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(6) Sovvenzione AEX 2005/04363-3, FAPESP, Zeta regularized determinant for
deformed sphere, 2006 [25].
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(c) L. Flaminia. Cellular chain complex and cohmology rings of split

metacyclic groups, 2010-2012 [45];
(d) A.P. Tremura Galves, Whitehead torsion for metacyclic spherical space

forms, 2011-2013 [47].
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sità São Paulo, Brasil, co-orientazione con E. Do Santos (UFSCAR); M.
del Vecchio, p-coincidence on homotopy spherical space forms, 2011-2014.
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(7) Fa parte dal 2019 del programma di dottorato del dipartimento di mate-
matica ed applicazioni dell’universitá Mialno Bicocca.

7. Insegnamento

(1) Nel periodo 1996-2003 ha lavorato come esercitatore in corsi di algebra e
geometria presso il Politecnico di Milano e l’ Università Milano Bicocca.

(2) Corsi a livello di laurea
- Presso l’ ICMC ha tenuto i seguenti corsi:

– 2003 geometria analitica;
– 2004, geometria analitica, funzioni di una variabile complessa;
– 2005, calcolo I, geometria analitica;
– 2006, calcolo II, algebra lineare;
– 2007, geometria analitica, funzioni di una variabile complessa;
– 2008, calcolo II, algebra lineare;
– 2009, calcolo I, geometria;
– 2010, calcolo II;
– 2011, geometria analitica;
– 2012, calcolo II.

- Nel 2013 tiene un corso di geometria presso l’ università di Bolzano.
- Presso l’ università del Salento ha tenuto seguenti corsi:

– 2013/2014: analisi matematica 3 (matematica), analisi matema-
tica 1 (ingegneria);

– 2014/2015: analisi matematica 3 (matematica), matematica e
statistica (biotecnologie);

– 2015/2016: analisi matematica 3 (matematica), analisi e geome-
tria 1 (ingegneria);

– 2016/2017: analisi matematica (biologia), analisi e geometria 1
(ingegneria);

– 2017/2018: analisi matematica (biologia), analisi e geometria 1
(ingegneria).

- Presso l’ università Milano Bicocca ha tenuto seguenti corsi:
– 2019/2020: analisi matematica 1 (informatica);
– 2019/2020: geometria 1 (matematica).

(3) Corsi di master e dottorato.
- Presso l’ ICMC ha tenuto i seguenti corsi di dottorato:

– 2003 varietà differenziabili;
– 2004 elementi di teoria dell’ omotonia;
– 2005 topologia algebrica;
– 2006 analisi in Rn;
– 2007 algebra;
– 2009 topologia differenziabile;
– 2010 analisi in Rn;
– 2012 teoria dell’ omotopia.

- Nel 2011 visita la SISSA per tenere un corso dal titolo Torsion and
simple homotopy theory.

- Nel 2013 tiene un corso nel programma di magistero presso l’ univeri-
sità di Trento, dal titolo Lie groups and representations.



Mauro Spreafico - CURRICULUM VITAE 5

- Presso il dipartimento di matematica ed applicazioni, universitá Mi-
lano Bicocca, ha tenuto il corso di laurea magistrale: argomenti di
geometria e topologia, nel 2019.

8. Orientazioni di tesi

(1) Collaborazion tesi dottorato: A. Minatta [15] Università Milano Bicocca,
2002.

(2) Tesi di master presso l’ICMC:
(a) T. de Melo, Enumeration of bundles on closed surfaces, 2005.
(b) L. da Vale Silva, Whitehead group, 2007.
(c) L.R. Hartman, Simple homotopy, 2007.

