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A workshop and summer course on symplectic and contact geometry and
topology, held at the CIEM in Castro Urdiales, Spain, the 27 June-1 July,

2011.

The meeting consisted of three courses given by invited lecturers, plus
further invited/contributed talks on current research topics.

Lecture notes available from the course by A. Swann and from the lecture
by M. Usher.

The journal Geometriae Dedicata will devote a special issue to the results
presented in this conference. See here the submission instructions for

participants.

The workshop participants at the poster session.

http://www.ciem.unican.es/
http://www.ciem.unican.es/
http://maps.google.es/maps?f=q&source=s_q&hl=es&geocode=&q=castro+urdiales&sll=40.396764,-3.713379&sspn=11.35566,19.731445&ie=UTF8&hq=&hnear=Castro-Urdiales,+Cantabria&ll=43.382775,-3.21957&spn=0.677688,1.233215&t=h&z=10
http://www.springer.com/mathematics/geometry/journal/10711
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A. Oancea's Wednesday lecture (picture by G.R. Cavalcanti).

Download here the meeting's poster, and the list of abstracts.

Last updated on 2011/8/12.
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The GESTA 2011 time schedule:

MONDAY
27

TUESDAY
28

WEDNESDAY
29

THURSDAY
30 FRIDAY 1

9:30-
10:30 Swann Kerman Muller Ghiggini Sandon

Coffee Coffee Coffee Coffee Coffee
11:00-
12:00 Cavalcanti Swann Swann Oancea Tralle

12:15-
13:15 Gurel Cavalcanti Oancea Usher Eynard

Lunch Lunch Lunch Lunch Lunch
15:00-
16:00 Oancea Sepe Vertesi Cavalcanti

16:30-
17:30 Nemirovski Posters Bazzoni

(16:15-
18:30)

Dinner

The list of abstracts is available here.

The three-lecture courses will be:

Gil Cavalcanti (Universiteit Utrecht): Constructions of generalized
complex structures.

In these lectures I will introduce/review the concept of generalized complex
structures and focus on ways of constructing generalized complex manifolds. I hope I
will be able to cover some of the following constructions: T-duality, generalized
complex surgery and reduction.

Alexandru Oancea (CNRS, Strasbourg): Relationship between
symplectic homology and linearized contact homology.

The goal of the lecture course is to present the way in which linearized contact
homology (LCH) and symplectic homology (SH) are isomorphic theories, within the
setup of contact manifolds endowed with an exact symplectic filling. The two main
statements that I shall prove are the following : (i) LCH is isomorphic to the S1-
equivariant version of SH; (ii) there is a Gysin long exact sequence relating the

http://www.ciem.unican.es/
http://www.staff.science.uu.nl/%7Ecaval101/homepage/Home.html
http://www-irma.u-strasbg.fr/%7Eoancea/
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equivariant and the non-equivariant theory. The lecture course is based on joint work
with Frédéric Bourgeois.

Andrew Swann (SDU, Odense and Aarhus Universitet): Moment
maps and the geometry of three-forms.

The lectures will discuss geometries with a closed three-form. These are less uniform
than symplectic geometries. Nevertheless, there is a useful notion of multi-moment
map for symmetries of such geometries (developed in joint work with Thomas Bruun
Madsen). The lectures will discuss the basic geometries and construction of multi-
moment maps, describe a distinguished class of symmetry groups and apply multi-
moment maps to relate seven-manifolds with holonomy in G_2 and T^2-symmetry to
coherent triples of symplectic structures on four-manifolds.

Besides the courses, there will be lectures by:

Giovanni Bazzoni (ICMAT, CSIC): Classification of minimal algebras over any
field up to dimension 6.

Hélène Eynard-Bontemps (Jussieu): Homotopy of codimension one foliations on
3-manifolds.

Paolo Ghiggini (Nantes): From Heegaard Floer to embedded contact homology
via open book decompositions.

Basak Gurel (Vanderbilt): On the periodic orbits of Hamiltonian systems
hyperbolic quadratic at infinity.

Ely Kerman (Illinois): Resonance and the periodic points of area-preserving
diffeomorphisms of the sphere.

Stefan Müller (KIAS): Topological character of smooth invariants and
topologically conjugate smooth dynamical systems.

Stefan Nemirovski (Ruhr): Lorentz Geometry and Contact Topology. 

