Curriculum vitae of Roberto Giambo

Contents
1__Personal details| 1
2 Present position| 1
3  Study and past positions| 2
4 Research activity| 2
4.1 Scientific publications| . . ... ... ... ... ... . ... L. 4
42 lalks and Lectures . ... ... ... .. ... ... .. ... .. ..... 8
4.3 Conference organization and editorial activity| . . . . . . ... ... 10
4.4 Students supervisorship| . . . . ... ... ... L 10
5 Teaching activity| 12
6 Other teaching and organizing activities| 13
1 Personal details

Born: March 11, 1972
Internet: http://www.cs.unicam.it/giambo

E-mail: roberto.giambo@unicam.it

Present position

Associate Professor in Mathematical Analysis at Camerino University, School of Science

and Technology, Section of Mathematics, since November 2006
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3 Study and past positions

1. Assistant Researcher in Mathematical Analysis at Camerino University, Department of

Mathematics and Computer Science, from September 2002 to October 2006.

2. Postdoctoral position at Department of Mathematics and Computer Science of Camerino
University, Research project title: Calculus of variation and nonholonomics constraints
with applications to control theory and general relativity, from December 2000 to Septem-

ber 2002;

3. Ph.D in Mathematics at Florence University, from 1995 to 2000. Final dissertation on
April 23, 2001. Thesis title: “Global variational methods on nonholonomic constraints”.

Research supervisor: Prof. Fabio Giannoni;

4. Graduate study position of the CNR, Italian National Research Council, from July to
November 1995;

5. ML.Sc. in Mathematics at Camerino University on June 15, 1995, cum laude. Thesis title:

“Connessioni dinamiche”. Thesis supervisor: Prof. Luigi Mangiarotti;

4 Research activity

e My main focus is on subjects from singularity theory in general relativity, starting from
Penrose’s Cosmic Censorship conjecture, which in rough words asserts that a singularity in
a physically acceptable spacetime must be safely hidden inside a black hole. The first work
was focussed to a rigorously analytical discussion of endstates for gravitational collapse
of Einstein field equation dust solutions [34]]. Starting from this well-known particular
case we have extended onto a wider class of solutions, showing for it naked singularity
existence in a non generic way [3T]35]]. Moreover, sufficient conditions for black hole
formation have been derived under very general assumptions [4I]]. A couple of reviews
written on the topic are [2425]. The study has been extended to consider existence of
non—radial geodesics from naked singularities [[20]], which is connected with the issue of
their global visibility, using a matching of these solutions with some particular generaliza-
tions of deSitter spacetime discussed in [37]], and the situation where gravity is coupled
with Maxwell electromagnetic tensor has been recently studied in [[I. A generalization
to the higher dimensional case has been studied to investigate dependance of naked

singularity existence on the spacetime dimension. The case of perfect fluid solutions has
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also been approached, stressing the link with a singular second order PDE of hyperbolic
type [26/30].

In addition my interest is also on homogeneous spacetimes where gravity is coupled to a
self-interacting scalar field [22]]. After a first approach to regular solutions with varia-
tional methods [[T9T8]], I have studied singular collapsing solutions under suitable condi-
tions on the potential in first [I5[12] and higher order [[T1]] gravity theory. In the latter case,
expanding cosmologies have been studied in [4]], where an energy transition result con-
jectured in a previous work by A. Rendall is rigorously proved by means of a dynamical

systems’ approach.

e Another active field of research with applications to general relativity concerns the study
of geometrical properties of semi—Riemannian manifolds. Here I dealt with the relativistic
gravitational lensing problem in General Relativity by bifurcation theory [29], that we used
for a result on solutions of the relativistic Lorentz force equation [[I7]. At the moment I
am dealing with generic properties of semi—-Riemannian geodesic flows — in it is
shown that the absence of degenerate light rays between source and observer is a generic
property in the set of stationary Lorentzian metrics on a manifold. In [[f]] another genericity
result is proven, concerning semi—Riemannian metrics of given index such that geodesics

satisfying suitable boundary conditions are nondegenerate.