(3) Tesi di dottorato presso l’ICMC:
(a) E. Teixeira Costa, Vector bundles on three dimensional spherical space

forms, 2006 [21].
(b) M.H. Andreade Claudio, The homotopy type of the gauge group of

quaternionic line bundles on spheres, 2008, [48].
(c) T. de Melo, Analytic and Reidemeister torsion for quaternionic space

forms, 2009, [32] [42] [44].
(d) L.R. Hartman, Reidemeister torsion and analytic torsion of spaces

with conical singularities, 2010, [32] [42] [34].
(e) L. Flaminia, PhD, Cellular chain complex and cohmology rings of split

metacyclic groups 2011, [45].
(f) A.P. Tremura Galves, PhD, Whitehead torsion for metacyclic spherical

space forms, 2013 [47].
(g) M. del Vecchio, PhD, p-coincidence on homotopy spherical space forms,

2014.
(4) Pos-Doc presso l’ICMC:

(a) L.R. Hartman, Extensions of the Cheeger-Müller theorem on pseudo-
manifolds, 2009-2011 [40] [46].

(b) F. Ferrari Ruffino, Non-integral bundles and gerbes; twisted K-theory
and cohomology, 2010-2013.

(c) Tháıs Dalbelo, Geometry of singular manifolds, 2016-2019.

9. Lavoro editoriale

- Editore delle riviste:
– São Paulo Journal of Mathematical Science, Springer,

http://www.springer.com/mathematics/journal/40863
– Note di matematica, SIBA-ESE Universitá del Salento,

http://siba-ese.unisalento.it/index.php/notemat
- Editore della rivista: International Journal of Algebra, periodo 2006-2008.
- Editore della rivista: Frontiers in mathematical physics,

http://www.frontiersin.org/Mathematical Physics, periodo 2007-2019.

10. Conferenze più recenti

(1) Conferenza su invito presso l’ università Universidade Federal de São Carlos,
Brasil, August 2017, Torsion invariants for spaces with conical singularities.

(2) Conferenza su invito presso l’ università di Milano, Milano, 2015, titolo
L2-analytic torsion for spaces with singularities.
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(3) Conferenza su invito presso l’ università di Udine, Udine, 2014, titolo Zeta
regularization of infinite products and analytic torsion of pseudomanifolds.

(4) Conferenza su invito presso l’ università del Salento, Lecce, 2013, titolo
Sequences of spectral type.

(5) Conferenza su invito nell’ incontro internazionale: Analytic torsion and its
applications, University Paris Sud, 2012, titolo: Ray Singer metric on a
frustum.

(6) Conferenza su invito presso l’ università di São Paulo, 2011, titolo: Relative
zeta determinants for singular perturbation.

(7) Conferenza su invito presso l’ università di Bonn, 2010, titolo The analytic
torsion of a cone.

(8) Conferenza su invito nell’ incontro internazionale: Journées Arithmetiques,
Saint Etienne, 2009, titolo: Double sequences of spectral type.

(9) Conferenza su invito nell’ incontro internazionale: Ativitées analitiques et
arithmetiques, Lille, 2009, titolo: On the Barnes double Gamma and zeta
function.

(10) Conferenza su invito nell’ incontro internazionale: Zeta functions and appli-
cations, Moscow, 2008, titolo: Zeta determinants for sequences of spectral
type.

(11) Conferenza su invito presso l’ università di Verona, 2008, titolo: Zeta
function for sequences of spectral type and applications to geometry.

(12) Conferenza su invito nell’ incontro internazionale: The Manifold Geome-
tries of Quantum Field Theory, Max Planck, Bonn, 2008, titolo: Double
sequences of spectral type and a generalization of the Kronecker first limit
formula.

10.1. Lingue. Italiano, inglese, portoghese, francese.

11. Principali interessi di ricerca

11.1. Theretical physics and mathematical models. Bidimensional quantum
gravity. String theories. Liouville model. Ising model. Quantization of anomalous
gauge field theories. BRST quantization. [2] [3] [4] [5] [6] [7] [8] [9].

11.2. Algebraic and geometric topology. Bundles theory, characteristic clas-
ses and gauge groups. Spaces of loops. Homotopy theory. Classifying spaces.
Homotopy and topology of gauge groups and loop spaces. Fundamental group and
homotopy type of mapping spaces. [10] [11] [l1] [12] [14] [13] [15] [21] [24] [26] [48]
[33] [39].

11.3. Geometry and topology of manifolds. Spherical space forms: cellular
decompositions, Whitehead and Reidemeister Franz torsion, simple homotopy type,
cohomology ring. Euler basis and determinants. [20] [33] [32] [42] [34] [44] [43] [45].