Sheila Sandon (Nantes): On existence of translated points for
contactomorphisms. 

Daniele Sepe (U. Leicester): Lagrangian bundles and affinely flat geometry.

Aleksy Tralle (U. Warmia and Mazuria): On the group of hamiltonian
symplectomorphisms and a conjecture of Reznikov.

Michael Usher (Georgia): The diameters of Hofer's metrics on Lagrangian
submanifolds and Hamiltonian diffeomorphisms.

Vera Vertesi (MIT): A "true" transverse invariant in Heegaard Floer homology.

And the poster session on Tuesday 28 will feature the following
posters, which will be introduced by their authors:

http://www.imada.sdu.dk/%7Eswann/
http://www.math.jussieu.fr/%7Eheynardb/
http://www.math.sciences.univ-nantes.fr/%7Eghiggini/
http://www.math.vanderbilt.edu/%7Egurelzb/
http://www.math.uiuc.edu/%7Eekerman/
http://www.ruhr-uni-bochum.de/ffm/Lehrstuehle/Huckleberry/nemirov.html
http://www.math.uga.edu/%7Eusher/
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16:15. Lino Grama (UNICAMP): Equigeodesics on generalized flag manifolds.

16:35. Silvia Sabatini (EPF Lausanne): A necessary condition for $S^1-
$Hamiltonian actions with isolated fixed points.

16:55. Romero Solha (UPC): Foliated cohomology and geometric quantisation of
integrable systems.

17:15. Marco Zambon (UAM): Moment map up to homotopy. 

Last updated on 2011/8/12.
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These are the people who have registered by May, 25 to participate
in Gesta 2011:

Jaume Amorós (U. Politècnica de Catalunya)
Jaime Arboleda (Consejo Sup. Inv. Científicas)
Romero Barbieri Solha (U. Politècnica de Catalunya)
Marta Batoréo (U. of California, Sta.Cruz)
Giovanni Bazzoni (ICMAT, CSIC)
Andratx Bellmunt (U. Barcelona)
Hector Castejón Díaz (U. Politècnica de Catalunya)
Marco Castrillón López (U. Complutense de Madrid)
Gil Cavalcanti (U. Utrecht)
Vincent Colin (U. Nantes)
Viviana del Barco (U. Nacional del Rosario)
Viviana Alejandra Díaz (U. Nacional del Sur)
Jacqueline Espina (U. Of California)
Fernando Etayo (U. Cantabria)
Hélène Eynard-Bontemps (Jussieu)
M. Luisa Fernández (U. País Vasco)
Paolo Ghiggini (U. Nantes)
Viktor Ginzburg (U. of California)
Lino Grama (U. of Campinas-UNICAMP)
Basak Gurel (Vanderbilt U.)
Yusuf Gören (UC Sta. Cruz)
Doris Hein (U. of California, Sta. Cruz)
Ramón Horvath (Upsala U.)
Ely Kerman (U. of Illinois)
Ignacio Luján (U. Complutense de Madrid)
Óscar Maciá (U. Valencia & P. Torino)
Víctor Manero García (U. País Vasco)
Javier Martínez Martínez (U. Complutense de Madrid)
Maksim Maydanskiy (U. Cambridge)
Eva Miranda (U. Politècnica de Catalunya)
Stefan Müller (Korea Inst. for Advanced Study)
Stefan Nemirovski (Ruhr)
Alexandru Oancea (CNRS)
Francisco Presas (Consejo Sup. Inv. Científicas)
Silvia Sabatini (EPFL)
Sheila Sandon (U. Nantes)
Daniele Sepe (U. Leicester)
Pablo Suárez Serrato (U. Politècnica de Catalunya)
Andrew Francis Swann (SDU, Odense and Aarhus U.)
Jonathan Sánchez Hernández (U. Complutense de Madrid)
Aleksy Tralle (U. of Warmia and Mazury in Olsztyn)
Michael Usher (U. of Georgia)

http://www.ciem.unican.es/
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Vera Vértesi (MIT)
Marco Zambon (U. Autónoma Madrid)

Last updated on 2011/7/6.
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The journal Geometriae Dedicata will devote an issue to the
conference topics. It will be edited by Oscar García-Prada,
Viktor Ginzburg, William Goldman, Eva Miranda and Vicente
Muñoz.

