by O(—1) the tautological divisor either on P(Q2x) or on E,. Then there is a
natural isomorphism ﬁ*@(—l)|5p = O(-1).
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Consider now the short exact sequence of vector bundles on P(Q2y)
0— O(1) — p*Qx - Q0 — 0,

where Q is the universal quotient bundle. Observe that Q is of rank 1. The dual exact
sequence is
0—>U— p'Txy — O1) = 0,

U being the universal vector subsheaf. We denote by » the induced exact sequence on X
n:0— U - n*Txy — n*O(1) — 0. (11.2)

From (11.2) and the definition wx/s = wx ® f*Ts, we derive a natural isomorphism
I*U @ mtwx)s = I*O(-1) ® f*Ts. (11.3)

Lemma 11.4. We have _
m*O(=1) ® f*Ts = O(E). (11.5)

Proof. First of all we observe that 1*U ® m*wy/s is trivial on the open W = X\ E.
Indeed, by construction of the Gauss map we have

LU w =ker(df: Tx — f*Ts)lw = oy, sIW.

Hence by (11.3) we can write

ﬁ%x—n®fﬁg=c(§:mﬂ%)
peEX

To compute the multiplicities m, we use that ﬁ*O(—1)|Ep =01, (Ep - f*TS) =0
and (E, - Ep) = —1:

—my, = deg(@*O(=1) ® f*T5)lp, = —1+0=—1.
The lemma follows. O

Later we will need the commutative diagram of exact sequences

nlw: 0——g*Ulw —— Txlw —= 1*O()|lw ——=0
La lﬂ ly (11.6)
e: 0 ——wy/slw — Txlw — f*Tslw ——=0

After the identification t*O(—1) ® f *Ts = O(E) provided by the lemma, the morphism
y is the restriction to W of the natural inclusion Z*O(1) — p*O(1) ® O(E). This fact
will be used below.

We now proceed to introduce the hermitian vector bundles and the analytic torsion
classes we aim to study. We fix a theory of generalized analytic torsion classes 7.
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_ Letf:X — S, f: X — S be f.s.0. as above. Recall that we write W = X \ X =
X\EandV = S\ A, so that f~!(V) Cc W. We endow the tangent spaces Ty and T
with smooth hermitian metrics. We will denote by f the corresponding morphism in the
category Sm, sC. On the open subset W, there is a quasi-isomorphism

w)v(/s|W = C!);/s[l”W - Ty

induced by the identification wy sslw =ker(Tx|w — f*Ts). On wy /slw. and in partic-

\%
ular on “’f*l(V)/v’ > inc
for the corresponding morphism in Sm,c. Observe that the restriction of f to W, and

. . . .. ~ == . . =b
hence to f~!(V), may be identified with the restriction of f. Let F be an objectin D (X)
and fix a hermitian structure on f,F. Then we consider the relative metrized complexes

we put the metric induced by Tx |w. We will write 7 : f~1(V) — V

E=(.F. LB, &= Fleiw). FIv),
and the corresponding analytic torsion classes
= ~2p—1 = ~2p—1
TE e @PDL (SN p), TE)e@PDy V.0, p)
P p
By the functoriality of analytic torsion classes and the anomaly formulas, we have

TE) =TElv — FolehF 1 (y)) Tdu @l 1 )] (11.7)

Here 7 is the exact sequence in (11.6), with the hermitian metrics we have just defined.
From now on we will omit the reference to f ~1(V) and V in formulas.

We consider the hermitian structures on the sheaves U and O(1) on P(Q2x) induced
by p*Tx. We will write 7 for the exact sequence in (11.2) and @, 8 and ¥ for the vertical
isomorphisms in diagram (11.6), all provided with the corresponding metrics. Notice that
@ and B are isometries. By the properties of the Bott—Chern class ﬁm, one can prove

Td,u (8) = Td,, () + Td@) Td,s (7). (11.8)
Hence, from (11.7)—(11.8) and identifying f with f~ over V, we have
TE) =TE — fulx” ch(F)m* Td(F) Td, ()]
— ful* ch(F)m* Td(F) Td(7) Tdw (7). (11.9)
It will be convenient to have a precise description of ﬁim (y) at our disposal.