11.4. Geometry and global analysis on pseudo manifolds. Analysis and geo-
metry on spaces with singularities. Spaces with conical singularities (cones): ana-
lytic torsion, Whitehead and Reidemeister Franz torsion, extensions of the Cheeger
Müller theorem. Intersection torsion. Zeta and eta function. Localised spectra of
differential operators. [20] [27] [36] [38] [33] [32] [42] [34] [40] [46] [49] [51] [50] [57].
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11.5. Complex analysis, special functions and analytic number theory.
Analytic properties of special functions (in particular zeta and Gamma functions).
Analytic properties of zeta functions of elliptic operators. Determinants and regu-
larized products. Asymptotic expansions. Zeta invariants. Dirichlet series. Dedec-
kind zeta functions for quadratic fields. Kronecker formula and its generalizations
to polynomial forms. Double and multiple zeta and Gamma functions. [16] [18]
[19] [20] [22] [23] [31] [41] [37].

11.6. Applications of geometry and analysis to physics. Zeta regulariza-
tion of operators determinants. Relative zeta function and relative determinant
of pairs of operators. Zeta regularization of quantum field theories on compact
domains. Spectral analysis and geometry on spaces with singularities. Boundary
value problems for perturbed operators. [17] [25] [30] [35].

12. Research statement

All references for this part are in the attached preprints.

12.1. Equivariant cellularisations and fundamental domains for the sphe-
rical space forms. [p4]

If we have a finite group acting on a topological manifold, it is natural to look
for an equivariant cellular decomposition. Finding such a cellular structure, one
obtains an equivariant chain complex. This can be expressed as a chain complex of
free modules over the group algebra of the considered group. Hence, this provides
not only information about the space, but also on the group itself. For instance,
such a complex allows us to fully derive which type of representation is carried by
the homology of the space. Such an equivariant chain complex allows to lift the
action at the level of the derived category of integral modules over the group. For
instance, we may calculate derived functors.

However, not so many cases have been explicitly worked out. Finite groups acting
freely and isometrically on the 3-sphere provide an interesting class of examples. It
turns out that all such groups were entirely classified by Milnor and there is five
families of them: the quaternionic groups, the metacyclic groups, the generalized
tetrahedral groups, the binary octahedral and icosahedral groups. So far, explicit
equivariant cellular structures were found for the quaternionic groups [44], the
metacyclic groups [45] and [p1], the generalized tetrahedral groups [47], and the
Q groups. According to Milnor’s classification, the only remaining cases are the
binary octahedral group P48 and the binary icosahedral group P120, and the Q
groups.

The groups Q represent a full family, and the strategies applied for the other
groups fail for them. The hard difficulty in this subject is precisely the lack of
a general method to approach the problem: each time a different suitable tool
must be introduced and developed in order to produce the desired equivariant
decomposition. We are working on the last case, the Q groups. We have found
a decomposition for the first group of the family, however, such decomposition is
up to now a complicated one (with a large number of cells), so we are trying to
simplify it.

On the other side, the problem for the groups P48 and P120 is solved in [p4].
Beside the fact that the analysis is not too difficult, the may point is that the
result has an unexpected deep application to flag manifolds. Indeed, each one of
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these cases has its own interest. Recall that a flag in V := C3 is a pair (V1, V2)
of subspaces of C3, where V1 is a line and V2 is a plane containing V1. The set of
such flags is the flag manifold F of type A2. It is a closed algebraic subvariety of
P(V )×P(V ∗). Its real points F(R) form the set of real flags in R3, and is a compact
smooth manifold, called the real flag manifold of type A2. It turns out that, if we
denote by W the Weyl group of F , then W ' S3 acts freely on F(R) and we shall
see that we have a diffeomorphism of quotient spaces F(R)/W ' S3/P48. This will
provide an S3-equivariant cellular decomposition of F(R), once a P48-equivariant
cellular structure on S3 is known. On the other hand, the icosahedral case provides
a P120-equivariant cellular decomposition of the universal cover of the Poincaré
homology sphere.