All participants are welcome to send contributions for this
special issue. These will be peer reviewed, according to the
standards of the journal.

Submission of papers should be done through the website of
Geometriae Dedicata. You should add the comment: "Special
volume on Gesta 2011 Conference" and choose O. García-
Prada or W. Goldman as editor in charge.

The deadline for submission will be 30 October, 2011.

Last updated on 2011/7/13.

http://www.ciem.unican.es/
http://www.springer.com/mathematics/geometry/journal/10711
http://www.editorialmanager.com/geom/
http://www.editorialmanager.com/geom/
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How to register for the meeting (deadline: 15th June 2011):

1. Fill the registration form (electronically on the Word file, or on
paper by printing the pdf version).

2. Send the filled form to AFID Congresos: Word file/electronic scans
by e-mail to esther@afidcongresos.com or paper copy by fax to +34
942 318653.
To pay by wire transfer: send it stating the reference GESTA2011+
participant's full name to the account of AFID CONGRESOS, S.L.,
at 

BANCO SANTANDER, SWIFT CODE: BSCH ESMM.
IBAN number ES76 0049 5400 4421 1617 3443.
Mail address: Banco de Santander, P. de Pereda 9, 39004 Santander,
Spain.

Please adjoin copy of the transfer receipt to your registration form,
or send it separately to AFID Congresos as specified above if you
registered earlier.

3. AFID Congresos will confirm detailed receipt of your registration,
accomodation and transportation choices after booking (allow for a
few days' wait).

A legal warning from our sponsor: This meeting is financially supported by
the European Science Foundation (ESF), so its participants will be
included in a list of supported scientists kept by ESF for internal use.

Last updated on 2011/6/17.

http://www.ciem.unican.es/
http://www.upc.edu/gesta/GESTA_2011_registrationform.doc
mailto:esther@afidcongresos.com
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The Gesta 2011 meeting will take place at the Centro Internacional de
Encuentros Matemáticos (CIEM), in Castro Urdiales (Spain).

Here is a sheet with the schedule and key locations for the workshop and a map
of Castro Urdiales featuring the latter.

If you are travelling on your own, you may check the CIEM instructions on how
to get there, or its location at Google maps.

You may also consider the offer from the company servicing the meeting:

AFID CONGRESOS offers you the possibility of organizing all your travel
arrangements such as flight tickets or airport pick-ups. 
The procedure is that we email you a flight itinerary according to your
necessities (dates, timetables, departure and arrival places) and if it is ok for
you, we issue your electronic ticket. We always get the best deal! 
Also, AFID CONGRESOS copes with the taxi drivers to arrange your pick up at
the airport and drop you off at your hotel in Castro Urdiales and viceversa. The
services of issuing the flight tickets and the organisation of the transfers can be
taken together or separately. 
For any further information about this matter, please contact us on (+34)
942318180 or email at esther@afidcongresos.com.

Last updated on 2011/6/26.

http://www.ciem.unican.es/
http://www.ciem.unican.es/
http://www.ciem.unican.es/
http://www.ciem.unican.es/node/22
http://www.ciem.unican.es/node/20
http://www.ciem.unican.es/node/20
http://maps.google.es/maps?f=q&source=s_q&hl=es&geocode=&q=calle+maria+aburto+4,+castro+urdiales&aq=&sll=43.339608,-3.259838&sspn=1.356344,2.466431&ie=UTF8&hq=&hnear=Calle+de+Mar%C3%ADa+Aburto,+4,+39700+Castro-Urdiales,+Cantabria&ll=43.376807,-3.214534&spn=0.0204,0.038538&z=15
mailto:%20esther@afidcongresos.com
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The scientific committee of this GESTA meeting is formed by

Vincent Colin (Université de Nantes)
Maria Luisa Fernández (Universidad del País Vasco)
Viktor Ginzburg (University of California at Santa Cruz)
David Martínez-Torres (Instituto Superior Técnico, Lisboa)
Vicente Muñoz (Universidad Complutense de Madrid)

The organizing committee consists of

Jaume Amorós (Universitat Politècnica de Catalunya)
Fernando Etayo (Universidad de Cantabria)
Eva Miranda (Universitat Politècnica de Catalunya)
Francisco Presas (Consejo Superior de Investigaciones
Científicas)

Last updated on 2011/5/28.

