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B. Cappelletti-Montano, A. De Nicola, I. Yudin, Hard Lefschetz theorem for Sasakian manifolds, Journal of Differ-
ential Geometry 101 (2015), 47-66.

In this paper, we establish the Hard Lefschetz Theorem for any compact Sasakian manifold. It provides an ob-
struction for a contact manifold to admit a Sasakian metric compatible with the contact structure. We introduce
contact-Lefschetz manifolds and extend to them the result of Fujitani stating that the odd Betti number of a
compact Sasakian manifold are even. Examples of Lefschetz manifolds with no Sasakian structure have been
recently presented by Y. Lin. In the paper [15] of the Complete List of Publications, we use the above mentioned
obstruction to exhibit examples of compact K-contact non-Sasakian manifolds.

B. Cappelletti-Montano, A. De Nicola, J.C. Marrero, I. Yudin, Sasakian nilmanifolds, International Mathematics
Research Notices Vol. 2015, no. 15, 6648-6660.

This paper solves an important problem: which compact nilmanifolds of odd dimension admit Sasakian struc-
ture. In the even-dimensional case, the problem of classifying compact nilmanifolds with Kédhler structure was
solved independently by Hasegawa and Benson-Gordon. Notice that we attack the problem in its full general-
ity, and do not require invariance of the Sasakian structure or any other kind of compatibility. Essentially, the
proofs consist in comparing two models for a Sasakian nilmanifold by means of a morphism that is known to
exist between them. One of the models was found by Hasegawa (it applies to any compact nilmanifold and it is
minimal in the sense of Sullivan) and the other one was found by Tievski in his thesis (and applies to compact
Sasakian manifolds, using their basic cohomology). Carefully analyzing the consequences of the existence of
the said morphism, we are able to prove that the Lie algebra of the nilpotent group is 2-step nilpotent. Then by
looking at the classification of these Lie algebras, we conclude that it must be the generalized Heisenberg Lie
algebra.

B. Cappelletti-Montano, A. De Nicola, ].C. Marrero, I. Yudin, Hard Lefschetz theorem for Vaisman manifolds. Trans-
actions of the American Mathematical Society 371 (2019), 755-776.

We establish a Hard Lefschetz Theorem for the de Rham cohomology of compact Vaisman manifolds. A similar
result is proved for the basic cohomology with respect to the Lee vector field. Motivated by these results, we
introduce the notions of a Lefschetz and of a basic Lefschetz locally conformal symplectic (l.c.s.) manifold of the
first kind. We prove that the two notions are equivalent if there exists a Riemannian metric such that the Lee
vector field is unitary and parallel and its metric dual 1-form coincides with the Lee 1-form. Finally, we discuss
several examples of compact l.c.s. manifolds of the first kind which do not admit compatible Vaisman metrics.

A. De Nicola, G. Dileo, I. Yudin, On nearly Sasakian and nearly cosymplectic manifolds, Annali di Matematica Pura
ed Applicata 197 (2018), 127-138.

We prove that every nearly Sasakian manifold of dimension greater than five is Sasakian. This provides a new
criterion for an almost contact metric manifold to be Sasakian. Moreover, we classify nearly cosymplectic mani-
folds of dimension greater than five.

A. De Nicola, I. Yudin, Nilpotent Aspherical Sasakian manifolds, International Mathematics Research Notices 2024
(2024) no.15, 11221-11238.

We show that every compact aspherical Sasakian manifold with a nilpotent fundamental group is diffeomor-
phic to a Heisenberg nilmanifold. As a corollary, we prove that a compact aspherical Sasakian manifold with
(virtually) solvable fundamental group is diffeomorphic to a finite quotient of a Heisenberg nilmanifold.

B. Cappelletti-Montano, A. De Nicola, I. Yudin, A survey on cosymplectic geometry, Reviews in Mathematical
Physics 25 (2013), 1343002 (55 pages).

We give a complete overview of geometric and topological properties of cosymplectic and coKéhler manifolds.
We cover 40 years of results published in this modern field of research. We also describe some of the applications
to time-dependent mechanics. This paper has had a considerable impact in the field, rapidly becoming the
main reference for researchers in cosymplectic geometry, as shown by the 106 citations it has already collected,
according to Scopus (June 2024).
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SUMMARY OF RESEARCH ACTIVITY

e Keywords: Riemannian geometry, Topological invariants, Sasakian Geometry, Poisson geometry, Mathematical
Physics.