e [ am studying also geodesics on Riemannian manifold. After a first work on manifolds with
non regular metrics (modeling light refraction) [33]], I started dealing with a project relating
brake orbits and homoclinics to the study of orthogonal geodesics chords on manifold
with regular and concave boundary [23]]. In [[5] we give a proof of the existence of an
orthogonal geodesic chord on a Riemannian manifold homeomorphic to a closed disk (and
with concave boundary). From this starting point, a multiplicity results for homoclinics in

the autonomous case and brake orbits for a class of Hamiltonian systems is proved [[3|[g]].

e My research activities cover as well topics from Control Theory [9[32I38]39[40[43] re-
lated with functionals on differentiable manifolds with non holonomic constraints. This
topic was developed in my PhD thesis [42]]. These ideas also fruitfully applies to cubic
[36]] (and higher order, [27]]) interpolation in a complete Riemannian manifold, where the
functional to be minimized depends on covariant derivatives of order higher than one of

the paths’velocity .

Recently, joint works with PhD students of Unicam led to some advances in the study of

fault diagnosis techiniques for linear sampled data systems and for a class of nonlinear
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systems [J2]].

e At an earlier stage I dealt with geometrical methods applied to dynamical systems, in my

4.1

10.

M.Sc. dissertation, in particular on Hamiltonian and Lagrangian system in classical and

relativistic mechanics, studied by means of jet spaces on differentiable manifolds [A4J43].

Scientific publications

. F Cipolletta, R. Giambo, Collapse of spherical charged anisotropic fluid spacetimes, Clas-

sical and Quantum Gravity, to appear

M. L. Corradini, A. Cristofaro, R. Giambo and S. Pettinari, Design of robust fault detection
filters for MIMO uncertain plants with quantised information, International Journal of

Control, 85 (2012) 239

. R. Giambo, F. Giannoni and P. Piccione, Multiple Brake Orbits and Homoclinics in Rie-

mannian Manifolds, Archive for Rational Mechanics and Analysis, 200 (2011) 691

R. Giambo, J. Miritzis, Energy exchange for homogeneous and isotropic universes with a

scalar field coupled to matter, Classical and Quantum Gravity, 27 (2010) 095003

. R. Giambo, F. Giannoni, P. Piccione, Existence of orthogonal geodesic chords on Rie-

mannian manifolds with concave boundary and homeomorphic to the N-dimensional disk,

Nonlinear Analysis Series A: Theory, Methods and Applications, 73(2) 290-337 (2010)

R. Bettiol and R. Giambo, Genericity of nondegenerate geodesics with general boundary

conditions, Topological Methods in Nonlinear Analysis, 35(2) 339-365 (2010)

R. Giambo and M. A. Javaloyes, Addendum to “Genericity of nondegeneracy for light rays

in stationary spacetimes”, Communications in Mathematical Physics, 295 289 (2010)

. R. Giambo, F. Giannoni, P. Piccione, On the multiplicity of orthogonal geodesics in Rie-

mannian manifold with concave boundary. Applications to brake orbits and homoclinics,

Advanced Nonlinear Studies 9(4) 763 (2009)

R. Giambo, F. Giannoni, A. Masiello, Functional regularity properties for light rays in
General Relativity, Journal of Mathematical Physics, 50 072501 (2009)

R. Giambo, F. Giannoni, P. Piccione, Genericity of nondegeneracy for light rays in station-

ary spacetimes, Communications in Mathematical Physics, 287 903 (2009)
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

R. Giambo, Gravitational Collapse of Homogeneous Perfect Fluids in Higher-order Grav-
ity Theories, Journal of Mathematical Physics, 50 012501 (2009)

R. Giambo, A. Stimilli, Singularity formation in General Relativistic Dynamics of homo-

geneous scalar fields, Journal of Geometry and Physics, 59 400-408 (2009)

R. Giambo, F. Giannoni, G. Magli, The dynamical behavior of homogeneous scalar-field

spacetimes with general self-interaction potentials, General Relativity and Gravitation,

41 2130 (2009)

R. Giambo, S. Quintavalle, The dimensional dependence of naked singularity formation in

spherical gravitational collapse, Classical and Quantum Gravity, 25 145003 (2008)

R. Giambo, F. Giannoni, G. Magli, Genericity of blackhole formation in the gravitational
collapse of homogeneous self-interacting scalar fields, Journal of Mathematical Physics,
49 042504 (2008)