http://www.ciem.unican.es/
http://www.math.sciences.univ-nantes.fr/membres/vincent-colin
http://math.ucsc.edu/%7Eginzburg/
http://www.math.ist.utl.pt/%7Emartinez/intro.html
http://www.mat.ucm.es/%7Evmunozve/index.html
http://www.ma1.upc.edu/%7Eamoros/
http://www.ma1.upc.edu/%7Emiranda/
http://www.mat.csic.es/fichapersonal.php?id=22
http://www.mat.csic.es/fichapersonal.php?id=22
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The Gesta 2011 meeting is sponsored by:

CIEM (Centro Internacional de Encuentros Matemáticos).
IMATH.
Ayuntamiento de Castro Urdiales.
ESF network CAST (Contact and Symplectic Topology).
Universidad de Cantabria.
Red Española de Análisis Geométrico.
The GMC network.
Secretaría de Estado de Investigación, Desarrollo e Innovación, Ministerio de Economía y Competitividad. Acción Complementaria
MTM2011-13539-E.

Last updated on 2012/2/21.

http://www.ciem.unican.es/
http://www.ciem.unican.es/
http://www.i-math.org/?q=en
http://www.castro-urdiales.net/
http://www.esf.org/activities/research-networking-programmes/physical-and-engineering-sciences-pesc/current-research-networking-programmes/contact-and-symplectic-topology-cast.html
http://www.unican.es/index.html
http://www.ugr.es/~reag/
http://www.gmcnetwork.org/
http://www.idi.mineco.gob.es/portal/site/MICINN/
http://www.ciem.unican.es/
http://www.i-math.org/?q=en
http://www.castro-urdiales.net/
http://www.esf.org/
http://www.unican.es/index.html
http://www.ugr.es/~reag/
http://www.gmcnetwork.org/
http://www.idi.mineco.gob.es/portal/site/MICINN/
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The registration of participants for the meeting is open.

For queries about the academic aspects of the meeting, please
contact the organizing committee at gesta2011@gmail.com

For queries about hotel bookings and transportation, please contact
AFID Congresos (cite GESTA 2011 in your query).

Last updated on 2011/5/28.

http://www.ciem.unican.es/
mailto:gesta2011@gmail.com
http://www.afidcongresos.com/
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Let (M,ω) be a symplectic manifold.

A smooth function H : [0,1]×M → R (compactly supported in

int(M) if M is open) gives rise to a time-dependent Hamiltonian

vector field XH by requiring ω(·,XH) = dMH, and then to a

Hamiltonian flow {φ t
H}t∈[0,1].

Write

Ham(M,ω) = {φ ∈ Diff(M)|φ = φ1
H for some H}.

So Ham(M,ω) is an infinite-dimensional subgroup of the

symplectomorphism group of (M,ω).
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For H : [0,1]×M → R define

osc(H) =
∫ 1

0

(

max
M

H(t, ·)−min
M

H(t, ·)

)

dt.

Then if φ ∈ Ham(M,ω) let

‖φ‖ = inf
{

osc(H)|φ = φ1
H

}

and if ψ ,φ ∈ Ham(M,ω) let

d(φ ,ψ) = ‖ψ−1φ‖.
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Easy Theorem

d satisfies, for any α ,φ ,ψ ∈ Ham(M,ω):

d(φ ,ψ) = d(ψ ,φ)

d(α ,ψ) ≤ d(α ,φ)+d(φ ,ψ)

d(αφ ,αψ) = d(φα ,ψα) = d(φ ,ψ)

Hard Theorem (Hofer, Lalonde–McDuff)

On any (M,ω), we have

d(φ ,ψ) = 0 ⇔ φ = ψ .

Thus d defines a bi-invariant metric on Ham(M,ω).
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We still know relatively little about the global geometry of

Ham(M,ω).

For instance, given a path γ : [0,1] → Ham(M,ω), there is work

of Bialy–Polterovich, Lalonde–McDuff and others which can tell

when γ, or at least a short segment of γ, is length-minimizing

among nearby paths, but we do not have many tools to tell

whether γ is length-minimizing over all paths with given

endpoints.

