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Part 1. The abstract of the project
This project focuses on nontrivial solutions of systems of differential equations characterized by strongly
nonlinear interactions. In our cases, the configuration space is typically multi-dimensional or even infinitedimensional, and we are interested in the effect of the nonlinearities on the emergence of non trivial self-organized
structures. Such patterns correspond to selected solutions of the differential system possessing special symmetries or shadowing particular shapes. We want to understand, from the mathematical point of view, what
are the main mechanisms involved in the aggregation process in terms of the global variational structure of
the problem. Therefore we will consider cases where (a) the interaction becomes the prevailing mechanism,
(b) the equations are very far from being solved explicitly, and (c) the problems can not be seen in any extent
as perturbations of simpler (e.g. integrable) systems. Following this common thread, we deal with
• attractive interactions: as in the classical N -body problem of Celestial Mechanics, where the balance between attraction and centrifugal effects produces solutions showing complex patterns. More precisely, we are interested in periodic and bounded solutions and parabolic trajectories with the final intent
of proving density of periodic solutions and the occurrence of chaos. This will be achieved through
the intermediate, but still fundamental, goal of detecting the presence of symbolic dynamics, through
the study of symmetric and complex periodic solutions and theire Morse indices. The classification
of periodic solutions will be related, through the ζ-function and the trace formula, to the spectrum of
the assocuated Schrödinger operator.
• repulsive interactions: as in competition-diffusion systems, where pattern formation is driven by strongly
repulsive forces. Our ultimate goal is to capture the geometry and analysis of the phase segregation, including its asymptotic aspects and the classification the solutions of the related PDE’s. We
deal with elliptic, parabolic and hyperbolic systems of differential equations with strongly competing interaction terms, modeling both the dynamics of competing populations (Lotka-Volterra systems)
and other relevant physical phenomena, among which the phase segregation of solitary waves of
Gross-Pitaevskiǐ systems arising in the study of multicomponent Bose-Einstein condensates.
Below, we give a pictorial idea of the emergence of nontrivial patterns, in the two paradigmatic
cases of the twenty four body problem with equal masses and five competing species sharing the
same territory. Note that both solutions are energy minimizers in suitable spaces .