R. Giambo, V. Girolimetti, Generalized symplectic Cayley transforms and a higher order
formula for the Conley—Zehnder index of symplectic paths, Nonlinear Analysis Series A:
Theory, Methods and Applications, 68(12) 3601-3608 (2008)

R. Giambo, M. A. Javaloyes, A second order variational principle for the Lorentz force
equation: conjugacy and bifurcation, Proceedings of the Royal Society of Edinburgh.
Section A. Mathematics, 137 923-936 (2007)

R. Giambo, F. Giannoni, P. Piccione, On the Least Action Principle — Hamiltonian Dy-
namics on fixed energy levels in the non—convex case, Advanced Nonlinear Studies, 6(2)
255-268, (2006)

R. Giambo, F. Giannoni, G. Magli, A variational approach to Robertson—Walker space-
times with homogeneous scalar fields, Journal of Mathematical Physics, 47 112505
(2006)

R. Giambo, Global visibility of naked singularities, Journal of Mathematical Physics
(2006) 47 022501

R. Giambo, F. Giannoni, P. Piccione, On the multiplicity of brake orbits and homoclinics
in Riemannian manifolds, Rendiconti Lincei: Matematica e Applicazioni, 9(16) (2005)

2,73-85
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

R. Giambo, Gravitational collapse of homogeneous scalar fields, Classical and Quantum

Gravity, 22 (2005) 2295-2305

R. Giambo, F. Giannoni, P. Piccione, Orthogonal Geodesic Chords, Brake Orbits and
Homoclinic Orbits in Riemannian Manifolds, Advances in Differential Equations, 10

(2005) 931-960

R. Giambo, The geometry of gravitational collapse, Matematica Contemporanea, 28
151-162, 2005

R. Giambo, G. Magli, Buchi neri e singolarita nude, Bollettino UMI, VIII-A (Apr. 2005),
37-50

R. Giambo, F. Giannoni, G. Magli, P. Piccione, Naked singularity formation in gravita-
tional collapse of barotropic spherical fluids, General Relativity and Gravitation, 36(6)
(2004) 1279-1298;

R. Giambo, F. Giannoni, P. Piccione, Optimal control on Riemannian manifolds by inter-

polation, Mathematics of Control, Signals, and Systems, 16(4) (2004) 278-296

R. Giambo, P. Piccione, A. Portaluri, Computation of the Maslov index and the spectral
flow via partial signatures, Comptes Rendus Mathématique. Académie des Sciences.
Paris, 338(5) (2004) 397-402;

R. Giambo, F. Giannoni, P. Piccione, Gravitational Lensing in General Relativity via Bi-

furcation Theory, Nonlinearity (2004) 17 117-132;

R. Giambo, F. Giannoni, G. Magli, P. Piccione, Naked singularities formation in perfect

fluids collapse, Classical and Quantum Gravity, 20 (2003) 4943-4948;

R. Giambo, F. Giannoni, G. Magli, P. Piccione, New solutions of Einstein equations in
spherical symmetry: the Cosmic Censor to the court, Communications in Mathematical

Physics, 235(3) (2003) 545-563;

R. Giambo, F. Giannoni, P. Piccione, D. Tausk, Morse Theory for Normal Geodesics in
sub-Riemannian Manifolds with Codimension One Distributions, Topological Methods
in Nonlinear Analysis, 21(2) (2003) 273-291;

R. Giambo, F. Giannoni, Minimal geodesics on manifolds with discontinuous metrics,

Journal of the London Mathematical Society, 67 (2003) 527-544;
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

R. Giambo, G. Magli, Naked singularities in dust collapse as an existence problem for
O.D.E. at a singular point, Differential Geometry and its Applications, 18(3) (2003)
285-293;

R. Giambo, F. Giannoni, G. Magli, P. Piccione, New mathematical framework for spherical

gravitational collapse, Classical and Quantum Gravity, 20 (2003) L75-1.82;

R. Giambo, F. Giannoni, P. Piccione, An Analytical Theory for Riemannian Cubic Poly-

nomials, IMA Journal of Mathematical Control and Information, 19 (2002) 445-460;

R. Giambo, Anisotropic generalizations of de Sitter spacetime, Classical and Quantum

Gravity, 19 (2002) 4399-4404;