Relatedly, the following question is still open (the answer is

expected to be no):

Question

Are there any (M,ω) such that the diameter of the Hofer metric is

finite?
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Nearly all of the closed (M,ω) for which Ham(M,ω) was known

to have infinite diameter are covered by a 2008 theorem of

McDuff1 (though many special cases were proven earlier, e.g. by

Lalonde–Mcduff, Schwarz, Entov–Polterovich...); roughly

speaking the theorem implies infinite diameter when (M,ω)
either:

has minimal Chern number large in comparison to dimM

(e.g., M = CPn)

has few nonvanishing genus-zero Gromov–Witten

invariants (e.g., symplectically aspherical or negatively

monotone manifolds, at least under a mild topological

hypothesis)

1in “Monodromy in Hamiltonian Floer theory”
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Roughly speaking, McDuff’s argument goes by combining:

A construction of Ostrover, valid on any closed (M,ω), of a

path {φt}t∈[0,∞) so that the lift {φ̃t} to the universal cover

has d̃(φ̃0, φ̃t) → ∞ with respect to the natural lifted metric;

A proof that, on the class of manifolds covered by her

theorem, certain functions on H̃am(M,ω) (“asymptotic

spectral invariants”) which give Ostrover’s lower bounds for

d̃(φ̃0, φ̃t) actually descend to functions on Ham(M,ω) and so

give lower bounds (tending to ∞) for d(φ0,φt).

The proof involves difficult calculations relating to the Seidel

representation of π1(Ham(M,ω)) on quantum homology.

McDuff shows that if one even just slightly weakens the

hypotheses then the asymptotic spectral invariants can fail to

descend, so the argument will not work.
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Here is a new criterion for infinite Hofer diameter:

Theorem (U.)

Suppose that a closed symplectic manifold (M,ω) admits a

nonconstant autonomous Hamiltonian H : M → R such that all

contractible periodic orbits of XH are constant. Then the diameter

of Ham(M,ω) is infinite. In fact, there is a homomorphism

Φ : R∞ → Ham(M,ω)

such that, for all v,w ∈ R∞,

‖v−w‖ℓ∞ ≤ d(Φ(v),Φ(w)) ≤ osc(v−w).

(To the second part compare a 2007 result of Py, which showed

that in the special case that M contains a π1-injective Lagrangian

submanifold which admits a metric of nonpositive curvature,

Ham(M,ω) contains quasi-isometrically embedded copies of RN

for all N.)
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There are plenty of examples of manifolds satisfying the

hypothesis, for instance:

Any positive genus surface Σ, as well as many examples

built out of Σ such as symplectic fiber bundles over Σ and

(at least for many Kähler forms constructed by Perutz)

symmetric products of Σ. In these cases the nontrivial orbits

of XH go around noncontractible loops.

(U. 2011) Many symplectic four-manifolds with b+ > 1 (e.g.

the K3 surface, elliptic surfaces E(n)p,q (n ≥ 2), Gompf’s

manifolds XG with π1 = G for any finitely-presented G....)

with irrational symplectic forms. In these cases the

nontrivial orbits go along irrational lines on 3-tori.

Products of any of the above with any other symplectic

manifold, and blowups of the above.
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Let (M,ω) be tame (i.e. it can be noncompact but with

reasonable behavior at infinity), and let L0 ⊂ M be a closed

Lagrangian submanifold.

Let

L (L0) = {φ(L0)|φ ∈ Ham(M,ω)}

be the orbit of L0 (as an unparametrized submanifold) under

Ham(M,ω).
Chekanov showed that if for L,L′ ∈ L (L0) we put

δ (L,L′) = inf{‖φ‖|φ ∈ Ham(M,ω), φ(L) = L′},

then δ is a metric on L (L0).
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There are not many results about the diameter of this metric.

For L0 equal to the zero section of the cotangent bundle work of

Oh and Milinković implies that the diameter is infinite.

Khanevsky proved infinite diameter for

L0 = S1 ×{0} ⊂ S1 × (−1,1), and noted that methods of

Lalonde–McDuff imply infinite diameter when L0 is a

noncontractible curve on a closed surface. Leclercq gave

another approach to infinite diameter for the meridian on the

torus, and his methods probably could be extended to linear

Lagrangian Tn ⊂ T2n and a few other cases.

Unlike the case of Ham(M,ω) one should not expect L (L0) to

always have infinite diameter—indeed it shouldn’t be too hard

to prove that the diameter is finite for L0 equal to a circle in R2.
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If (M,ω) is a closed symplectic manifold, let

(P,Ω) = (M×M,(−ω)×ω). Then where ∆M ⊂ P is the diagonal,

we have an embedding

Ham(M,ω) →֒ L (∆M)

φ 7→ Γφ = graph(φ).