This proposal aims at approaching all these different problems with the same basic methodology which
relies on the common variational structure of these problems. There is a remarkable unity in methodology across
the different parts of the project. Our mosaic tiles are:
• Asymptotic analysis. The study of the effect of singularities (or singular limits) on the profiles of
the solution shows striking similarities between classical and quantum systems and free boundary
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problems, and it draws, in the essential points, the most crucial elements of the classical theory of
minimal surfaces. The monotonicity formulæ, adjusted for the different cases, the blow-up analysis, the
classification of the limiting (conic) solutions equivariant by dialation, along with the appropriate tools
of dimensional reduction, underpin the asymptotic analysis of solutions.
• Entire solutions. Equilibrium configurations, of course, play a fundamental role. Other simple,
yet nontrivial, patterns also appear naturally as symmetric extremals of the associated energies. Gequivariant Morse Theory is the key tool for this exploration. On the other hand, entire solutions also
carry transitions from one configuration to another: this is the case of parabolic trajectories in Celestial
Mechanics and entire solutions of competition-diffusion systems. Entire solutions also heavily enter
in the blow-up analysis, as they represent the limiting profiles in some scaling process.
• Gluing techniques. Having gathered different types of elementary solutions, the next step consists
of gluing them to build more complex patterns. Gluing can be done, once more, using global variational
techniques, or other methods. This can be done, e.g., by the broken geodesics argument, in the case
of trajectories of Classical and Quantum Mechanics, or by other types of reductions, e.g. by solving
optimal partition problems, as in the case of competition-diffusion systems.
A feature of this project rests in the interchange of attack strategies between the field of Hamiltonian systems in finite dimension and that of partial differential equations and systems in infinite dimension. On the
other hand, the issues must be addressed in interdisciplinary spirit and require expertise in several fields of
mathematics: Calculus of Variations, Equivariant Topology, Morse and Critical Point theory, qualitative and
regularity theory for elliptic, parabolic and hyperbolic PDE’s and free boundary problems. When needed,
we also intend to address the problems with the aid of numerical and computer assisted methods. The team
is designed in order to largely supply all these expertises and to be able to collaborate in an effective way also
with other experts.
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Part 2. B1 - The Principal Investigator
Major scientific contributions.
• Collisionless periodic solutions to some three-body problems. Arch. Rational Mech. Anal. 120 (1992), no. 4,
305–325 with Enrico Serra
• On the existence of infinitely many periodic solutions to some problems of n-body type, Comm. Pure Appl.Math.
48 (1995), no. 4, 449–470, with Pietro Majer
In the first paper, we proved that action minimizing solution avoid unnecessary collisions and that their
Morse index is be affected positively by the interactions with the singularities. With this, we have been
able to prove the absence of collisions for minimizing periodic trajectories for minimals of the action on the space
of anti periodic paths. In the second, we introduced a new topological index of complexity, the collision
index. This tool has showed to be particularly suitable for the computation of the Lusternik-Schnirelmann
category and enabled us to compute the topological balance needed to compensate a lack of compactness
due to the vanishing at infinity of the interaction forces. With this, we have established the existence of an
infinite sequence of critical levels of the action functional, under a strong force assumption, by an appropriate
extension of Morse theory on manifolds with repelling boundaries. The novelty and relevance of the collision
index was recognized by the algebraic topologists E. Fadell and S. Husseini who named it the Majer-Terracini
topological index in their book about the geometry and topology of configuration spaces.
These two works are the starting points for the subsequent researches on the variational approach to the
periodic N -body problem. As a major contribution, in the article
• On the Existence of Collisionless Equivariant Minimizers for the Classical n-body Problem, Invent. Math.
155 (2004), no. 2, 305-362 , with Davide L. Ferrario
(featured review on mathscinet), we have described not only a general method to construct equivariant
loops spaces suitable for a least action principle with symmetries, but also a property (the Rotating Circle
Property) that ensures that minimal trajectories are collision-free (partial or total collisions). These paper are
related with the ones by A. Chenciner and R. Montgomery, Ch. Marchal, and have inspired the research of
many young mathematicians, including, among others, Kuo-Chang Chen, D.L. Ferrario, M. Shibayama, A.
Venturelli, V. Barutello, G. Gronchi, S.Q Zhang. I have advised two doctoral thesis (Barutello, Castelli) on
this topic. The 3-body problem in two and three space dimensions is the object of
• Symmetry groups of the planar three-body problems and action-minimizing trajectories, Arch. Rational Mech.
Anal. 190 (2008), 189-226 with Vivina Barutello and Davide L. Ferrario,
where we have obtained an exhaustive classification of all the possible symmetries and we have proved that
all equivariant minimizers are collision-free. As well known, the N -centre problem is a simplified, still highly
nontrivial, model for the general N -body one; in the recent paper
• Symbolic Dynamics for the N -centre problem at negative energies, DCDS-A 32 (2012), 3201–3345, with
Nicola Soave
we have proved the existence of infinitely many periodic solutions and of a symbolic dynamics at negative energies. This result is a first step towards proving density of periodic points in the phase space (one
famous Poincaré conjecture). A central role in the construction is played by the parabolic trajectories, connecting two different configurations at infinity. A systematic study of minimal (in the sense of Morse) parabolic
trajectories has been undertaken in recent papers in collaboration with V. Barutello and G. Verzini.
• On positive entire solutions to a class of equations with a singular coefficient and critical exponent. Adv.
Differential Equations 1 (1996), no. 2, 241–264
I have given the full classification of solutions in the case of attractive, radially symmetric potential. This
result was established by means of an enhanced version of the moving plane method, shaped to apply to
such singular operators and to singular solutions. The strenght and novelty of the method, which extends
also to singular solutions, has beeen recently recongized by Caffarelli, Li and Nirenberg. In the same paper,
the existence of families of Zk -symmetric solutions for strongly repulsive potentials was proved, showing
the occurrence of symmetry breaking. Later on, we suceeded in extending the results to the case of many
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singularities (cfr. [FT]). This is considered a reference paper in the field and has gathered more than 150
citations. It has inspired several works by young mathematicians e.g. D. Smets, V. Felli, M. Schneider, B.
Adellaoui, M. Fall, J. Chen, M. Rolando and M. Gazzini. I have directed the PhD thesis of L. Abatangelo on
the similar magnetic critical equation.
• A variational problem for the spatial segregation of reaction–diffusion systems, Indiana Univ. Math. J. 54
(2005), no. 3, 779–815, with Monica Conti and Gianmaria Verzini
These two papers have been the starting point of rich line of research, involving many mathematicians.
I have published papers on this subject within different collaborative teams, including also international
scientists like B. Helffer, Th. Hoffmann-Ostenhof, H. Berestycki, Jungchen Wei Tobias Weth. Our works
have inspired works by young mathematicians, e.g. Z. Wang and Z. Zhang, F. Bozorgnia, G. Berkolaiko, V.
Bonnaillie-Noël, G. Vial, J. Royo-Letellier, and are related with works by L. Caffarelli and F. Lin and N. E.
Dancer and collaborators. I have directed three PhD theses (Verzini, Noris, Tavares) on these topics.
We dealt with a class of segregated states, involving an arbitrary number of competing densities, which are minimizers of the sum of the internal energies subject to all segregated states. We proved existence and uniqueness
results and we established regularity for both the minimizers and their nodal sets. This is the starting point for the
subsequent developments.
A major connected problem concerns the asymptotics of highly competing reaction diffusion systems to the
segregated limiting profile [CTV,NTTV1]. In
• A Uniform Hölder bounds for nonlinear Schrödinger systems with strong competition, Comm. Pure Appl.