R. Giambo, F. Giannoni, Global variational methods on smooth nonholonomic constraints,

Journal des Mathématiques Pures et Appliquées, 81 (2002) 1011-1052;

R. Giambo, Global variational methods on a class of non—smooth nonholonomic systems,

Nonlinear Analysis — Real World Application, 3 (2002) 431-452;

R. Giambo, F. Giannoni, P. Piccione, Existence, multiplicity and regularity for sub-Rie-
mannian geodesics by variational methods, SIAM Journal on Control and Optimization,
40 (2002) 1840-1857,

R. Giambo, F. Giannoni, G. Magli, Sufficient condition for Blackhole formation in spheri-

cal gravitational collapse, Classical and Quantum Gravity, 19 (2002) L1-L5;

R. Giambo, Metodi variazionali globali su vincoli non olonomi, Bollettino U.M.I ’La

Matematica nella Societa e nella Cultura’, VIII (Vol. IV-A) (2001) 455-458

R. Giambo, F. Giannoni, The brachistochrone problem with frictional forces, ESAIM —
Control, Optimisation and Calculus of Variations, 5 (2000) 187-206;

R. Giambo, L. Mangiarotti and G. Sardanashvily, Relativistic and non-relativistic geodesic

equations, Il Nuovo Cimento, 114B (1999) 749-766;

G. Giachetta, R. Giambo and L. Mangiarotti, Conservation laws in metric-affine gravitation
theories: superpotentials, Il Nuovo Cimento, 112B (1997) 1163-1174.
e Monographs

A. Giambo, R. Giambo, Matematica pre—universitaria: storia e didattica, Pitagora Ed-

itrice, Bologna, 2005;



Roberto Giambo curriculum vitae 8

47. A. Giambo, R. Giambo, Matematica per le scuole superiori, Armando Editore, Roma,

(vol. 1-2: 2009, vol. 3-5 to appear)

e Proceedings acts

1. M. L. Corradini, A. Cristofaro, R. Giambo and S. Pettinari, A Lyapunov-based diagno-

4.2

sis signal for fault detection robust tracking problem of a class of sampled-data systems,

Proceedings of the IEEE Conference on Decision and Control (2011) 6161285

. M. L. Corradini, A. Cristofaro, R. Giambo and S. Pettinari, Robust fault detection filters

for a class of MIMO uncertain sampled-data systems, Proceedings of SysTol — Conference

on Control and Fault-Tolerant Systems (2010) 5676010

. J. Miritzis and R. Giambo, Expanding universes in the conformal frame of f(R) gravity,

AIP Conference Proceedings 1241 (2010) 1061

. R. Giambo, F.Giannoni and G. Magli, Scalar—field cosmological and collapse models with

general self-interaction potentials, Recent Developments in Gravity (NEB XIII), Journal
of Physics: Conference Series 189 (2009) 012017

. R. Giambo, Naked singularity existence for an acceleration free solution of Einstein’s

equations, Recent Developments in Gravitational Physics: Proceedings of the 15

SIGRAYV Conference on General Relativity and Gravitational Physics, 2006;

R. Giambo, An analytical theory for optimal controls on Riemannian manifolds, Proceed-
ings of the 2" Junior Meeting on Control Theory and Stabilization, Rendiconti del

Seminario Matematico dell’Universita e del Politecnico di Torino, 63 4, 2005

. R. Giambo, Metodi non lineari per lo studio del collasso gravitazionale, XVII Congresso

UMI - Conferenze e comunicazioni, (2003) (solo abstract);

. R. Giambo, Existence, multiplicity and regularity for sub-Riemannian geodesics by vari-

ational methods, Proceedings of the 41°° IEEE Conference on Decision and Control
(2002), 1926-1931.