Theorem (U.)

Let (M,ω), as in the previous theorem, be a closed symplectic

manifold admitting an autonomous Hamiltonian all of whose

contractible periodic orbits are constant. Then the same

homomorphism Φ : R∞ → Ham(M,ω) from earlier again obeys

‖v−w‖l∞ ≤ δ (ΓΦ(v),ΓΦ(w)) ≤ osc(v−w).

Contrast: Ostrover showed that his path {φt}t∈[0,∞) which goes

to ∞ in H̃am (and also in Ham for the manifolds in McDuff’s

theorem) have the property that δ (∆M,Γφt) is constant.
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Now where S1 = R/Z, let M0 = S1 ×R or S1 ×S1, and for

f : S1 → R let Lf = {(t, f ′(t))|t ∈ S1} (or its projection to S1 ×S1).

Given m ∈ Z+ let

C∞
m(S1,R) = {f ∈ C∞(S1,R)|(∀t)(f(t+1/m) = f(t))}.

Theorem

Let L ⊂ M be a Lagrangian submanifold of another symplectic

manifold such that the Floer homology HF(L,L) is well-defined and

nonzero. Thena in the space L (L0 ×L), for all f ,g ∈ C∞
m where

m ≥ 2 we have

δ (Lf ×L,Lg ×L) ≥ osc(f −g)−C

for some C ≥ 0, with C = 0 if HF(L,L) ∼= H∗(L).

aassuming a Künneth formula for Lagrangian Floer complexes, which is

well-known in the monotone case and is the subject of work in progress by

Amorim in much greater generality in the Fukaya–Oh–Ohta–Ono setup
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Theorem

Let L ⊂ M be a Lagrangian submanifold of another symplectic

manifold such that the Floer homology HF(L,L) is well-defined and

nonzero. Then in the space L (L0 ×L), for all f ,g ∈ C∞
m where

m ≥ 2 we have

δ (Lf ×L,Lg ×L) ≥ osc(f −g)−C

for some C ≥ 0, with C = 0 if HF(L,L) ∼= H∗(L).

So paths of form t 7→ Ltf ×L are globally length-minimizing for

all time if HF(L,L) ∼= H∗(L).
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Hamiltonian Floer theory results from formally doing Morse

theory on a cover of the loopspace L M of a symplectic manifold

(M,ω), for the action functional

AH([γ,v]) = −
∫

[0,1]×S1
v∗ω +

∫ 1

0
H(t,γ(t))dt.

Critical points are those [γ,v] where the loop γ : S1 → M is a

flowline of the Hamiltonian vector field, and so φ1
H(γ(0)) = γ(0).
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Lagrangian Floer theory for two Hamiltonian-isotopic

Lagrangians L and (φ1
H)−1(L) results from formally doing Morse

theory on a cover of the space P(L,L) of paths from L to itself,

for the action functional

AH([γ,v]) = −
∫

[0,1]2
v∗ω +

∫ 1

0
H(t,γ(t))dt.

Again, critical points are those [γ,v] where the path

γ : ([0,1],∂ [0,1]) → (M,L) is a flowline of the Hamiltonian

vector field, and so γ(0) ∈ L∩ (φ1
H)−1(L).

Below we will always assume that HF(L,L) is well-defined, and

that we have already fixed a specific relative spin structure and

bounding cochain, if necessary.
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In either case, one forms a Floer complex CF(H) which, as a

vector space, consists of certain formal linear combinations

∑
[γ,v]∈Crit(AH)

a[γ,v][γ,v]

and defines the boundary operator by counting appropriate

negative gradient flowlines of AH.

If c = ∑a[γ,v][γ,v] ∈ CF(H), define

ℓ(c) = max{AH([γ,v])|a[v,w] 6= 0}.

Because AH decreases along its gradient flowlines, for any λ ∈ R

the subgroups

CFλ (H) = {c ∈ CF(H)|ℓ(c) ≤ λ}

are preserved by the boundary operator—hence they provide a

R-valued filtration on CF(H).
While the homology of CF(H) is independent of H, the behavior

of this filtration depends on H in interesting ways.
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The boundary depth of CF(H) is

β (CF(H))= inf
{

β ≥ 0
∣

∣

∣
(∀λ ∈ R)

(

CFλ (H)∩ (Im∂ ) ⊂ ∂ (CFλ+β (H))
)}

.