Math. 63 (2010), 267-302, with Benedetta Noris, Hugo Tavares and Gianmaria Verzini
we obtained optimal bounds in Hölder spaces, both for the systems featuring Lotka-Volterra interactions
and for the ground and excited states of systems of Gross-Pitaevskiǐ equations. In addition, we succeeded in
proving that, regardless of their minimizing properties, the limiting profiles share the same properties as the
nodal set of the eigenfunctions of Schrödinger operators: they are regular up to a low dimensional singular set.
Surprisingly enough, we found the validity of a reflection law for the component’s gradients at the interface,
which represents the equilibrium condition [TT]. The determination of such equilibrium conditions and the
ultimate notion of critical segregate configuration is one of the main conceptual difficulties we addressed in
[NTTV2]. Of course, it can be linked with Gamma-convergence and, to some extent, with non smooth critical
point theory. In the case of only two components, we conjectured that criticality can always be expressed
by means of a single equation for the difference of the two components. This conjecture has finally been
proved in the paper by E. Dancer, K. Wang and Z. Zhang, The limit equation for the Gross-Pitaevskiǐ equations
and S. Terracini’s conjecture, JFA (2012). Segregated critical configurations always determine a partition of the
domain. In a series of joint papers with B. Helffer and Th. Hoffmann-Ostenhof we have investigated the link
between minimal spectral partitions and the spectrum of the associated operator.
• On Spectral Minimal Partitions: the Case of the Sphere, Ari Lapted ed., International Mathematical Series.
Vol. 13, Springer, 2010, with Bernard Helffer and Thomas Hoffmann-Ostenhof
In the case of an eigenvalue, the variational properties of the nodal partition associated with an eigenfunction
show deep connections with the number of nodal domains. In this paper, we linked the minimizing property
of the nodal partition to that of the eigenfunction being sharp with respect to the Courant’s nodal Theorem.
Here is the statement, which can be read as a converse of Courant’s nodal theorem: the k-th eigenfunction has
k nodal domains if and only if they form an optimal spectral partition.
Curriculum Vitae
Born on April 29, 1963, married, one child.
webpage, complete CV and list of papers: https://sites.google.com/site/susannaterracini/CV
Education. 1990 Ph.D. in Functional Analysis, S.I.S.S.A. Trieste, advisor Prof. I. Ekeland
1988 Master degree in Functional Analysis, S.I.S.S.A. Trieste, advisor Prof. S. Solimini
1986 Degree in Mathematics, University of Torino, advisor Prof. F. Skof,
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Current and past positions. 2015 November 25th, Member of the Executive Board of ANVUR (Agenzia Nazionale
per la Valutazione dell’Università e la Ricerca)
2012 Full professor, Department of Mathematics “G. Peano”, University of Torino
2001 Full professor, Department of Mathematics, University of Milano-Bicocca
1992 Associate professor, Department of Mathematics, Politecnico of Milano
1990 Ricercatore (Tenured Assistant Professor) in Mathematical Analysis, Politecnico of Milano
Awards and academy memberships. 2003 Calogero Vinti prize for Mathematics, 2002, (Unione Matematica Italiana)
2007 Bruno Finzi prize for Rational Mechanics, 2007, (Istituto Lombardo di scienze e lettere)
2009 Membro corrispondente, Istituto Lombardo di Scienze e Lettere.
Academic Services. 2002- now: member of the committee of the PhD school in Pure and Applied Mathematics,
Univeristy of Milano-Bicocca
2002- now: vice-chairman of the Department of Mathematics, University of Milano-Bicocca.
Research projects: funding ID. 1998-08 Leader of the Milano research unit of the Project of National Interest
“Variational Methods and nonlinear differential equations” (national leader: Antonio Ambrosetti). The research unit consists of 3 full professors, 3 associate professor, 4 researchers, 2 post-docs and 5 PhD students,
from Universities of Milano and Milano-Bicocca and Torino, Politecnico of Milano and Torino.
2001-11 Leader of the research unit “Calculus of Variations and Differential Equations”, University of MilanoBicocca. The research unit consists of 2 full professors, 5 junior research positions, 4 post-docs and 5 PhD
students, from University Milano-Bicocca.
2005-12 Member of the GREFI-MEFI program (Gruppo di Ricerca Europeo Franco-Italiano: Matemathics and
Physics).
2007-08 Principal investigator of the GNAMPA project “Esistenza e stabilità di onde solitarie per equazioni
differenziali non lineari”
2011-13 Scientific Coordinator of the Research Project of National Interest Critical Point Theory and Perturbative
Methods for Nonlinear Differential Equations in the PRIN program funded by the Italian Ministry for Education,
University, and Research (¤120.000,00 for 30 participants in four local units for 2 years). Leader of the MilanoBicocca reasearch unit.
2014-16 Scientific Coordinator of the Research Project of National Interest Variational and perturbative aspects
of nonlinear differential problems in the PRIN program funded by the Italian Ministry for Education, University,
and Research (¤340.000,00 for 58 participants in eight local units for 3 years). Leader of the Turin University
reasearch unit.
There is and there will be no funding overlap with the ERC grant requested and any other source of funding for the same
activities and costs that are foreseen in this project.
Jury member abroad. Jury member of the Doctoral thesis of Andrea Venturelli (2004, University of Paris VII),
jury member of the Agregaçao (professorship habilitation) of Miguel Ramos (2003, Universidade de Lisboa), jury member (examinateur) of the Habilitation à Diriger des Recherches (professorship habilitation) of
Jacques Féjoz (2011, University of Paris VII).
Evaluation panels. Member of the AERES evaluation panel of the Mathematics Departments of Universities
of Marne-la-Vallée-Créteil (2009), member of the evaluation panel of the Mathematics and Information Technology of the University of Uppsala (Sweden), 2011.
PhD theses (selected). 1994-98 Filippo Gazzola (now full professor, Politecnico di Milano), Orbite periodiche in
sistemi di moti periodici in catene di infinite particelle. co-advised with G. Prouse
1995-99 Monica Conti (now associate professor, Politecnico di Milano), Existence, non existence and multiplicity
methods for elliptic systems.
1996-00 Gianmaria Verzini (now tenured assistant professor, Politecnico di Milano), Oscillating solutions to
differential equations via the Nehari method.
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2002-04 Vivina Barutello (now tenured assistant professor, Università di Torino), On the n-body problem.
2005-09 Benedetta Noris, (now Marie Curie post-doc fellow, Université de Versailles), On nonlinear Schrödinger
systems with strong competition.
2006-10 Hugo Tavares, (now Profesor auxiliar, Universidade de Lisboa), Nonlinear elliptic systems with a variational structure: existence, asymptotics and other qualitative properties. (jointly with Miguel Ramos)
2007-11 Laura Abatangelo (now post-doc, University of Milano-Bicocca), Multiplicity of solutions to elliptic
equations.
I am currently supervising three PhD theses: Manon Nys (jointly with D. Bonheure), Nicola Soave (jointly
with A. Farina), and Alessandro Zilio (jointly with G. Verzini).
Post-doc mentoring. 2000-02 Davide L. Ferrario (now associate professor, University of Milano-Bicocca); 200001 Gianmaria Verzini (now tenured assistant professor, Politecnico di Milano); 2002-03 Andrea Venturelli
(now maître de conference, Université d’Avignon); 2003-06 Veronica Felli (now associate professor, University of Milano-Bicocca); 2004-07 Vivina Barutello (now tenured assistant professor, University of Torino);
2008-10 Ana Primo Ramos (now post-doc, ICMAT Institute for the Mathematical Sciences, Madrid); 2010-12
Benedetta Noris (now Marie-Curie post-doc at the University of Versailles); 2011-12 Laura Abatangelo (now
post-doc at the University of Milano-Bicocca); I am currently supervising four post-doc (Corentin Léna, Dario
Mazzoleni, Manon Nys, Christos Sourdis) at the University of Turin.
Visiting positions (one month or more). - Centro de Matematica e Applicaçoes Fundamentais, Lisboa, June 1992,
May 1994;
- Courant Insitute for Mathematical Sciences, New York University, USA: November 1992- April 1993,
- CEREMADE, Université de Paris IX, May 1993, September 1996, March 1998, January-February 2004; February 2005; February 2007.
- Department of Mathematics, University of Southern California, USA: September-December 1994,
- Departimento di Matematica, University of Evora, Portugal, June 1996,
- Rutgers University, September 1998,
- Observatoire Astronomique de Paris, Bureaux de Longitudes, May 2000 and March 2001, February 2005
- MSRI Visiting member, April 2011
Editorial work. Editor-in-chief of UMI Lecture Notes in Mathematics. Member of the editorial committee of