Our strategy is based on the ideas of [p1]. Given a finite group G acting freely on
Sn, one looks at the orbit polytope PG of the considered group, that is, the convex
hull of an orbit of points in Sn. Then, the group acts freely on the boundary ∂PG
of PG and an equivariant cellular decomposition is found by determining a funda-
mental domain DG for the action on ∂PG and by finding a cellular decomposition
of DG (with smaller open faces as cells). Then, the cellular decomposition of ∂PG
is obtained by translating the one of DG. Next, one has to notice that the natural
projection ∂PG → Sn defined by x 7→ x/|x| is a G-equivariant homeomorphism
and then, one obtains a fundamental domain for the action of G on Sn and an
equivariant cellular decomposition. Furthermore, the fact that the decomposition
comes from a decomposition of some polytopal complex with open faces as cells,
implies that the resulting decomposition of Sn is regular (that is the closure of a
cell is homeomorphic to a closed ball) and the boundaries are then easily computed.
The main tool essentially says that we can find representatives for the action of G
on the facets of PG such that their union is a fundamental domain. We proceed by
determining such representatives for both P48 and P120.

The main results of this work may be summed up in the following statement:
Every sphere S4n−1, endowed with the natural free and isometric action of P48 (re-
sp. of P120), admits an explicit equivariant cell decomposition. As a consequence,
the associated cellular homology chain complex is explicitly given in terms of matri-
ces with entries in the group algebras Z[P48] and Z[P120], respectively. The crucial
case is S3. Then one may prove the result inductively, using curved joins. As a con-
sequence, one obtains the following result: One may give an explicit free 4-periodic
resolution of the trivial module Z over Z[P48] and over Z[P120]. In particular, one
can compute the cohomology modules H∗(P48,Z) and H∗(P120,Z). Moreover, using
the first result above we can derive the following consequence: The real flag ma-
nifold of type A2 admits an explicit equivariant cell decomposition, with respect to
its Weyl group S3. In particular, its cellular homology chain complex is explicitly
given in terms of matrices with entries in Z[S3] and the isomorphism type of the
Z[S3]-module H∗(F(R),Z) is determined.

12.2. Analysis and geometry of spaces with isolated singularities. [p2] [p3]
Let W be an orientable compact connected Riemannian manifold of finite di-

mension m without boundary and with Riemannian structure g̃. Consider the
product manifold (0, l] × W , where (0, l] is a positive interval of the real line,
l > 0. This is an orientable open connected manifold of dimension n = m + 1
with boundary {l} ×W . Let x the natural global coordinate on (0, l], and h(x) =
xβH(x), with H a smooth non vanishing function on [0, l], with H(0) = 1. Then,
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dx ⊗ dx + h2(x)g̃ = dx ⊗ dx + x2βH2(x)g̃ is a Riemannian metric on (0, l] ×W .
We denote by M(0,l](W ) the manifold (0, l] ×W with this metric. We denote by

M(0,l](W ) the space M(0,l](W ) ∪ {0}. Next, let Y be a compact connected orien-
table smooth Riemannian (we denote its metric by gY when necessary) manifold
of dimension n = m + 1 with boundary ∂Y . Assume that ∂Y has two disjoint
connected components, (∂Y )1 isometric to (W, l2g̃), and (∂Y )2. Consider the space
X = M(0,l](W )∪W Y, where the glueing is smooth: X is an open connected smooth
manifold with boundary ∂X = (∂Y )2. Then, also the metric gY glues smoothly to
the metric g of M(0,l](W ), for note that we have not requirements on the function H
near the boundary of M(0,l](W ) (beside obviously that it does not vanish). We will
denote the global metric on X by g, and its restrictions on Y and M(0,l](W ) by gY
and gM = g̃, respectively. X is an open connected orientable Riemannian manifold,
that we call a space with an isolated metric singularity of dimension n = m + 1.
We call the compact connected space X ∪ {0} the completion of X and we denote

it by X. We denote by X̊ = X − (∂Y )2 the interior of X. Observe that from the
topological point of view the interesting object its X, since X is homeomorphic
to Y − ∂Y , and has the same simple homotopy type of Y . Recall that the metric
g on X induces a distance d on X, such that the pair (X, d) is a metric space,
and the metric topology of (X, d) coincides with the manifold topology of X. In
the case β = 1, H = 1, the space X is called a space with isolated metric conical
singularities. This class of spaces was originally considered by J. Cheeger in the
’80s. In a series of paper, he developed the geometry and the global analysis on this
class of spaces. This line of investigation has since them produced a large number
of works. In particular, in [20] [42] [40] [40] [43] [51], several aspects of the problem
have been considered and a new method introduced. The main characteristic of
our method is that allows to tackle in a unified approach all the cases with any β
and H. In [p2] and [p3], we develop the complete analysis of the case β = 1, with
any H. We are working on the case with free β and H.

