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Scientific Achievements of Eva Miranda

In the last 10 years Eva Miranda have been facing difficult problems in Geometry, Analysis on Manifolds,
Mathematical Physics and applications to Celestial Mechanics and Fluid Dynamics and solved some of them.

1. In Analysis on Manifolds: Eva Miranda has developed hard analysis techniques on manifolds as initiated
by Nash and used by Perelman to prove the Poincaré conjecture. Together with Monnier and Zung Eva
Miranda proved a Nash-Moser normal form theorem (Adv. Math) for scaled C∞-type spaces and we
have applied to prove rigidity of group actions on Poisson manifolds (Adv Math) and in the context of
Poisson-Lie groups. This Nash-Moser nomal form theorem has had a strong impact in the mathematical
community and has been applied in Generalized Complex Geometry (J. Diff. Geom) and Poisson (Acta
Math.).

2. In Geometry:: With Guillemin Eva Miranda initiated a new branch in Poisson Geometry: b-Symplectic
Geometry which deals with a class of Poisson manifolds symplectic away from a hypersurface along
which the Poisson structure satisfies some transversality conditions. Symplectic Geometry is often con-
sidered as the common scenario of many physical systems. Symplectic manifolds are modelled over
cotangent bundles. b-Symplectic manifolds are modelled over ”singular” cotangent bundles.

3. In Mathematical Physics: Eva Miranda has worked on geometric quantization with a special focus
on singularities. These singularites have different mathematical reincarnations: As singularities of the
Polarization (where she has considered non-degenerate singularities ) and as singularities of the underly-
ing geometric structure. She have defined formal geometric quantization for b-Poisson manifolds (with
Guillemin and Weitsman) addressing a long-standing question by Weinstein and Kontsevich.

4. In Celestial Mechanics and Fluid Dynamics Very recently Eva Miranda has established new bridges
between Karen Uhlenbeck’s theory on Geometric Analysis and escape trajectories in celestial mechanics.
This is connected to the singular Weinstein conjecture in Symplectic topology (see below). She has also
established new connections between contact geometry and the h-principle and Fluid Dynamics finding
a new geometric approach to Tao’s conjecture on the Navier-Stokes problem (see below).

Since 2010 Eva Miranda has supervised/ is supervising 9 PhD students. Eva Miranda is the founder and
director of the Laboratory of Geometry and Dynamical Systems at UPC, a lab focusing on questions at
the intersection of Symplectic Geometry and Dynamical Systems. Some of the high profile work that she have
led/currently lead include:

1. Opening a brand-new research line in Poisson Geometry, that of b-symplectic/Poisson Geometry (also
called log-symplectic manifolds). This has attracted considerable attention of the international commu-
nity and several PhD theses have been defended in the subject (incl. 4 of her PhD students).

2. Opening new lines of research in integrable systems and Geometry (focusing the study in the existence
of singularity and rigidity phenomena). In 2012 she developed a new fine technique to prove rigidity
of Geometric structures based on a generalized abstract Nash-Moser theorem. This theorem has been
applied successfully by other authors to prove rigidity phenomena beyond the realm of Poisson Geometry.

3. Just recently she has established new bridges between singular contact geometry and singular Beltrami
fields and proved universality features via the acclaimed h-principle in contact geometry. This important
and highly influential work is still to be published.

Other merits and prizes:
• ICREA Academia Prize 2016.
• Chaire d’Excellence de la Fondation Sciences Mathématiques de Paris, 2017.
• Giovanni Prodi Chair, 2017 (declined).
• Invited address at the 8ECM, 8 European Congress of Mathematicians, 2020.

Participation in Mass media (a selection):
• ECM 2020-2021 : an interview of Eva Miranda, La lettre de l’Institut national des sciences mathématiques

et de leurs interactions, 9 pages, July 2020.
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• Mayra Lirot, Interview with Eva Miranda (UPC). About the Importance of Organizing a Women Work-
shop, EMS Newsl. 9 (2019), 30-31. doi: 10.4171/NEWS/113/7.
• Eva Miranda, Las matemáticas de los fenómenos que se repiten, Ciencia, El Paı́s, November, 2018.
• Eva Miranda: En España tenemos un importante capital humano en investigación matemática, ABC,

2017.