NOdEA: Nonlinear Differential Equations and Applications, member of the editorial board of Encyclopedia of Mathematics (Springer-EMS), Discrete and Continuous Dynamical Systems - B, Advanced Nonlinear Studies, Advances
in Nonlinear Analysis, Differential and Integral Equations, Abstract and Applied Analysis, Bollettino dell’Unione
Matematica Italiana, Portugaliæ Mathematica, Functiones et Approximatio.
10-Year-Track-Record
Papers. [FT] D.L. Ferrario and S. Terracini, On the Existence of Collisionless Equivariant Minimizers for the Classical n-body Problem, Invent. Math. 155 (2004), no. 2, 305-362 (featured review on mathscinet)
[CTV] M. Conti, S. Terracini and G. Verzini, Asymptotic estimates for the spatial segregation of competitive systems,
Adv. Math. 195 (2005), no. 2, 524-560.
[AKT] G. Arioli, H. Koch and S. Terracini, Two novel methods and multi-mode periodic solutions for the Fermi Pasta
Ulam model, Comm. Math. Phys, 255 (2005), n. 1, 1-19
[FelT] V. Felli and S. Terracini, Elliptic Equations with multi-singular inverse-square potentials and critical nonlinearity, Comm. Partial Differential Equations 31 (2006), no. 1-3, 469-495.
[BFT] V. Barutello, D.L. Ferrario and S. Terracini, On the singularities of generalized solutions to n-body type
problem, Int Math Res Notices.2008 (2008), rnn069-78
[HHOT] B. Helffer, T. Hoffmann-Ostenhof and S. Terracini, Nodal domains and spectral minimal partitions, Ann.
Inst. H. Poincaré Anal. Non Linéaire, 26 (2009) 101-138
[TV] S. Terracini and G. Verzini, Multipulse phases in k-mixtures of Bose-Einstein condensates, Arch. Rat. Mech.
Anal. 194 n. 3 (2009), 717-741
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[NTTV1] B. Noris, H. Tavares, Terracini S. and G. Verzini, Uniform Hölder bounds for nonlinear Schrödinger
systems with strong competition, Comm. Pure Appl. Math. 63 (2010), 267-302
[NTTV2]B. Noris, H. Tavares, S. Terracini and G. Verzini, Convergence of minimax and continuation of critical
points for singularly perturbed systems, Journal of the European Mathematical Society 14 (2012) n.4, 1245-1273
[TT] H. Tavares and S. Terracini, Regularity of the nodal set of segregated critical configurations under a weak
reflection law, Calc. Var. PDE 45, n. 3 (2012), 273-317.
[BTWW] H. Berestycki, S. Terracini, K. Wang and J.C. Wei, Existence and Stability of Entire Solutions of an Elliptic
System Modeling Phase Separation, Advances in Mathematics 243 (2013), 102-126
[ST] N. Soave and S. Terracini, Liouville theorems and 1-dimensional symmetry for solutions of an elliptic system
modeling phase separation, Adv. Math. 279 (2015), 29-66.
Courses in international advanced schools. - Workshop GREFI-MEFI 2008: from Dynamical Systems to Statistical
Mechanics, CIRM, Marseille February 18-22, 2008, A functional analytic approach to multi-modal periodic trajectories in Fermi-Pasta-Ulam chains
- The Spring School in Nonlinear Partial Differential Equations, Université Catholique de Louvain, Louvain-laNeuve, Belgium, May 26-30, 2008, Analytical aspects of optimal partition problems and segregation in reactiondiffusion systems
- Workshop on Variational Methods and Nash-Moser, Pacific Institute for Mathematical Sciences, Vancouver June
16-22 2008, Symmetries and collisions in the n-body problem,
- South West Regional PDE Winter School, St Anne’s College, University of Oxford, 12-13 December 2008, Analytic aspects in spatial segregation for competition systems,
- TIFR-CAM Center, Bangalore (India), August 2010, Spatial segregation for competition systems;
In 2012 I have been invited to teach advanced short courses in the schools and workshops: Variational and
Geometrical Methods in PDE’s (Ancona), at the INdAM-GNAMPA school on PDEs and Dynamical Systems (Serapo), at the SMI advanced school in Cortona. In 2013, I will lecture in the Summer school at CIRM (Marseille),
Mathematical methods in celestial Mechanics.
Some participation in Scientific Commitees of Meetings. 2002 Thematic Programme in Nonlinear Analysis and Differential Equations, INdAM thematic programme, Milano-Bicocca (14 short courses and 30 invited talks, chair);
2004 Symmetry and Perturbation Theory, Cala Gonone (Sardinia) 30 may-6 june 2004 (with Giuseppe Gaeta,
Barbara Prinari, Stefan Rauch-Wojciechowski);
2007 Existence and stability properties of solitary and standing waves in nonlinear differential equations and related
spectral problems, Pisa, 24-28 September (with Nicola Visciglia e Vladimir Georgiev);
2009 INDAM Meeting : Theoretical and computational methods in nonlinear differential equations, Bertinoro September 14-18, with G. Arioli, M. Plum and F. Pacella;
2009 Lack of compactness in nonlinear problems: prospects and applications, CIRM in Luminy, October 5-9 with
Olivier Rey, Eric Séré, Micheal Struwe, chaired by Andrea Malchiodi and Frank Pacard;
2010 Solitary and Dispersive Days Milano, December 15-18, with R. Adami, D. Bambusi, D. Noja;
2012 Singular limit problems in nonlinear PDEs, CRM Luminy, November 26-30, with T. Bartsch, M. Del Pino,
N. E Dancer;
2013 New perspectives on the N -body problem, BIRS Banff (Canada), January 13-18 (a Mathematics for Planet
Earth event), with L. Chierchia, V. Kaloshin and J.N. Mather.
Selected invited talks. - Institut de Mécanique Céleste et de calcul des éphémérides, Paris, February 2005;
- Centre d’Analyse et de Mathématique Sociales, Maison des sciences de l’homme, Paris, February 2005;
- École Normale Superieure de Rennes, February 2007;
- Analysis seminar, University of Bath, December 13 2008;
- Séminaire sur les problèmes aléatoires dans les EDP, CMAP, École Polytechnique, Palaiseau, March 9 2009;
- Johann Wolfgang Goethe-Universität Frankfurt, March 31, 2009;
- PDE seminar, School of Mathematics, Minneapolis April 13, 2011;
- Evans Lecture, MSRI Berkeley, April 25, 2011;
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- Colloquia Patavina, Padova, December 13 2011;
- PDE seminar, Universidad Autonoma de Madrid, february 2012.
- Séminaires d’analyse et EDP, Université Libre de Bruxelles, november 2012
Selected plenary lectures. -Equadiff 2003, International Conference of Differential Equations, Hasselt (BE),
22-26 June 2003 (plenary lecture);
- Dynamics, Topology and Computations, June 4-10, 2006, Beedlewo (Poland), Banach Center;
- Jean Leray Centennial Conference, Topological Methods in Nonlinear Problems, June 25 - 30, 2006, Beedlewo
(Poland), Banach Center;
- Mathematical Aspects of Celestial Mechanics, Paris, Institut Henri Poincaré, December 11-20, 2007;
- Spectral Theory and Partial Differential Equations, The Erwin Schrödinger International Institute for Mathematical Physics, December 13-20, 2007;
- International conference on Variational Methods for Elliptic PDE’s and Hamiltonian Systems, POSCO International
Center, POSTECH (South Korea), October 8-10 2008;
- 51st International School of Mathematics G. Stampacchia, Variational Analysis and Applications Erice, May 9-17
2009;
- Oberwolfach conference: Topological and Variational Methods for Partial Differential Equations, May 2009;
- CELMEC V, the Fifth International Meeting on Celestial Mechanics, Viterbo, 6-12 September 2009;
- Fourth Trilateral Meeting on Analysis and Applications, Taipei (Taiwan), December 7-11 2009;
- Workshop on Variational Methods in Nonlinear Differential Equations, Oaxaca (Mexico), October 18-22 2010;
- Connection for Women-Free boundary problems, MSRI-Berkeley, January 13- 14, 2011;
- The Fourteenth Rivière-Fabes Symposium on Analysis and PDE, Minneapolis, April 15-17, 2011;
- XIX Congresso dell’Unione Matematica Italiana (plenary lecture), Bologna, September 12-17 2011;
- The 9th AIMS Conference on Dynamical Systems, Differential Equations and Applications, Orlando, Florida, USA
July 1-5, 2012 (plenary lecture).
- International Conference on Variational Methods (ICVAM-3), Chern Institute of Mathematics, Nankai University, May 21-25, 2012
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Figure 1. Numerical simulations of symmetric periodic trajectories for equal
masses and variuos symmetry groups.
From Davide L. Ferrario’s web page
(http://www.matapp.unimib.it/˜ferrario/mov/index.html)
Part 3. B2 - The extended project
Complex dynamics for the classical N -body problem
1. State of the art
In its full generality, the N -body problem of Celestial Mechanics has challenged many generation of mathematicians. It is commonly accepted, since the early works by H. Poincaré, that the periodic problem, through
its associated action spectrum, carries precious information on the whole dynamics of a Hamiltonian system .
Therefore, the problem of the existence and the qualitative properties of periodic orbits for the N -body problem (from the classical celestial mechanics point of view to more recent advances in molecular and quantum
models) has been extensively studied over the decades, and, more recently, new tools and approaches have
given a significant boost to the field. Given N point particles with masses m1 , m2 , …mN and positions x1 ,
x2 , …, xN ∈ Rd , with d ≥ 2, we consider the homogeneous (Newton) potential of degree −α < 0 on the
configuration space (here x = (x1 , . . . , xN )):
∑ mi mj
U (x) =
|xi − xj |α
i<j