The aim of our research program is to extend the theory developed by Cheeger on
spaces with conical singularities to the general class of spaces X described above,
with the particular aim of studying the analytic torsion of these spaces. More
precisely, we extend the L2 theory of the Hodge-Laplace operator on a space with
isolated singularity. Our approach to the problem is to split the underground
space into a model singular space M(0,l](W ) and a smooth manifold, and glue
these two pieces. This is the original idea of Cheeger (see also works of Gaffney).
However, our approach has a substantial difference in the definition the Hodge-
Laplace operator. The striking feature of the L2 spectral geometry on a space with
conical singularity X is that Hodge theory produce topologic invariants of X that
indicate intersection cohomology rather than classical cohomology, unless X is a
rational homology manifold. However, the original definition of the Hodge-Laplace
operator introduced by Cheeger works only if the middle homology of the boundary
of Y is trivial when the dimension of Y is even. We introduce some boundary
conditions at the tip of the cone that permit to define the suitable Hodge-Laplace
operator and recover the Hodge theorem in all cases.

An essential technical tool to deal, first with the Hodge theory on M(0,l](W ),
and second with the asymptotic analysis of the relevant spectral functions, is the
theory of the singular Sturm-Liuouville operators on an interval (0, l]. In fact, in
the previous analysis being performed on the flat cone, the classical results in the
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theory of Bessel functions were available and sufficient for all purpose (the idea
originated probably in the works of Brüning and Seeley). We need to extend this
theory to a more general family of Sturm-Liouville problems. We develop some basic
results on the solutions of main differential equation, we define the relevant self-
adjoint bounded below operators, and we prove that they have compact resolvent
with square integrable kernel, and a complete discrete spectral resolution. This
permits to introduce the main spectral function for these operators, the logarithimic
Gamma function. The main point is that the logarithmic Gamma function is a
global function that contains deep spectral information. We need then asymptotic
expansion of such normalised solutions, both for large values of the spectral variable,
and for large values of some parameter uniformly in the spectral variable. This
technical part of the work is developed applying standard techniques of asymptotic
analysis, like the WKB and Green Liouville methods, and some new ideas based
on introducing a perturbation of the flat case.