Said differently,

β (CF(H)) =

{

0 if ∂ = 0

sup06=x∈Im∂ inf{ℓ(y)− ℓ(x)|∂y = x} otherwise

Key Lemma

In the Hamiltonian case, β (CF(H)) depends only on the

time-one map φ = φ1
H, not on the specific Hamiltonian

function generating it.

In the Lagrangian case, β (CF(H)) depends only on the

unparametrized Lagrangian submanifold L′ = (φ1
H)−1(L), not

on the particular Hamiltonian whose flow maps L to L′.
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Key Lemma

In the Hamiltonian case, β (CF(H)) depends only on the

time-one map φ = φ1
H, not on the specific Hamiltonian

function generating it.

In the Lagrangian case, β (CF(H)) depends only on the

unparametrized Lagrangian submanifold L′ = (φ1
H)−1(L), not

on the particular Hamiltonian whose flow maps L to L′.

In both cases, the point is that changing the choice of H results

in a uniform shift of the filtrations of all of the elements of the

Floer complex; since the boundary depth measures the

difference between filtration levels it is unaffected.

For φ ∈ Ham(M,ω) write β (φ) for β (CF(H)) whenever φ = φ1
H,

and similarly for L′ ∈ L (L) write βL(L
′) for β (CF(H)) whenever

(φ1
H)−1(L) = L′
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Proposition

For φ ,ψ ∈ Ham(M,ω) we have |β (φ)−β (ψ)| ≤ d(φ ,ψ).

For L1,L2 ∈ L (L) we have |βL(L1)−βL(L2)| ≤ δ (L1,L2).

β (1M) = 0.

If HF(L,L) = H∗(L) then βL(L) = 0. Otherwise, βL(L) is, for

any J, equal to at least the minimal area of a J-holomorphic

sphere or disc with boundary on L.

In particular, in the Hamiltonian case or in the Lagrangian case

where HF(L,L) = H∗(L), we conclude that β (φ) ≤ ‖φ‖ and

βL(L
′) ≤ δ (L,L′) (and in any event βL(L

′)−βL(L) ≤ δ (L,L′)). Thus

we can use β (which is obtained from a specific Hamiltonian

function) as a lower bound for the Hofer distance. To prove

infinite diameter it suffices to find one sequence Hn so that

β (CF(Hn)) → ∞.
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Proposition

For φ ,ψ ∈ Ham(M,ω) we have |β (φ)−β (ψ)| ≤ d(φ ,ψ).

For L1,L2 ∈ L (L) we have |βL(L1)−βL(L2)| ≤ δ (L1,L2).

β (1M) = 0.

If HF(L,L) = H∗(L) then βL(L) = 0. Otherwise, βL(L) is, for

any J, at least equal to the minimal area of a J-holomorphic

sphere or disc with boundary on L.

Note that one can read off Chekanov’s theorem on displacement

energy of Lagrangian submanifolds (at least when HF(L,L) is

well-defined) from the last part, since if L∩L′ = ∅ then

βL(L
′) = 0. (If you unpack the proofs of the various lemmas,

though, you realize that this isn’t actually a new proof in view of

similar arguments by e.g. Cornea–Lalonde.)
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Other useful properties

If φ ∈ Ham(M,ω) then

β∆M
(Γφ ) = β (φ).

Suppose that HF(L1,L1) 6= 0. Then for K0 ∈ L (L0) and

K1 ∈ L (L1), assuming a Künneth formula we have

βL0×L1
(K0 ×K1) ≥ βL0

(K0).

For Lf = {(t, f ′(t))|t ∈ S1} ⊂ S1 ×R or S1 ×S1, we have

β (Lf ) ≥ βMorse(f),

where βMorse(f) is the boundary depth of the Morse complex of

f : S1 → R.
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The final two points on the last slide reduce the proof of infinite

diameter for L (S1 ×L) when HF(L,L) 6= 0 to a calculation of the

boundary depth for Morse functions on S1.