(many results can be extended to a wider class of potentials, including the logarithmic ones). Collision configurations occur when xi = xj for some i ̸= j, and the potential U is undefined. Given the Lagrangian
∑ mi mj
∑1
mi |ẋi |2 +
L(x, ẋ) = L = K + U =
,
2
|xi − xj |α
i<j

i

classical solutions are critical points of the action or the Maupertuis (associated with the Jacobi metric) functionals
(∫
) (∫
)
∫
T

A(x) =

L(x(t), ẋ(t))dt
0

1

I(x) =
0

1

|ẋ|2

h + U (x) .
0

The variational approach to the periodic problem consists in seeking collisionless critical points of any of these
two functionals. One immediately realizes the collisionless part is by far the hardest. But this is not avoidable:
indeed, though singularities are responsible for the hardest difficulties in the search of true critical points,
they are also the ultimate cause of the existence of complex trajectories.
A challenging aspect of the variational approach to the periodic N -body problem is the variety of issues
involved: analytical, algebraic, topological and even computational aspects are constantly interrelated. Let
us consider for example the eight shaped periodic solution of the 3-body problem with equal masses found
by Chenciner and Montgomery in their paper [32]. It has a finite group of space-time symmetries yielding the
vanishing of angular momentum. Its symmetries play a significant role in the way this orbit was discovered:
indeed, the variational method used by Chenciner and Montgomery consists in restricting the action functional to a suitable space of equivariant paths, and then to prove that the global minimizer is collisionless by
level and symmetry considerations. In our papers [49, 13], we expanded the scope of such an approach, and
proved some general results for minimizing trajectories, which could be summarized briefly as in general,
symmetric minimizers do not collide. The proofs go on the line of finding local variations for colliding solutions,
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after some form of regularization and asymptotic analysis. A sharp local level estimate has been developed
after an idea of averaged variation by C. Marchal [70]. In [13], we have given an appropriate notion of generalized solutions (i.e. with collisions) and we have analyzed their asymptotics behavior at collisions. Here a
general class of singular dynamical system (including the N -body and the N -vortex problem) is taken into
account. We have extended the classical asymptotic estimates ([43, 72, 83]) to generalized solutions, locally
minimal trajectories in space and time with respect to compactly supported variations. In this setting we
have proved a generalization of Von Zeipel’s Theorem and the isolatedness of collisions and sharp asymptotic estimates. Such asymptotic analysis is applied to prove the absence of collisions for locally minimal trajectories,
thus extending the results of [49].
With this asymptotic analysis in our hands, we have been able to systematically exploit the symmetries of
the N-body equations in order to find new periodic solutions using a symmetric variational principle. Such Gequivariant solutions are the natural generalization of the relative equilibrium motions, the simplest periodic
orbits for the classical N -body problem. The starting point of our researches is the already mentioned paper
[49] where we have described not only a general method to construct equivariant loops spaces suitable for
a least action principle with symmetries, but also a property (the Rotating Circle Property) ensuring that Gequivariant minimal trajectories are collision-free (from partial or total collisions). The 3-body problem in
two and three space dimensions is the object of [14], where we have obtained an exhaustive classification of
the possible symmetries and we have proved that all equivariant minimizers are collision-free.
2. Goals and methodology
2.1. Morse Theory for singular Hamiltonian Systems: singularities and regularization. Both in quantum
and classical N -body problems, one of the central objects is the loop space, which has naturally a stratified
structure of singular (i.e. colliding) loops. An infinite dimensional generalization of the known regularization techniques (Levi-Civita, Kustaanheimo-Stiefel or McGehee, see e.g. [43, 64, 65, 67, 61, 83, 76]) can be
studied with the purpose of regularizing the Lagrangian functional flow, in the same way as the known
regularizations blow-up singularities and regularize the phase flow. This yields possible applications of
various homological and algebraic topological tools and index theories on the regularized loop space (for
fibred/singular spaces or for stratified spaces).
Our long range aim is to develop a Morse theoretical approach to periodic solutions to singular hamiltonian systems that takes into account also the contribution of collision solutions. Such a study involves the
extension of the gradient flow at the singularity, via some suitable monotonicity lemma, and a topological
balance between collision and non collision paths. This approach should enlighten the links between the
structure of the collision solutions and the cellular decomposition of the action functional associated with the
periodic trajectories. A simplified, still highly nontrivial, problem is the planar N -center problem: in such
a case, indeed, collisions can be regularized through the Levi–Civita space-time change of coordinates. On
the opposite side, we have the ambition of attacking the general problem of singular hamiltonian systems
when the singular set is a stratified manifold with non vanishing curvature, rather than a linear subset of the
configuration space. The presence of a nontrivial curvature already poses serious problems in the analysis of
the regularity of collision motions, in the spirit of the classical theory of von Zeipel, Wintner and Sundman.
2.2. A plethora of periodic solutions. As an application of the theory, we intend to undertake a large-scale
search for new symmetric periodic trajectories, exploiting systematically critical points theory in the plain
and in the G-equivariant framework. This issue involves: (a) the algebraic classification of all the admissible
symmetry groups; (b) the topological classification of the related G-equivariant loop spaces; (c) the analysis
of possible collision and parabolic solutions for equivariant minimizers and critical points and the determination of those groups whose minimizers are free of collisions; (d) the analysis of the linear stability of
solutions, through the study of their Maslov index and the use of numerical and computer assisted methods;
(e) numerical simulation and visualization of the trajectories.
2.3. Stability and Morse/Maslov Theory. A challenging problem in the study of N -interacting particles is
the study of linear/spectral stability of a symmetric periodic solutions in connection with the its variational
11