In order to define the De Rham complex associated to the singular spaceM(0,l](W )
we introduce the formal Hodge-Laplace operator, and we proceed to decompose the
local analysis on M(0,l](W ) into local analysis on the interval and global analysis
on the section. In particular, we characterise the solutions of the harmonic, and
of the eigenvalues equations. This permits to define some concrete Hodge-Laplace
operators, where some suitable boundary conditions at the tip of the cone are in-
troduced. We are working on the general case. The case of a deformed cone has
been completely understood in [p2]. Here we briefly describe the method, that
we are now extending to the general case. We define some concrete Hodge-Laplace
operators ∆bc,p, with classical boundary conditions at the boundary, and some new
boundary conditions at the tip of the cone. In the case of the cone, these conditions
are of two types p = m and p = mc, that corresponds to the two middle perversities
appearing in the intersection theory of Goresky and Mac Pherson, that gives the
topological counter part of the program. We prove that the operators ∆bc,p are
self-adjoint and non negative, and have a compact resolvent with integral kernel.
We give explicit description of the harmonics, of the spectrum and of the eigen-
functions, obtaining the Hodge decomposition for the space of square integrable
function on the cone. A notable point is that we prove that the harmonics coincide
with the intersection cohomology without any assumption, in particular without
requiring the Witt condition, namely that the middle homology (of the base space)
is trivial in the even dimension base case. We are then in the position of defining
the absolute and the relative analytic torsion with middle perversities for the cone
of a manifold. In particular, the information on the spectrum and the spectral
resolution gives a duality result for the analytic torsion of the cone. We decom-
pose the torsion zeta function into a global part and a boundary part, following
the approach introduced and used in [40, 46]. The information on the spectrum
makes it possible to apply the Spectral Decomposition Theorem [41, 3.9] to study
the logarithmic Gamma function associated to the operators ∆bc,p. Essentially,
this consists in decomposing the double sums appearing in the logarithmic Gamma
function into sums of simple sums, plus regularising terms. In order to complete
the description of the analytic torsion on the cone, it is necessary to identify the
contribution of the boundary. We prove that this contribution is precisely the same
as it would be if the cone were a smooth manifold. In other word we prove an
extension of the work of Brüning and Ma for the cone. This we do repeating the
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same analysis made on the cone on a deformed conical frustum, and comparing the
resulting boundary contributions in the analytic torsion. Accomplished this final
step, we complete our description of the absolute and the relative analytic torsion
with middle perversities on a cone. After that, as previously mentioned, we describe
De Rham maps and Ray-Singer torsion, so to complete the proof of our extension
of the Cheeger-Müller on a cone. We observe that in the even dimensional case,
the result is analogous to the classical one, in the boundary version, while in the
odd dimensional case two anomaly terms appear. In particular, we note that these
anomaly terms depend only on the section of the cone. Eventually, the last point
is to glue the results of the previous part with the classical results valid for smooth
manifolds. In the case of the cone, exploiting this decomposition and the analysis
developed on M(0,l](W ), we may define concrete self-adjoint extensions ∆X,p, where
either p = m or p = mc, of the formal Hodge-Laplace operator on square integrable
forms on X, essentially by fixing some boundary conditions at the tip of the cone.
We prove that the operators ∆X,p are non negative with compact resolvent with
square integrable kernel. So we have a complete discrete spectral resolution and
the Hodge decomposition. In particular, this shows the existence of a complete
asymptotic expansion for the trace of the kernel of the heat operator, and gives a
direct approach to the determination of (at least the first) coefficients. This was
the original problem faced by Brüning and Seeley and Cheeger. We have the Hodge
Theorem that proves the existence of a natural isomorphism between the spaces
of the L2 harmonic forms and the intersection homology, and the De Rham maps.
Moreover, we may define the analytic torsion of X with middle perversities. In par-
ticular, we identify the variation of the analytic torsion under the variation of the
metric, provided that the last is constant near the singularity, and we prove that
the variation is the same as in the smooth case, as described by Ray and Singer,
and coincides with the variation of the Ray-Singer intersection torsion. In order
to compare the analytic torsion with the Ray-Singer intersection torsion, and to
complete the proof of our extension of the Cheeger-Müller theorem on a space with
conical singularities, we only need to prove that they coincide for some particular
metric. This we do using a glueing formula of M. Lesh, that extends the original
gluing formula of S.M. Vishik, and holds if the metric is a product near the gluing.
In order to apply the formula of Lesh, we need to identify ∆X,p with the Laplace
operator of some Hilbert complex with finite dimension spectrum, as defined By
Brüning and Lesh. For we study the De Rham complex on the cone, and we prove
that there exist Hilbert complexes with finite dimension spectrum whose associa-
ted Laplace operator is ∆X,p. Observe that we do not construct such an Hilbert
complex (this should be an interesting project), but just prove its existence, using
the explicit description of the self-adjoint extensions of the Hodge-Laplace formal
operator. In other words, we have proved that ∆X,p is an ideal boundary condition
with finite dimension spectrum for some De Rham complex of forms on the cone.
This permits to apply the glueing formula of Lesh, and to complete the proof of the
extension of the Cheeger-Müller Theorem. In particular, we show that the anomaly
terms appear only if the dimension of the space is even, and they are the same as
in the case of the cone, namely they depends on the link of the singularity. We
observe that our analysis implies the extension of the mentioned results of Lesh
Vishick (glueing formula) and Brüning Ma (boundary term) to spaces with conical
singularities. All this is in [p2]. We are working on the extension to the case β 6= 1.
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