As shorthand, we write L := *O(1) and || - ||o for its hermitian structure constructed
before. We denote by || - ||; the metric on O(E) such that the isomorphism O(E); =

Zg ! ® f *Tg (Lemma 11.4) is an isometry. Recall that y gets identified with the restriction
to W of the natural inclusion L — LQO(E). We let ||- || o be the hermitian metric on L |y
such that y is an isometry. Hence, if 1 denotes the canonical section of O(E) and ¢ is any
section of L|w, then

[1€llco = [I€MlolIL]l1-
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To simplify the notations, we will skip the reference to W. We then have on W
Tdn(¥) = Tdu(Lo = Loo).

To compute a representative of this class, we fix a smooth function 4 : IP’(%: — R such that
h(0) = 0and h(co) = 1. Then we proceed by a deformation argument. Let g : W x Pé: —
W be the projection to the first factor. On the line bundle ¢* L we put the metric that, on
the fiber at the point (w, 1) € W x P(IC, is determined by the formula

h
1€l = 1€llo.w 117,

We will write || - ||; for this family of metrics parametrized by IP’(]C. Define

R — 1 —1 _ - _
Td(Lo > Loo) = 5 — fp | 5 logltD)(T(GL) — Td(g"Ly)).
C

Then o o _

Td,, (7) = Td™ (Lo)Td(Lo — Loso) (11.10)
represents the class fam (y). Let us develop Td,, ). If 5, denotes the trivial line bundle
on W x }P’(lc with the norm ||1||; = ||1||]]1([), then we compute

N - | I - . = I =
Td(g*L;) — Td(g*Lg) = 501(01) + 661(6’?;)61 c1(Lo) + ¢! (On)".
By the very definition of ¢, we find

c1(Oy) = 39 log|[1]|7 = 3 3(h(t) log |1]17)
= h(t)cy(OCE)y) +log 1293 h(t) + 3 h(t) A log [1]2 + 3 log |12 A3 A(r).

We easily obtain

: - 1 (ﬁ)1 (@) : log [I11]] (11.11)
- — 10 —C = —= 10 .
i Pl 3 g H e 2 g 1,

1 -1 1, - 1 _

P ——log(t1) g™ c1(Lo)c1(Or) = ——log|1]l1c1(Lo)- (11.12)

Tl Pé: 2 6 6

With some more work, we have

1 —1 [ a _
— | —log(tT) —c1(O))? = —=log ||1 O(E
2t Jor 2 og( )1261( 1) 5 og |[1]l1c1(O(E) )

b _
+ 3 0og 1]y 3 log [I1]11). (11.13)

where

a= L/ log(t?)185(h(t)2), b= L/ log(tt) d h(t) A h(t). (11.14)
2ri JpL, 2 2mi Jpl,
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‘We observe that

! /1 (zf)laﬁ(h(z)z) !
= — (0] — = -,
T omi Je B2 2

which is independent of 4. All in all, equations (11.10)~(11.14) provide the following
expression for the representative Td,, (¥) of Td,, (¥):

— = N 1 1 —
Td,(7) = Td™' (Lo) (— log 111 — ¢ log 111e1(Zo)

1 — b —
— 13 o lher (OE) ) + 3 0(log 1]} 9 log ||1||1))~ (11.15)

Given a current n € D"D(X , p), we will call (n, p) its Deligne bidegree, while the
Dolbeault bidegree will be the bidegree in the Dolbeault complex. When it is clear from
the context to which bidegree we are referring, we call it bidegree.