Mathematical description of her most recent accomplishments:
The scenario:

The movement of particles in space can be formulated as Hamiltonian systems where the total energy of the
system is the Hamiltonian function. Classical Hamilton’s equations read:{

q̇ = −∂H
∂p

ṗ = ∂H
∂q

Thus the movement of particles in the q direction (position) on M is modelled by a space (the phase space)
which doubles the dimension of the space of position and considers velocities as a new coordinate. These
coordinates are known in physics as position and momenta of the phase space. There are two mathematical
objects naturally associated to this system: The cotangent bundle of the ”positions” T ∗(M) and a natural 1-
form associated to it; the Liouville 1-form. Its differential ω = −dλ =

∑n
i dqi∧dpi is an exact 2-form which is

non-degenerate in the sense that the equation ιXαω = α has a unique solution, Xα, for a given one-form α. For
the exact form α = −dH this vector field is called the Hamiltonian vector field associated to the function H .
A 2-form ω which is closed and non-degenerate is called a symplectic form. Hamilton’s equations coincide
with the equations of the flow of the Hamiltonian vector field associated to H . The cotangent bundles are the
first natural examples of symplectic manifolds but there are many other simple examples. For instance, any
orientable surface is a symplectic manifold. One of the key tools in the study of Hamiltonian systems is contact
geometry. It is the geometry induced on the conserved energy hypersurfaces in which the system evolves
whenever they admit a Liouville vector field transverse to it. These odd dimensional analogues to symplectic
manifolds are contact manifolds and their geometry is described by a form α satisfying a non-integrability
property α ∧ (dα)n 6= 0. The dynamics of a contact manifolds is very much governed by Reeb vector fields R
determined by the equations: α(R) = 1, ιRdα = 0.

Contributions to Integrable Systems, group actions and quantization
The study of symmetries of Hamiltonian systems is naturally associated with the principle of conservation of

energy (or Noether’s theorem) and can be formalized via actions of Lie groups. When the fundamental vector
fields of the group action are Hamiltonian vector fields the associated actions often have an associated moment
map µ : X −→ g∗ with g the Lie algebra of the Lie group G. When the group G is abelian, these symmetries
show up in integrable systems which have been a key piece in adjacent areas such as algebraic geometry
(mirror symmetry). Part of the theory in Symplectic Geometry builds up on understanding the symplectic
geometry reconstructing the puzzle from its pieces. In the case of effective actions of tori of maximal rank
(toric manifolds), the complete symplectic geometry can be described from the image of the moment map
which is a polytope (Delzant’s theorem [D]). Many interesting properties can be deduced from the polytope
connecting to the quantization of the systems. The naı̈ve Bohr model would just count the integer points inside
the polytope and those have a fine interpretation in terms of Geometric quantization (Bohr-Sommerfeld leaves).

One of the most outstanding recent results of Eva Miranda concern normal forms for moment maps action-
angle coordinates for integrable systems on Poisson manifolds [LMV], action-angle theorems on manifolds
with singular structures [KM, KMS] and rigidity theorems for moment maps and group actions in Poisson
Geometry [MMZ].

Other interesting results of Eva Miranda refine the connection between singularities of integrable systems
and Bohr-Sommerfeld leaves [MP, MPS].
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Contributions to Poisson Geometry and Quantization
Over the past decade, one of the most important developments in the field of Poisson geometry has been

the detailed study of Poisson structures called b-symplectic (or log-symplectic) manifolds which Eva Miranda
investigated in [GMP1] and [GMP2] together with Guillemin and Pires. These all refer to Poisson manifolds
which are symplectic almost everywhere except for a hypersurface (critical locus) where the Poisson structure is
not invertible and hence the symplectic structure becomes singular. b-Symplectic structures constitute the first
example of singular symplectic structures considered. One of the buiding blocks of this theory is b-calculus
developed in its full force by Melrose [Mel] to investigate pseudo-differential operators on manifolds with
boundaries. b-Calculus was also key in the study of the deformation quantization of manifolds with boundary
pioneered by Nest and Tsygan in [NT1].

Together with several collaborators Eva Miranda has extended part of the classical symplectic theory to the
singular context: extending convexity and Delzant’s picture to b-symplectic manifolds [GMPS1, GMPS2] and
its connection to Quantization theory [GMW1, GMW2, GMW3].

Open problem: Give models for Quantization of Poisson manifolds for which [Q,R] = 0.

Ever since the work of the fields medallist Kontsevich on the formality conjecture and deformation quanti-
zation of Poisson manifolds, no noteworthy progress has been made in extending the geometric quantization
models to Poisson Geometry. In [GMW2, GMW3] the geometric quantization is provided for b-symplectic
manifolds. This model satisfies the condition [Q,R] = 0..

Contributions to the Geometrical Study of Hamiltonian systems and applications to Celestial
mechanics and Fluid Dynamics

The existence of periodic orbits of the Hamiltonian vector field on a given level-set of a Hamiltonian function
is a central question in symplectic geometry. Historically, this question is motivated through its applications to
classical mechanics and has ever since given rise to spectacular developments in the field. One of the classical
examples in celestial mechanics is the planar restricted three body problem, a restricted case of the general
3-body problem, where one of the bodies is assumed to have negligible mass and the bodies move in a plane.
Periodic orbits of the system are identified with the trajectories of satellites that come back to the initial point.
Thus, the application of these theoretical advances has a strong impact in astrodynamics.
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Figure 1: Restricted three body problem on the left and Lagrange points on the right.