My scientific activity has been developed around a few topics all concerning Differential Geometry and its inter-
actions with Mathematical Physics. Most of my scientific production concerns Topology and Geometry of Sasakian
and coKédhlerian manifolds, and their quaternionic counterparts. I also dealt with Poisson and Jacobi manifolds and
algebroids.

The first topic in which I worked is the geometric formulation of classical field theory and led to the Ph.D. thesis
[PhD], supervised by Prof. W. M. Tulczyjew. In the thesis we considered the principle of virtual work, well known
in statics, as a master model for all variational principles of classical physics. Thus we started with a reformulation
of statics and dynamics of mechanical systems in a form suitable for generalization to field theories. Some of the
results obtained in the first part of the thesis were published in [30]. We used the results obtained in statics and
dynamics as a conceptual guide for developing a variational formulation of electrodynamics as an important example
of field theory. Relying on a variational principle more complete than the Hamilton principle our formulation led to
field equations with external sources and permitted the derivation of the constitutive relations which were usually
postulated. The main results obtained in the second part of thesis were announced in [29]. The complete formulation
was presented in the paper [24].

After the Ph.D., a new line of research gradually emerged, focused on the study of contact metric (Sasakian)
manifolds, as well as Jacobi and Poisson manifolds, and the associated algebroids.

In [27] we present a compared analysis of some properties of 3-Sasakian and 3-cosymplectic manifolds which are
the closest odd-dimensional analogue of hyper-Kéhler structures. These manifolds have assumed great importance
in Physics in view of their recently found applications to supergravity and superstring theory. We prove that a 3-
Sasakian manifold does not admit any Darboux-like coordinate system. Moreover, we prove that any 3-cosymplectic
manifold is Ricci-flat and in the regular case it projects onto a Hyper-Kédhler manifold. The similarities found in the
two classes studied led subsequently to a systematic analysis of the larger class given by the 3-quasi-Sasakian mani-
folds [25, 22]. In particular we prove that the three Reeb vector fields determine a totally geodesic and Riemannian
foliation. We show that 3-quasi-Sasakian manifolds have a well-defined rank, obtaining a rank-based classification.



Finally, we study their relation with Quaternionic-Kédhler and hyper-Kahler manifolds. Recently, in collaboration
with I. Yudin (University of Coimbra) and B. Cappelletti Montano (University of Cagliari), we studied the topology
of 3-cosymplectic manifolds (see [S6, ?, 19]). We show that there is an action of the Lie algebra so(4,1) on the ba-
sic cohomology spaces of a compact 3-cosymplectic manifold with respect to the Reeb foliation. This implies some
topological obstructions to the existence of such structures which is expressed by bounds on the Betti numbers. It
is known that every 3-cosymplectic manifold is a local Riemannian product of a hyper-Kéhler factor and an abelian
three dimensional Lie group. Nevertheless, we present a nontrivial example of compact 3-cosymplectic manifold
which is not the global product of a hyper-Kéhler manifold and a flat 3-torus.

Recently, in [11] we established the Hard Lefschetz Theorem for Sasakian manifolds. It provides an obstruction
for a compact contact manifold to admit a Sasakian metric compatible with the contact structure. We introduced con-
tact Lefschetz manifolds and extended to them the result of Fujitani stating that the odd Betti number of a compact
Sasakian manifold are even. Examples of Lefschetz manifolds with no Sasakian structure have been recently pre-
sented by Y. Lin. In [15], we used this obstruction to exhibit examples of compact K-contact non-Sasakian manifolds.

One of the most powerful tools to study topological invariants of manifolds is provided by Rational and Real Ho-
motopy Theory developed by Sullivan in the 70s. It is well known that the de Rham algebra of the manifold contains
a lot of information, but it is not manageable since the spaces of differential forms are infinite dimensional. As an
obvious remedy one can pass to cohomology groups of the de Rham algebra, but in this way too much information
is lost. Real Homotopy Theory gives an intermediate object between the full de Rham algebra and its cohomology.
Namely, one defines a model of a manifold as a commutative differential graded algebra (CDGA) quasi-isomorphic
to the de Rham algebra. In this way the cohomology groups of the model are the same as the de Rham cohomology
groups of the manifold. But on the other hand one can often find a finite-dimensional model. For example, in Sulli-
van and his collaborators showed that cohomology ring of a Kaehler manifold is its model. The strength of this result
was demonstrated by Hasegawa that showed that every Kaehler nilmanifold, that is a quotient of a nilpotent Lie
group by a cocompact subgroup, is an even dimensional torus. In contrast to the Kaehler case, the cohomology ring
of a Sasakian manifold is not its model in general. However Tievsky in his PhD thesis constructed a finite dimen-
sional model of a Sasakian manifold starting from its basic cohomology ring. Using his model, we gave a complete
classification of Sasakian nilmanifolds in [S2]. Based on this result, Kasuya recently managed to classify Sasakian
solvmanifolds.