We now study the singularities of the component of Deligne bidegree (1, 1) of T(E/)
near the divisor A. For this we first recall the decomposition of (11.9). Observe that
DID(V, #, 1) gets identified with the space of smooth real functions on V. For an element
DS @p Bf)p_l (%, p), we write 9 @~ 1) to refer to its component of bidegree (2r —1, r).
By construction of the Deligne complex, an element of Deligne bidegree (2r — 1, r) is
just a current of Dolbeault bidegree (r — 1,7 — 1).

The following assertion is well known. See for instance [46, Lemma 2.1, Cor. 2.2].

Lemma 11.16. Let Q C C be an open subset and ¥ a current of Dolbeault bidegree
(0, 0) on Q2. Let A be the standard laplacian. If the current AV is represented by a locally
bounded measurable function, then v is represented by a continuous function.

Proposition 11.17. The current T ()11 e 51D (S, N¢, 1) is represented by a continuous
function on S.

Proof. The differential equation satisfied by 7'(§)(1D is
dp T(€)"D = ch(£F) >V — fileh(F) Td(HI*D. (11.18)

In local coordinates, the operator dp = —239 is a rescaling of the laplacian A. By the
lemma, it is enough to prove that the current on the right hand side of (11.18) is rep-
resented by a locally bounded measurable differential form. Because ch( £, F)?" and
ch(F) Td(f) are smooth differential forms, we are reduced to study currents of the form
f:[013 D, where 6 is a smooth differential form. By a partition of unity argument, we
reduce to the case where f: C? — C is the morphism f(zo, 21) = zoz1 and 6 is a dif-
ferential form of Dolbeault bidegree (2,2) with compact support. Then we need to prove

that the fiber integral
G(w) = / 0
2021=w



530 José Ignacio Burgos Gil et al.

is a bounded form in a neighborhood of w = 0. Write 0 = h(zo, z1)dzoAdZo Adz1 ANdZ].
We reduce to study integrals of the form

2
w

Gw) = </ h(Zo,Zo/w)—l |4 dZ()/\Zo) dw A dw.
lwl<lzo]<1 Izol

The property follows from an easy computation in polar coordinates. O
Proposition 11.19. Let 6 be a differential form of Dolbeault bidegree (1, 1) on X. Then
the current f,[0] is represented by a bounded function on S.

Proof. The proof is the same as in [6, Prop. 5.2]. One only has to show that the argument
there carries over to the case of non-reduced fibres that have appeared when blowing up
the nodes. O

Corollary 11.20. The current f*[n* ch(F)z* Td(f) :de (M) is represented by a
bounded function on S.

Proof. It suffices to observe that the differential form 7* ch(F)z* Td(f) "fflm (1) is actu-
ally smooth on the whole X. O

According to (11.9), it remains to study the current
fulm* ch(F)a* Td(TF) TAGD) Tdy D]y

The main difference WiEh the situation in Cog)llary 11.20 is that the class :f\am (y) is not
defined on the whole X, but only on W = X \ E. In the following discussion we will
use the representative Td,, () defined in (11.10) in place of Td,, (¥). In view of (11.11)-
(11.13), the first result we need is the following statement.

Proposition 11.21. Let 6 be a smooth and 9, 3 closed differential form on X, of Dol-
beault bidegree (1, 1). Let w be an analytic coordinate in a neighborhood of p € A with
w(p) =0. Write D, = EN F~Y(p). Then the current

~ 1
Follog 11,61 — (2—/ 9)[1og|w|]
1 D,

is represented by a continuous function in a neighborhood of p. In particular, if 0 is
cohomologous to a form *¥, where ¥ is a smooth and 9,9 closed differential form
on X, then fi[log||1|10] is represented by a continuous function on S.

Proof. Recall that the Poincaré-Lelong formula provides the equality of currents
dpllog [1]7'] = [e1(O(E))] — 3.