Talks and Lectures

. Napoli, XX Sigrav Conference, 26/10/2012, Scalar field gravitational collapse: the long

story of a controversial issue in cosmic censorship (invited lecture);
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2. Granada (Spain), VI International Meeting on Lorentzian Geometry, 06/09/2011, The

geometry of collapsing isotropic fluids;

3. Martina Franca (TA), V International Meeting on Lorentzian Geometry, 09/07/2009, A

Genericity problem in Lorentzian Geometry;

4. Rende (CZ), 18th SIGRAV Conference on General Relativity and Gravitational Physics,
25/09/2008, Cosmic Censorship Conjecture: still puzzling after 40 years (invited lecture);

5. Thessaloniki (Greece), XIII Conference on Recent Developments in Gravity, 5/6/2008,

Black hole formation in scalar field collapse;

6. Milano, II Workshop on Dynamics and Thermodynamics of Black Holes and Naked Sin-
gularities, 12/5/2007, Cosmological and gravitational collapse models with scalar field

sources (invited lecture);

7. Santiago (Espaiia), IV International Meeting on Lorentzian Geometry, 6/2/2007, A Varia-

tional Approach to Robertson-Walker Spacetimes with Homogeneous Scalar Fields;

8. Torino, 17th SIGRAV Conference on General Relativity and Gravitational Physics, 6/9/2006,
Existence of solutions for homogeneous scalar fields in GR: a calculus of variations ap-

proach;

9. Sao Paulo (Brazil), XIII Escola de Geometria Diferencial, 27/7/2004, The geometry of

gravitational collapse;

10. Torino, 2" Junior Meeting on Control Theory and Stabilization, 3/12/2003, An analytical

theory for interpolation in Riemannian manifolds;

11. Brescia, Workshop "Topological Methods in the Calculus of Variations and Dynamical
Systems”, 19/9/2003, Perfect fluid models for spherical gravitational collapse (invited lec-

ture);

12. Milano, XVII Convegno UMI, 8/9/2003, Metodi nonlineari per lo studio del collasso

gravitazionale;

13. Las Vegas (Nevada, USA), 41%" IEEE Conference on Decision and Control, 11/12/2002,
Existence, Multiplicity and Regularity for sub-Riemannian Geodesics by Variational Meth-

ods (invited lecture);
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14. Martina Franca (TA), International workshop ”Calculus of Variations in Nonlinear Phe-
nomena’, 26/9/2002, New solutions of Einstein field equations: the Cosmic Censor to the

court;

15. Monte Porzio Catone (Roma), 15th SIGRAV Conference on General Relativity and Grav-
itational Physics, 10/9/2002, Naked singularity for an acceleration free solution of Einstein

equation e Anisotropic generalizations of de Sitter spacetime;

16. Sammomme (PT), Convegno nazionale del gruppo "Metodi variazionali ed equazioni dif-
ferenziali”, 10/4/2001, Metodi variazionali globali su vincoli non olonomi (invited lec-

ture);

17. Milano, Politecnico, 15/3/2001, Metodi variazionali globali su vincoli non olonomi (in-

vited lecture).

4.3 Conference organization and editorial activity

1. Session organizer, Dynamics and Thermodynamics of Blackholes and Naked Singulari-

ties workshop (Milan, May 12-15, 2004);
2. Reviewer for AMS Mathematical Reviews, since 2002;

3. Referee for many international scientific journals in the fields of Mathematical Analysis

and General Relativity.

4.4 Students supervisorship

e PhD students

— Sara Quintavalle, Critical phenomena in spherical gravitational collapse, co-supervisorship

with F. Giannoni (2011)

— Silvia Pettinari, Fault Diagnosis Techniques for Linear Sampled Data Systems and a

Class of Nonlinear Systems, co-supervisorship with M. L. Corradini (2012)
e Graduate students

— Master’s degree
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9.

. Josephin Giacomini, Causal characterization of relativistic singularities, a.y.

2011-2012

. Federico Cipolletta, Avoidance of singularities for charged collapsing solutions

in spherical symmetry, a.y. 2011-2012

. Roberto Pierini, Loop Quantum Cosmology, a.y. 2009-2010

. Elisa Giacomelli The final fate of the inhomogeneous scalar field gravitational

collapse, a.y. 2009-2010

. Andrea Stimilli, Causal structure of collapsing spacetimes in spherical symme-

try, a.y. 2009-2010

. Raffaello Ponzelli, Modelli cosmologici per teorie gravitazionali non lineari, a.y.

2008-2009

Silvia Pettinari, Dinamica dei modelli cosmologici con sorgente di campo scalare,

a.y. 2007-2008

Sara Quintavalle, Collasso Gravitazionale Relativistico in dimensioni superiori,

a.y. 2006-2007
Clarissa Paolini, Modelli regolari di Universo, a.y. 2002 2003

— Bachelor’s degree

1.