Periodic orbits in Hamiltonian and Reeb Dynamics
In the contact context, the Weinstein conjecture asserts that the Reeb vector field of a closed contact manifold

has at least one periodic orbit. There are several Hamiltonian and symplectic relatives of this conjecture such as
the Hamiltonian Seifert conjecture or the Conley conjecture about the periodic orbits of Hamiltonian systems
on a symplectic manifold (see [G1]). The tools of Floer theory provide refinements of these conjectures and the
whole community in symplectic and contact geometry has experimented a golden age period during the last
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decades. Weinstein conjecture was proved in dimension 3 by Taubes [Tau] (see also Hutchings [Hu]). Hofer
[Ho] proved it using the force of J-holomorphic curves on any overtwisted 3-dimensional compact contact
manifold. This conjecture has been pushed in several directions (see the survey [Pa]) and is still open in full
generality. One of the classical (variational) approaches to look for periodic orbits is to find critical points of
the action functional. The initial analytical technique developed into a complete new theory: Floer homology
where critical points are a building block of the algebraic complex. In [MiO2] Eva Miranda showed that
Hofer’s proof of Weinstein conjecture for overtwisted manifolds (see [Ho]) can be extended to non-compact
manifolds whenever some additional condition is imposed on the ends (additional symmetry). These manifolds
are often compactified as singular contact manifolds.

In view of the compact examples without periodic orbits in [MiO2] together with singularities of the dynam-
ics on Z, the following reformulation of the Weinstein conjecture (starting in dimension 3) is done

Conjecture 1 (Singular Weinstein conjecture, Miranda-Oms). Let (M,α) be a compact bm-contact manifold
and let Z be its critical set. Then there exists always a Reeb orbit (which we call singular periodic orbit)
γ : R→M \ Z such that limt→±∞ γ(t) = p± ∈ Z and Rα(p±) = 0.

As a corollary, we would obtain (see Figure 2): Any Beltrami field in a manifold with a cylindrical end has
at least one of the two: a periodic orbit or an orbit that goes to infinity for t→ +∞ and t→ −∞.

Not only does this shed new light on the study of homoclinic and heteroclinic orbits, but it can also eventually
lead to far-reaching extensions of variational approaches (and Floer techniques) to the singular contact and
symplectic realm and, ultimately, to the Poisson scenario.

The study of the Reeb dynamics on bm-contact manifolds has substantial applications to celestial mechanics:
the dynamics on positive energy level-sets of the restricted planar circular three body problem are described by
the flow of a b3-Reeb vector field. The critical set describes the manifold at infinity. In [MiO2] I prove that
there are infinitely many periodic orbits on the critical set. This work generalizes to the hyperbolic case the
results in [DKRS] about periodic orbits at infinity in the parabolic case. The study of singular periodic orbits
is closely related to the study of escape orbits/trajectories in astrodynamics. Eva Miranda and her collaborators
have revolutionized this scenario by applying Uhlenbeck’s [U] fine techniques on elliptic operators to this
singular context via Beltrami fields (see [MOP]).

γ2

γ1

Z

γ

Figure 2: On the left singular periodic orbits. On the right a singular periodic orbit vs. a escape orbit.

Beltrami fields, universality and the h-principle
Euler equations model the dynamics of an inviscid and incompressible fluid flow on R3 . Their viscid

counterpart yield the Navier-Stokes equations. Euler equations can also be formulated on any Riemannian
3-manifold (M3, g) as follows:

∂X

∂t
+∇XX = −∇P

divX = 0

where X is the velocity, ∇ the Riemannian gradient and P the pressure. The Bernoulli function is given by
B = P + 1

2g(X,X). The solutions with velocity not depending on time are called stationary. The stationary
Euler equations can be written in terms of the form α = ιXg as follows,{

ιXdα = −dB
dιXµ = 0.
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An important class of stationary solutions are given by Beltrami fields which satisfy curlX = fX, with f ∈
C∞(M). When f 6= 0, we call those vector field rotational. Among the examples of Beltrami fields we find
Hopf fields and ABC flows. An important observation is that Beltrami flows are geometrical in the sense we can
associate a geometric structure: X is a non-vanishing rotational Beltrami if and only if α = ιXg is a contact
structure as proved by Etnyre and Ghrist [EG, EG2]. In [CMP] Eva Miranda extended the contact/Beltrami
picture to certain singular contact manifold but the principle seems to work in more generality. This mirror
between Beltrami and Reeb vector fields has played a fundamental role.