ERC-2013-AdG

Description of Work

Project No 339958 - COMPAT

characterization. Very recently, in a series of papers, [57, 58, 59, 60] the authors gave a quite general result for
the instability of some symmetric periodic orbits for the n-body problem, in terms of a well-known symplectic
invariant called Maslov index. However only some special group actions were considered. Our project is (a)
to give a sufficient criterion on a central configuration to give rise to a linearly (in)stable relative equilibrium
motion and (b) to provide a fairly general condition both on the symmetry group of the loop space and on
the Morse index of a periodic orbit for the N -body problem which ensures its linear/spectral (in)stablility.
This will be achieved by proving a generalized Bott-type iteration formula related to the symmetry group
action in terms of a trace of the integral for a suspension of the complexified family of operator-values one
forms arising by the linearization. As a by product, some bifurcation families of new periodic orbits will be
proved.
2.4. Parabolic trajectories. Zero energy entire solutions to the full N -body problem with diverging radii are
called parabolic solutions. In sprite of of their natural structural instability, these fleeting orbits act as connections between different central configurations and can be used as carriers from one to the other region of the
phase space. In the recent papers [15, 16, 92], we have linked the presence of minimal parabolic orbits with the
existence of minimal collision trajectories and the detection of unbounded families of noncollision periodic
orbits. The topologically non-trivial parabolic orbits are of interest also from the point of view of weak KAM
theory, as they are homoclinic to the infinity, which represents the Aubry-Mather set of our system. They
can be used to construct multiple viscosity solutions of the associated Hamilton-Jacobi equation. A further
step in our program is to deal with the existence of homoclinic and heteroclinic trajectories linking central
configurations of the full N -body problem, starting with the case when the configuration space is reduced
by symmetries (platonic, dihedral).
2.5. Symbolic dynamics for the N -body problem. We have very recently succeeded in proving the existence
of symbolic dynamics the planar N -centre problem at slightly negative energy, using a variational technique. This
simplified but highly non-trivial model serves as a sandbox to practice before attacking the full N -body
problem.
The main difficulty in the negative energy case, compared to the positive energy one, is due to the degeneracy of the Jacobi metric on the boundary of the
Hill region. Moreover, geodesics that approach the edge cease to be minimal,
and add one to their Morse index for each such interaction. In recent paper
[86] we have used partitions as symbols for proving the existence of the symbolic dynamics by a broken geodesic argument. The next step will be to use
minimal parabolic and collision solutions as bricks in order to build a symbolic
dynamic for the true N -body problem. Our final aim is to prove the existence of
invariant sets containing periodic solutions, periodic solutions arbitrarily close
to collisions and scattering solutions as limits of periodic orbits with arbitrary
long period. In this generality, this is a very difficult task: intermediate goals
will be to treat cases with specific symmetries, If successfull, we consider also
the possibility of extending such existence results to other physically relevant
strongly interacting systems such as that of N -vortex filaments.
2.6. From classical to quantum N -body. Once all of this will be achieved, a long term, high risk, project is
to prove and generalize the Gutzwiller trace formula for the N -body problem in the equivariant case (for
the ciclic, brake and dihedral actions). Gutzwiller formula represents a key concept in the study of quantum
chaos: yet, the formula is far from being understood or being rigorously justified (there are problems due to
the divergence of the series, insufficient error estimates, etc.). We plan to use these formulas in order to detect
and quantify the ocurrence of chaos in the classical N -body problem. The main idea in order to achieve this
goal is to use the equivariant periodic solutions to compute the trace formula and the Riemann zeta-function;
this will be done computationally, through our large set of equivariant periodic orbits and their stability
features. In facts, the zeros of the zeta functions have at least formally a distribution of eigenvalues similar
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ERC-2013-AdG

Description of Work

Project No 339958 - COMPAT

to the hyperbolic Laplacian through the Selberg formula and this admits a semiclassical (i.e. asymptotic)
generalization. A key ingredient is to use the functional determinants through homotopy transformations
which naturally relate the Morse index (configuration space) to the Conley and Zehnder index (phase space)
of periodic classical extremals.
Pattern formation through spatial segregation
3. State of the art
Several physical phenomena can be described by a certain number of densities (of mass, population, probability, ...) distributed in a domain and subject to laws of diffusion, reaction, and competitive interaction. Whenever the competitive interaction is the prevailing phenomenon, the several densities can not coexist and tend
to segregate, hence determining a partition of the domain (Gause’s experimental principle of competitive exclusion
(1932)). As a model problem, we consider the system of stationary equations
{
∑
−∆ui = fi (ui ) − βui j̸=i gij (uj )
ui > 0 .
The cases gij (s) = βij s (Lotka-Volterra competitive interactions) and gij (s) = βij s2 (gradient system for GP energies) are of particular interest in the applications to population dynamics [88] and theoretical physics
[54, 62] respectively. In a series of papers in collaboration with Conti, Verzini, Noris and Tavares, we have undertaken the analysis of qualitative properties of solutions to systems of semilinear elliptic equations, whenever the parameter β, accounting for the competitive interactions, diverges to infinity. At the limit, when the
minimal interspecific competition rate β = minij βij diverges to infinity, we find a vector U = (u1 , · · · , uh ) of
functions with mutually disjoint supports: the segregated states: ui · uj ≡ 0, for i ̸= j, satisfying
−∆ui = fi (x, ui )

whenever ui ̸= 0 , i = 1, . . . , h,

A prototype for systems with gradient structure is the Gross-Pitaevskiǐ system, which describes the solitary
waves and the ground states of a system of nonlinear Schrödinger equations modelling the Bose-Einstein
condensation phenomenon with different hyperfine spin states ([6, 9, 10, 27]). In the mean-field regime, the
many-component Bose-Einstein condensate at zero temperature is described in terms of many wave functions
(order parameters), ψi , respectively representing the ith component. The total energy of the system takes the
following form
∫ ∑
k
∑
|∇ψi |2 + Fi (|ψi |) +
βij |ψi |2 |ψj |2 .
E=
i

i,j

Here the parameters βij represent the interspecific scattering lengths. We first studied the limits, as βij →
+∞ of the the ground state solutions [34] (see also [27]): at the limit such solutions feature not only phase
separation, but also optimal properties under the form of differential inequalities. These inequalities account
for the segregation constraint, as we proved in [34, 36]. We obtained optimal bounds in Hölder spaces, both
for the systems featuring Lotka-Volterra interactions and for the ground and excited states of systems of
Gross-Pitaevskiǐ equations ([79]). In addition, we succeeded in proving that, regardless of their minimizing
properties, the limiting profiles share the same properties as the nodal set of the eigenfunctions of Schrödinger
operators: they are regular up to a low dimensional singular set. Surprisingly enough, we found the validity of a
reflection law for the component’s gradients at the interface, which represents the equilibrium condition [89]
(for the energy minimizing configurations, see also [24, 25]) .
The determination of such equilibrium conditions and the ultimate notion of critical segregate configuration
is one of the main conceptual difficulties we addressed in [80]. Of course, it can be linked with Γ-convergence
and, to some extent, with non smooth critical point theory. In the case of only two components, we conjectured that criticality can always be expressed by means of a single equation for the difference of the two
components. This conjecture has finally been proved in the paper by E. Dancer, K. Wang and Z. Zhang,[42].
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4. Goals and methodology
4.1. Entire solutions and De Giorgi type conjecture for competition-diffusion systems. As a matter of
facts, the growth rates of stationary entire solutions determine the quantitative rules of spatial competition. Therefore,
in order to fully understand the spatial interplay of competing densities, we need to classify all possible entire
solutions of competition diffusion systems of type
∑
∆ui = ui
βij u2j ,
relative to the properties of the interspecific scattering lenghts matrix (β)ij . In a recent paper [19], we have
constructed families of solutions, in two space dimensions, whose components shadow the positive and negative parts of homogeneous harmonic polynomials. Furthermore, we know that all solutions are asymptotic
to harmonic polynomials at infinity and have a integer Almgren’s frequency at infinity. Our conjecture is
that this family exhausts all possible entire solutions and that these are all minimal in the sense of Morse.
This fact is connected with the structure of the multiply clustered points of the segregated limiting profiles
and with the rate of convergence of the solutions of the competition-diffusion system to the limiting profiles
and is the analogous in this framework of De Giorgi’s conjecture for the Allen-Cahn equation.
To start with, we face the simplest, yet highly nontrivial case of two components; we deal with solutions to
the system