Moreover, the operator dp commutes with proper push-forward. Therefore, taking into
account that 6 is d and 9 closed, the equation

~ 1 -
dp fillog [I1][16] = (%/D 9>5p — feler(O(E) O] (11.22)
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holds in a neighborhood of p. On the other hand, the Poincaré-Lelong equation also gives
dpllog|w|] = §,. Using (11.22), we see that

~ 1 1~
dD(f*[IOg 10161 — <%/D 9)[10g|w|]) = —Ef*[m((’)(E)l)@].

Finally, by Proposition 11.19, the current f*[cl((’)(E )1)601] is represented by a continu-
ous function on S. Hence the first assertion follows from Lemma 11.16. For the second
assertion, we just observe that, in this case,

/0:/ ¥ = 0.
D, D,

The proof is complete. O

Corollary 11.23. Let n), be the multiplicity of A at p and O(1) the current represented
by a locally bounded function. The following estimates hold in a neighborhood of p:

fellog [11]l1c1(x*Tx)] = O(D),

fellog [1l1¢1 (O(EY D] = —njllog [w(] + O(1),
fellog [11l1¢1(Zo)] = npllog [w(] + O(D),
fellog [[Ll1e1 (F¥T)] = —npllog |w[] + O(1).

Proof. We use (11.3)-(11.5) and the intersection numbers (D, - D) = (D), - E) = —n,.
[m}

Corollary 11.24. With the notations above, the development
S O — T 132 _ TP
Jilr™ ch(F)m ™ Td(f) Td() Tdy ()] —rk(}')g[loglwl] +0(1)

holds in a neighborhood of p.

Proof. We take into account the expression (11.15) for the representative Td,y 1(¥), the
developments of the smooth differential forms ch(F), Td(f), Td(7) and Td~! (Lp), and
then apply Corollary 11.23. We find

falm* ch(F)x* Td(F) Td() T, (7)]32
_ b ~ _
= rk(f)’%[log [l +k(F)3 FulaClog 1111 3log [11)] + O(1).

To conclude we observe that, on V, the term f*[a(log 1)1 8 log ||11]|1)] vanishes. Indeed,
the morphism f; is smooth on V with one-dimensional fibers. Hence this current is rep-
resented by the function

1 - 1 —
Vost>-— | d(og|llidlog (1) = 5— /~ d(log |11 91og [I1]l1) = 0.
2mi f_](s) 2mi f_l(s)
This ends the proof. O

The results of this section are summarized in the following statement.



532 José Ignacio Burgos Gil et al.

Theorem 11.25. Let p € A and let ny, be the number of singular points of f: X — §
lying above p. Let w be a local coordinate on S, centered at p. Then, in a neighborhood
of p, we have the estimate

- tk F
TE) M = —=Znplloglull + O,
Proof. It is enough to join (11.9), Proposition 11.17, Corollary 11.20 and 11.24. O

Corollary 11.26. Assume that F = E is a vector bundle placed in degree 0, and that

R'fuE = 0 on S. Endow fiE with the L? metric on V depending on E and the met-

ric on @¢=i vy y. Write § "= (?/, E, f.E 12) for the corresponding relative metrized
complex on V. Let p and w be as in the theorem. Then

— rk(F _

@) = =", tog il + 0 Goglog [w| ™)

asw — 0.

Proof. Introduce an auxiliary smooth hermitian metric on the vector bundle f,E on S,
and let §’ = (?/, E, f.E) be the corresponding relative metrized complex. Then the
theorem applies to ?. By the anomaly formulas, on V we have

TEHD =TE)"D + ch(fHE, fE2) ™MD,
By [6, Prop. 7.1], the L? metric has logarithmic singularities near w = 0 and
ch(fiE. fxE 2) = O(loglog [w|™")
as w — 0. This proves the corollary. O

Remark 11.27. The corollary is to be compared with [6, Thm. 9.3]. The difference of
sign is due to the fact that Bismut and Bost work with the inverse of the usual determinant
line bundle. The approach of [6] is more analytic and requires the spectral description of
the Ray—Singer analytic torsion. This result is a particular case of [4, Theorem 0.1].
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