N o s

Giorgio Scattolini, Condizioni di regolarit per uno spaziotempo sferico, a.y.

2011-2012

. Andrea Serafini, Un approccio integrale alle funzioni esponenziali e trigonomet-

riche, a.y. 2010-2011. A short version has been published as:

R. Giambo, A. Serafini, Ripensare la trigonometria con gli integrali, Archimede,

3(2012) 115

. Valentina Meschini, Facciamo i conti con I’AIDS: le equazioni differenziali per

lo studio delle malattie infettive, a.y 2010-2011

Mauro Bacaloni, Le equazioni differenziali in Biologia, a.y. 2009-2010
Claudia Vannucchi, Le costanti matematiche e il Calculus, a.y. 2009-2010
Elisa Giacomelli, La matematica degli strumenti musicali, a.y. 2007-2008

Andrea Stimilli, Analisi qualitativa di soluzioni delle equazioni di Einstein , a.y.

2006-2007

. Giada Marini, Studio del collasso gravitazionale per una soluzione delle equazioni

di Einstein, a.y. 2002 2003
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9. Laura Gentili, Modelli semplificati di prove di crash, a.y. 2002 2003 (co—supervisor)

10. Gloria Bratti, Studio preliminare della struttura sandwich, a.y. 2002 2003 (co—

supervisor),

11. Giorgia Giacani, Costruzione di un modello matematico per la descrizione di un

sistema fisico assegnato, a.y. 2001 2002 (co—supervisor)

S Teaching activity
Taught courses at Camerino University for Mathematics and Physics students:

1. Academic years 2011-2012 and 2012-2013
Analisi Matematica 2 (78 hours of classes)

Relativita Generale (42 hs)

2. Academic years 2008-2009, 2009-2010 and 2010-2011
Mathematics basics short course for Mathematics and Physics freshmen (15 hs)
Analisi Matematica 1 (63 hs)

Analisi Superiore (42 hs)

3. Academic year 2007-2008
Analisi Matematica 1 (96 hs)

Analisi Superiore (40 hs)

4. Academic year 2006-2007
Calcolo in piu variabili (40 hs)
Equazioni Differenziali Ordinarie (40 hs)

Analisi Superiore (40 hs)

5. Academic year 2005-2006
Calcolo in piu variabili (40 hs)
Equazioni Differenziali Ordinarie (40 hs)

Analisi Superiore (40 hs)
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6.

10.

11.

12.

Academic year 2004-2005
Elementi di Analisi (50 hs)
Calcolo Differenziale e Integrale (40 hs)

Analisi Superiore (40 hs)

. Academic year 2003-2004

Elementi di Analisi (50 hs)
Calcolo Differenziale e Integrale (40 hs)

Equazioni Differenziali alle Derivate Parziali (40 hs)

. Academic year 2002-2003

Calcolo Differenziale e Integrale (40 hs)
Equazioni Differenziali alle Derivate Parziali (40 hs)

Biomatematica (20 hs)

Academic year 2001-2002

Lectures in Calcolo in piu variabili and Equazioni Differenziali Ordinarie courses

Academic year 2000-2001

Teoria delle Funzioni (36 hs)

Lectures in Elementi di Analisi and Calcolo Differenziale Integrale courses

Academic year 1999-2000

Mathematics basics course (30 hs) for freshmen of Science faculty

Lectures in Geometria II (36 hs)

Academic year 1998-1999

Lectures in Istituzioni di Fisica Matematica course

6 Other teaching and organizing activities

13

1. Camerino University responsible for web content management and communication,

2004-2011
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2. Co-Organizing Camerino University Science Faculty lectures Immagini della Scienza e

della Tecnologia, 2002-2004
3. Content management of Camerino University Science Faculty website, 2003-2004
4. Co-Organizing Stages in UNICAM for high—school students, 2002—-2004

5. Expository talks Come muore una stella, for high—school students at Liceo Scientifico di

Camerino, and Liceo Scientifico di Macerata, 2003-2005

6. Co-Organizing Stages for students participating at Mathematics Olympiads, 2000-2004

Updated version of this cv available on line on my personal page

http://docenti.unicam.it
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