2

∆u = uv
∆v = vu2 ,


u, v > 0 in RN
Our first, already very ambitious, objective is to classify all possible entire solutions. A class of simple solutions depends on one variable only, and have linear growth, which is the lowest possible spatial one. In addition, they are linearly stable and locally minimizing. A basic intermediate question to examine is whether
all monotone solutions are one dimensional. At this moment only partial results in two space dimensions are
available. In the recent preprint we have proved that in two dimensions, every stable solution with at most linear
growth is one dimensional (see also [18]). We conjecture this should be actually true in all dimensions. On the
other hand, we have proved that solutions having polynomial growth and many components do exist [19]:
we plan to try to classify them according with their limiting frequencies. More in general, starting from our
results in [90], we plan to undertake a systematic classification of the entire positive solutions to the cubic
Schrödinger System
∑
∆ui = ui
βij u2j ,
relative to the properties of the matrix interspecific scattering lenghts (β)ij . Solutions to the evolutionary
parabolic problem connecting two entire solutions will be explored as well. These problems are extremely
difficult and require a joint use of methods from geometrical PDE’s and the theories of phase transitions and
free boundaries.
4.2. Pattern formation for many components Bose-Einstein condensates. Two-component BECs and the
topological excitations within have been experimentally realised and appear in the physical literature in a
number of configurations: a single isotope that is in two different hyperfine spin states, two different isotopes of the same atom or isotopes of two different atoms (cfr the references in [2]). When a k—components
condensate is subject to a magnetic field, the associated Gross-Pitaevskiǐ energy functional becomes
E=

∫ ∑
k
i=1

|∇ψi − iAψi |2 + V (r)|ψi |2 +

k
∑

βij |ψi |2 |ψj |2 ,

i,j=1

where A is the magnetic potential and V (r) is the electric potential. According with the respective values
of βij and ter other parameters, such as the magnetic field intensity or the locations of its concentration points,
the ground states exhibit very different properties in terms of their nodal regions, shape of the bulk, defects
and coexistence of the components or spatial separation. In a recent numerical paper, Mason and Aftalion [2]
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have produced phase diagrams to classify the types of ground states for rotating BECS according with their
angular velocity. In particular, they showed the occurrence of phase segregation and the emergence of new
phenomena such as giant skyrmions and the presence of peaks inside the annulus, corresponding to vortices
in the disk. A somewhat similar situation occurs when the magnetic field concentrates at one or more single poles
(Hamiltonians of Aharonov-Bohm type, cfr [20, 78]) and one looks at the nodal lines of the corresponding
ground or excited states. Ground and excited states and their nodal configurations will be studied as functions of the
poles configuration in the disk, with a focus on the critical and extremal configurations of the singularities. We
wish to investigate the interaction between phase segregation and vortex formation with a special focus on
the interaction between phase segregation and vortex/poles location, which needs a new type asymptotic
analysis.
4.3. Anomalous diffusions and non local interactions. Fractional laplacians arise in some models of enhanced anomalous diffusion, when the Gaussian statistics of the classical Brownian motion is replaced by a
different one, giving rise to the Lévy jumps (or flights). As such operators are of real interest both in population dynamics and in relativistic quantum electrodynamics, we plan to extend the theory in this direction. The
asymptotic analysis and the study of the nodal set in case of fractional laplacians are very challenging issues,
because of the genuinely non-local nature of the problem. New tools, involving different extremality conditions and new monotonicity formulas, have to be tailored to attack this problem and raise new challenging
spectral problems. Contrary to the usual competition-diffusion cases, we expect the emergence of dramatically different phenomena depending on the type of competitive interaction. We have reasons to conjecture
that the interactions of Lotka-Volterra type will still feature Lipschitz limiting profiles. Hölder regularity will
instead be reasonably optimal for limiting profiles of gradient type systems and optimal partitions.
Other type of physically relevant nonlocalities arise when either the inter or/and the intraspecific interactions involve the convolution with a (hard core) potential. Such type of interactions are of physical interest
(see, for instance [1]) and produce, in the competitive limit, regions where all the wave functions vanish. The
corresponding optimal partition problem involves supports having constant distance. We plan to extend the
asymptotic estimates and regularity of the nodal to such a case. It is also natural to wonder whether there are
Hölder bounds holding uniformly for such nonlocal interactions up to the limiting pointwise (delta) ones.
4.4. Dynamical issues: coexistence versus extintion. On a given domain, the existence of non-trivial (i.e.
with all nonzero components) segregated solutions obtained as limiting configurations of strongly competing
systems is very challenging issue. In general, we cannot expect to avoid extinction of one or more species, as
pointed out in [63] for convex domains. We believe that the geometry of the domain plays a key role and nontrivial domains are the most likely to carry coexisting stationary stable configurations. Therefore a relevant
class of problems concerns the construction of nontrivial solutions for the approximating interaction systems,
whose supports shadow optimal partitions: some results in this direction have been achieved in the radial
case in [93], where we have proved the existence of infinitely many radial solutions for the Bose–Einstein system. This issue is related with the problem of coexistence in population dynamics with large Lotka-Volterra
type intraspecific interactions [39, 77, 88]. A first short range purpose concerns with the search for examples of coexistence of strongly competing species in convex domains (e.g. in triangles) with homogeneous
Dirichlet boundary conditions, exploiting some diversification of the inner dynamics. Non trivial domains
and networks of chambers connected with thin tubes will be explored as well. A new challenge concerns
the problem of existence of spiraling solutions for competition-diffusion systems with strong interactions in
the case of asymmetric interspecific competition rates.
A very interesting problem, in a long term, is the study of the stability of the solutions with separate phases,
with respect to the original dynamical Gross-Pitaevskiǐ system. This is an extremely challenging problem, for
it requires a completely new approach: indeed, the free boundary techniques, well known for the elliptic and
parabolic problems, are not available for hyperbolic systems. Finally, an ambitious goal is the deduction of
the Gross-Pitaevskiǐ nonlinear model also for mixtures of Bose-Einstein condensates, both for the stationary
and the time-depending solutions.
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Figure 2. Numerical simulations of the minimal partition on the torus relative to the first
eigenvalue (first two figures from the left) and relative to the second and third eigenvalues.
From Boudin-Bucur-Oudet [22]
4.5. Optimal partitions for eigenvalues. A strictly connected class of problems concerns the qualitative theory for optimal partitions related with linear and nonlinear eigenvalue problems. A first issue is about the
regularity of the boundary of the partition and the extremality conditions across the interface. The analysis
carried in the recent paper [89] for the limiting profiles of strongly competing Schödinger equations suggests
that a reasonable substitute could be the validity of the domain variations formula. A new difficult problem
concerns the extension of the regularity theory for optimal partitions associated with higher eigenvalues as
well as combinations of several eigenvalues and, similarly, the optimal shape problem. Another relevant
class of problems concerns the determination of the actual optimal partitions and the study of their features,
such as uniqueness and symmetries. Optimal partitions related with the first eigenvalue are the easiest to
deal with (see e.g. [56]). We have determined the minimal spectral 3-partition of the sphere, which is the
most symmetrical configuration for a 3-partition. Of course, we would like to extend such results and to find
the shape of minimal k-partitions for low k’s. An interesting conjecture is about minimal periodic minimizing tilings, that should be reasonably hexagonal. Moreover, for general domains, the shape of the cells of
minimal partitions are expected to be hexagonal as well, for k-partition with large k’s. We must be aware,
however, that it is as easy to speculate about the shape of optimal partitions, as much as it is difficult to find
suitable arguments for the proofs. In attacking these problems we will draw extensively less conventional
techniques, such as numerical simulations and computer assisted proofs. A new research line concerns
solutions of nonlinear PDEs emanating from solutions to nonlinear optimal partitions in different contexts,
such as supercritical Emden-Fowler and Schrödinger equations.
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Part 4. Resources
5. The research team
• PI: Susanna Terracini, will coordinate the entire project and have full responsibility of the project
development. She will devote 30% of her working time to the project.
• FULL TIME TEAM MEMBERS: will devote most of their research working time to the project. Davide L. Ferrario (associate professor, University of Milano Bicocca, equivariant topology, geometry,
dynamical systems, computational group theory and topology); Paolo Caldiroli (full professor, University of Torino, global analysis, geometric PDE’s variational methods); Veronica Felli (associate
professor, University of Milano Bicocca, variational methods, PDEs); Vivina Barutello (associate
professor, University of Torino, N -body problem, dynamical systems); Alessandro Portaluri (associate professor, University of Torino, Maslov theory, topological methods, Hamiltonian Systems);
Hugo Tavares (professor, University of Lisbon, free boundary problems, nonlinear PDE’s); Gianmaria Verzini (associate professor, Politecnico of Milano, differential equations, variational and topological methods, nonlinear Schrödinger systems); Alberto Boscaggin (temporary (5 years) assistant
professor, University of Torino, ordinary differential equations, variational and topological methods);
Walter Dambrosio (associate professor, University of Torino, ordinary differential equations and dynamical systems, topological methods in nonlinear analysis).
• PART TIME TEAM MEMBERS: will devote a part of their working time to specific sections of
the project. Denis Bonheure (full professor, Université Libre de Bruxelles, nonlinear PDEs, variational methods); Virginie Bonnaillie-Noël (CNRS Researcher, IRMAR, École Normale Superieure
de Cachan - Rennes and Université de Rennes 1, PDE’s, spectral theory, asymptotic analysis, numerical analysis); Alberto Farina (full professor, University of Amiens, geometric PDE’s, De Giorgi
conjecture, classification of entire solutions); Tobias Weth (full professor, Institut für Mathematik
Goethe-Universität Frankfurt, nonlinear analysis, variational methods, PDEs).
• JUNIOR MEMBERS. Laura Abatangelo, Benedetta Noris, Corentin Léna, Dario Mazzoleni, Manon
Nys, Nicola Soave, Alessandro Zilio, post-docs; Alessandro Audrito, Gabriele Cora, Matteo Sacchet, Giorgio Tortone, Stefano Vita, phd students.