On the Poisson side, my research mainly concerns with Lie algebroids, Courant algebroids and Dirac structures.
Among the results already achieved, it is worth to mention the generalization of the notion of Poisson quasi-Nijenhuis
structure to Lie algebroids [Pre2] showing that they give rise to quasi-Lie bialgebroids. This opened the ground to
the possibility of considering also the concept of a Jacobi quasi-Nijenhuis manifold which we expected to give rise
to a quasi-Jacobi bialgebroid. This has been proven in [21], in collaboration with ]J. Nunes da Costa e R. Caseiro of
CMUC. We also obtained an associated Courant-Jacobi algebroid to each Jacobi quasi-Nijenhuis manifold or alge-
broid. The notions of quasi-Jacobi bialgebroid morphism and Courant-Jacobi algebroid morphism were introduced,
providing also some examples. In collaboration with J. C. Marrero and E. Padrén of the University of La Laguna,
I studied bi-Hamiltonian systems in the framework of Lie Algebroids and the related geometric problems like the
reduction of Poisson Nijenhuis Lie Algebroids. We showed how to reduce, under certain regularities conditions, a
Poisson-Nijenhuis Lie algebroid to a symplectic-Nijenhuis Lie algebroid with a nondegenerate Nijenhuis tensor. We
generalized the work done by Magri and Morosi for the reduction of Poisson-Nijenhuis manifolds. The choice of the
more general framework of Lie algebroids was motivated by the geometric study of some reduced bi-Hamiltonian
systems. An explicit example of reduction of a Poisson-Nijenhuis Lie algebroid was also provided. This research
resulted in the publication [20].
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e Grant of the Portuguese FCT awarded to the geometry group of the Universidade de Coimbra Algebrdides, Ge-
ometria, Grupos Quanticos e Aplicagdes (2011-2013), PTDC/MAT/099880/2008 (3 years grant for 17 team members,
90.000 EUR).

e Member of the Spanish Research Project Geometria, Mecinica Y Control (2012-2013), MTM2011-15725-E, 15.000
EUR).

e Member of the Spanish Research Project Geometria, Mecdnica Y Control (2011-2012), MTM2010-12116-E, 15.000
EUR).

e Member of the Spanish Research Project Geometria, Mecdnica Y Teorias Clasicas De Campos. Algunos Problemas
Variacionales (2010-2012), MTM2009-13383 (3 years grant for 7 team members, 49.489 EUR).

e Member of the Spanish Research Project Geometria, Mecdnica Y Control (2010-2011), MTM2009-08166-E, 20.000
EUR).

TEACHING EXPERIENCE

e February-May 2022: Course of Geometry at the University of Salerno.
I taught the course of Geometry and linear algebra (72 hours) to first year students of Physics of the University
of Salerno.

e February-March 2022: Course of Sullivan models and geometric applications at the University of Coimbra.
I taught the course of Sullivan models and geometric applications (10 hours) to first year PhD students enrolled
in the PhD program in Mathematics, Physics and Applications of the University of Salerno.

e October-December 2021: Course of Riemannian Geometry at the University of Salerno.
I taught the course on Riemannian geometry (48 hours) to second year Master students of the University of
Salerno.

e February-May 2021: Course of Geometry at the University of Salerno.
I taught the course of Geometry and linear algebra (72 hours) to first year students of Physics of the University
of Salerno.

e October-December 2020: Course of Riemannian Geometry at the University of Salerno.
I taught the course on Riemannian geometry (48 hours) to second year Master students of the University of
Salerno.

e February-May 2020: Course of Geometry at the University of Salerno.
I taught the second part of the course of Geometry and linear algebra (32 hours) to first year students of Physics
of the University of Salerno.

e October-December 2019: Course of Riemannian Geometry at the University of Salerno.
I taught the course on Riemannian geometry (48 hours) to second year Master students of the University of
Salerno.

e February-May 2019: Course of Geometry at the University of Salerno.
I'taught the second part of the course of Geometry and linear algebra (32 hours) to first year students of Physics
of the University of Salerno.

e October 2018-January 2019: Course of Riemannian Geometry at the University of Salerno.
I taught the course on Riemannian geometry (48 hours) to second year Master students of the University of
Salerno.