Their viscid counterpart Navier-Stokes are more complicated in nature and the existence of smooth solution
is still an open problem in the millennium list of the Clay Foundation. In [T0, T4] Tao inaugurated a new path
to approach the negative answer to Navier-Stokes problem. This novel pathway explores connection to Turing
completeness and to Euler flows [T2].

Applying the h-principle to contact structures, together with her collaborators Eva Miranda has proved
universality features for Euler flows [CMPP].

In [CMPP2] Eva Miranda and her collaborators reduced this to dimension 3.
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folds. Journal des Mathématiques Pures et Appliquées, J. Math. Pures Appl. (9) 105 (2016), no. 1, 66-85.

[KM] A. Kiesenhofer, E. Miranda. Cotangent models for integrable systems. Comm. Math. Phys. 350 (2017),
no. 3, 1123–1145.

[Kn1] A. Knauf, Mathematical physics: classical mechanics. Translated from the 2017 second German edition
by Jochen Denzler. Unitext, 109. La Matematica per il 3+2. Springer-Verlag, Berlin, 2018. xiv+683 pp.
ISBN: 978-3-662-55772-3; 978-3-662-55774-7

[Kn2] A. Knauf, The n-centre problem of celestial mechanics for large energies. J. Eur. Math. Soc. (JEMS) 4
(2002), no. 1, 1–114.

[Kn3] A. Knauf and M. Krapf, The escape rate of a molecule. Math. Phys. Anal. Geom. 13 (2010), no. 2,
159–189.

[Kon] M. Kontsevich, Deformation quantization of Poisson manifolds, Lett. Math. Phys. 66 (2003), no. 3,
157–216.

[Ku] K. Kuperberg, A smooth counterexample to the Seifert conjecture, Ann. of Math. (2), 140(3) (1994),
723–732.

[LMV] C. Laurent-Gengoux, E. Miranda, and P. Vanhaecke. Action-angle coordinates for integrable systems
on Poisson manifolds. Int. Math. Res. Not. IMRN 2011, no. 8, 1839–1869.

[LNT] E. Leichtnam, R. Nest and B. Tsygan, Local formula for the index of a Fourier integral operator. J.
Differential Geom. 59 (2001), no. 2, 269–300.

[Mel] R. Melrose, Atiyah-Patodi-Singer Index Theorem (book), Research Notices in Mathematics, A.K. Peters,
Wellesley, 1993.

7

https://www.quantamagazine.org/terence-tao-proposes-fluid-new-path-in-navier-stokes-problem-20140224/
https://www.quantamagazine.org/terence-tao-proposes-fluid-new-path-in-navier-stokes-problem-20140224/


Eva Miranda Description of Research accomplishments 8ECM

[MiO1] E. Miranda and C. Oms, The geometry and topology of singular contact manifolds, arXiv:1806.05638.

[MiO2] E. Miranda and C. Oms, The singular Weinstein conjecture , arXiv:2005.09568.

[MOP] E. Miranda, C. Oms and D. Peralta, On the singular Weinstein conjecture and the existence of escape
orbits for b-Beltrami fields, arXiv:2010.00564.

[MMZ] Miranda, Eva; Monnier, Philippe; Zung, Nguyen Tien Rigidity of Hamiltonian actions on Poisson
manifolds. Adv. Math. 229 (2012), no. 2, 1136–1179.

[MeO] K. Meyer and D. Offin, Introduction to Hamiltonian dynamical systems and the N-body problem, Third
edition. Applied Mathematical Sciences, 90. Springer, Cham, 2017.

[MPl] E. Miranda and A. Planas, Equivariant Classification of bm-symplectic Surfaces, Regular and Chaotic
Dynamics 23 (2018), no. 4, 355–371.

[MP] E. Miranda and F. Presas, Geometric Quantization of Real Polarizations via Sheaves, Journal of Sym-
plectic Geometry, volume 13, number 2, pages 421–462 (2015).

[MPS] Eva Miranda, Francisco Presas, and Romero Solha. Geometric quantization of almosttoric manifolds.J.
Symplectic Geom., 18(4):1147–1168, 2020.

[Mos] Moser, Jürgen, Regularization of Kepler’s problem and the averaging method on a manifold, Commu-
nications on pure and applied mathematics 23.4 (1970): 609–636.

[NT1] R. Nest, B. Tsygan. Formal deformations of symplectic manifolds with boundary. J. Reine Angew. Math.
481, 1996, pp. 27–54.

[NT2] R. Nest, B. Tsygan. Deformations of symplectic Lie algebroids, deformations of holomorphic symplectic
structures, and index theorems.. J. Reine Angew. Math. 481, 1996, pp. 27–54. Asian J. Math. 5 (2001),
no. 4, 599–635.

[Pa] Federica Pasquotto, A short history of the Weinstein conjecture. Jahresber. Dtsch. Math.-Ver. 114 (2012),
no. 3, 119–130.
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