6. The project costs
• Personnel cost
- The PI will commit 30% of her total working time to the project.
- Five professors of Turin University (Vivina Barutello, Alberto Boscaggin, Paolo Caldiroli, Walter Dambrosio and Alessandro Portaluri) will devote most of their research time to the project.
- Six junior (for a total duration of 93 months) post-docs will be employed full time on the researches topics.
One junior post doc will be hired for 24 months working on Objective §4.1 and will spend some
time to work with A. Farina at the University of Amiens. Another two will be working on Objective
§4.2, collaborating also with V. Bonnaillie-Noël on §4.2 and §4.5. One post-doc will be working on
§4.5. One post-doc will be hired specifically for performing the scientific computations/computer
assisted tasks related with Objective §2.2,§2.3,§2.6. Another post-doc will be hired on Objective §2.3.
- Five Ph.D students will work part-time on the scientific objectives of the project for a total
duration of 21 months.
- We require a part-time (a) computer technician and (b) secretary with the following duties: (a)
system and software administration, with support as a webmaster and software facilitator, implementing the collaborative framework for team members; (b) to manage resources and administrative
details of the team members and the project (time sheets, budget plans, short-term or long-term visiting positions to be advertised on the web) with visibility and collaboration as goals.
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• Equipment. The requested grant will be used to purchase: (a) a server to be connected as a grid
node of the existing infrastructure, for high performance computing, deploying and scheduling of
computing jobs; (b) a workstation for rendering, visualization and fast prototyping.
• Travel (Host Institution team members). This will cover travel and subsistence expenses for HI team
members and post-docs will be for participation in conferences and for scientific collaboration on
subjects related to the project.
• Other costs/Visiting scientists. This will cover travel and subsistence expenses for team members not
employed by the Host Institution and includes participation in the two scientific meetings organized
by the PI (see Subcontracting costs/Workshop and events) and scientific collaboration on subjects
related to the project.
• Subcontracting costs/Workshops and events. This includes the organization costs of two scientific
meetings mainly aimed at disseminating the results of the project and to interact with other experts.
There will be two key intermediate goals, which will be completed in years 3 and 5. The results of
the intermediate goals will be discussed in the international workshops organized within the project.
The organization will be provided by an external service.
• Subcontracting costs/CFS. These include also the Certificates on Financial Statements (CFS), according with the rules of FP7 for the CFS.

7. Third parties involved in the project
ANVUR (Italian National Agency for the Evaluation of Universities and Research Institutes) will be involved as thirs part in the project providing the use of resources in kind (free of charge).

8. The Research Environment
The PI’s host institution is the Department of Mathematics “Giuseppe Peano” of the University of Torino.
It will provide the basic facilities such as rooms, offices, seminar rooms, network and computing facilities, as
well as electronic and library resources.
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