e February-May 2018: Course of Geometry at the University of Salerno.
I taught the second part of the course of Geometry and linear algebra (32 hours) to first year students of Physics
of the University of Salerno.

e October 2017-January 2018: Course of Differential Geometry at the University of Salerno.
I taught the course on Differentiable Manifolds (48 hours) to second year Master students of the University of
Salerno.

e February-May 2017: Course of Geometry at the University of Salerno.
I taught the second part of the course of Geometry and linear algebra (32 hours) to first year students of Physics
of the University of Salerno.

e September 2016-December 2016: Course of Differentiable Manifolds at the University of Coimbra.
I taught the course of Differentiable Manifolds (50 hours) to first year PhD students enrolled in the joint PhD
program of the Universities of Coimbra and Porto, Portugal.

e September 2014-January 2015: Exercise classes of Geometry and Linear Algebra (ALGA) at the University
of Coimbra.
I taught the Exercise classes (Theoretical-Practical) of a one-semester course (24 hours) in Geometry and Linear
Algebra to over 30 first year students of Mechanical Engineering of the FCTUC, University of Coimbra.

e February-May 2014: Exercise classes of Geometry and Linear Algebra (ALGA) at the University of Coimbra.
I taught the Exercise classes (Theoretical-Practical) of a one-semester course (19.5 hours) in Geometry and Linear
Algebra to over 40 first year students of Environmental Engineering of the FCTUC, University of Coimbra.

e September 2012-January 2013: Exercise classes of Geometry and Linear Algebra (ALGA) at the University
of Coimbra.
I taught the Exercise classes (Theoretical-Practical) of a one-semester course (30 hours) in Geometry and Linear
Algebra to over 60 first year students of Physics of the FCTUC, University of Coimbra.

e 26 May-9 June 2012: Invited minicourse in Symplectic and Poisson Geometry at the University of Ouargla,
Algeria.
I gave a minicourse (14 hours) of introduction to Symplectic and Poisson Geometry in the Premiére Ecole de
Géométrie, on invitation by the Rector of the Université Kasdi Merbah Ouargla. The invitation was aimed to
improve the research level of new and not new local researchers and to give advice for the reorganization and
the renewal of the undergraduate and Master’s courses.

e October 2006-February 2007: Exercise classes of Geometry, Polytechnic University of Bari, Italy.
Just after obtaining my PhD, I was contracted to teach exercise classes of a one-semester course (20 hours) in
Geometry and Linear Algebra to over one hundred first year civil engineering students of the Polytechnic of
Bari, Italy.

PROFESSIONAL MEMBERSHIPS, AWARDS AND HONORS

e Faculty member of the PhD program in Mathematics and Physics of the University of Salerno (2019-present)

o Referee of Research projects for postdoctoral applications for the Research Foundation - Flanders (Fonds Weten-
schappelijk Onderzoek - Viaanderen, FWO) (2018).

e Faculty member of the joint PhD program of the Universities of Coimbra and Porto, Portugal. (2010-2016)
As a faculty, I adviced PhD students in their Research and I gave periodical introductory seminars on selected
research topics aimed to PhD students.

o Referee for several international mathematical journals including

— Bulletin of the London Mathematical Society
— Illinois Journal of Mathematics

— Journal of Geometry and Physics

— Journal of Geometric Mechanics

— Journal of Topology

— Mediterranean Journal of Mathematics.

e Qualified for the position of Maitre de conférences in French universities (2013, N. de qualification 13225244133)
(2013).



Member of the GMC Research Network (Geometry, Mechanics and Control) (2009-present).
Reviewer for Mathematical Reviews (2006—present).
Reviewer for ZentralBlatt Math (2010-present).

Member of the Organizing Committee of the international conference Poisson 2020 (postponed to 2021), Salerno-
Napoli, Italy.

Member of the Organizing Committee of the workshop Contact and Poisson Geometry, Timisoara, Romania,
October 31-November 2, 2019.

Member of the Organizing Committee of the workshop Micro-Workshop on the Formal Theory of PDEs, Salerno,
Italy, November 6-10, 2017.

Main Organizer of the 6th International Young Researchers Workshop on Geometry, Mechanics and Control, Coimbra,
10-13 January 2012.

Member of the Organizing Committee of the Poisson Geometry and Application conference, Figueira da Foz,
Portugal, 13-16 June 2011.

Organizer of the CMUC monthly seminars in Geometry (2012-2016).
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