A Morse function on S1 has maxima p1, . . . ,pr, minima q1, . . . ,qr,

and the Morse boundary operator is given by

∂pi = qi −qi−1

(where subscripts are evaluated mod r, so ∂p1 = q1 −qr)
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∂pi = qi −qi−1

ker∂ = 〈∑pi〉

Im∂ = 〈∑niqi|∑ni = 0〉

β (f) = sup
06=x∈Im∂

inf{ℓ(y)− ℓ(x)|∂y = x}
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In this case x := q2 −q1 has primitives y0 = p2 and

y1 = −p1 −p3. So

inf{l(y)− l(x)|∂y = x} = f(p2)− f(q1)

(and taking the sup over x one finds that this is indeed the value

of β).
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Proposition

For any Morse function f : S1 → R, βMorse(f) is equal to

sup

{

min{f(w), f(y)}−max{f(x), f(z)}

∣

∣

∣

∣

w,x,y,z are in

cyclic order on S1

}
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Proposition

For any Morse function f : S1 → R, βMorse(f) is equal to

sup

{

min{f(w), f(y)}−max{f(x), f(z)}

∣

∣

∣

∣

w,x,y,z are in

cyclic order on S1

}

So βMorse(f) detects the presence of linked copies C0,C1 of S0 in

S1 such that f |C0
> f |C1

. There exists a higher-dimensional

generalization of this.

The theorem about the diameter of L (S1 ×L) quickly follows: if

f is periodic of period 1/m with m ≥ 2 then we can take w and y

equal to successive global maxima and x and z equal to

successive global minima to see that in this case

βMorse(f) = max f −min f .
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Let H : M → R be a nonconstant autonomous Hamiltonian so

that all contractible periodic orbits of XH are constant.

The boundary depth may do a very poor job of estimating ‖φ1
H‖,

but for suitably chosen f : R → R it does quite well with ‖φ1
f◦H‖.

WLOG assume that ImH contains [0,1] and that all points in

[0,1] are regular values.
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For f : R → R with compact support in ]0,1[, define

minmax f = inf{f(t)|t is a (maybe not strict) local maximum of f}.

(So minmax f ≤ 0.)

Theorem

For f and H as above,

β (φ1
f◦H) ≥ minmax f −min f .
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Theorem

For f and H as above,

β (φ1
f◦H) ≥ minmax f −min f .

The idea of the proof is that, if f(t0) = min f , the Floer complex

of a (well-chosen) C0-perturbation of f ◦H will coincide with its

Morse complex, which will in turn have a cycle representing the

fundamental class of H−1(t0) at filtration level approximately

min f .

This cycle must be a boundary because H−1(t0) bounds in M,

but it can’t be the boundary of anything with filtration level

smaller than approximately minmax f .

In particular it follows that if f ≤ 0 and f has no negative local

maxima then

‖φ1
f◦H‖ = β (φ1

f◦H) = osc(f).
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To get the quasi-isometrically embedded copy of R∞, associate

to (v1,v2, . . .) the Hamiltonian f~v ◦H where the graph of f~v looks

like:

v

v

v

v

1

2

3

4

. . .

(One also uses a duality theorem saying that β (φ) = β (φ−1).)
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GESTA 2011 MEETING
Castro Urdiales 2011/6/27-2011/7/1

Abstracts for the courses:

Cavalcanti, Gil Ramos
//
Constructions of generalized complex structures
//
In these lectures I will introduce/review the concept of
generalized complex structures and focus on ways of constructing generalized
complex manifolds. I hope I will be able to cover some of the following
constructions: T-duality, generalized complex surgery and reduction.
//

Oancea, Alexandru
//
Relationship between symplectic homology and linearized contact homology
//
The goal of the lecture course is to present the way in
which linearized contact homology (LCH) and symplectic homology (SH)
are isomorphic theories, within the setup of contact manifolds endowed
with an exact symplectic filling. The two main statements that I shall
prove are the following : (i) LCH is isomorphic to the S1-equivariant
version of SH; (ii) there is a Gysin long exact sequence relating the
equivariant and the non-equivariant theory. The lecture course is
based on joint work with Frédéric Bourgeois.
//

Swann, Andrew   
//
Moment maps and the geometry of three-forms
//
The lectures will discuss geometries with a closed three-form.  These
are less uniform than symplectic geometries.  Nevertheless, there is a
useful notion of multi-moment map for symmetries of such geometries
(developed in joint work with Thomas Bruun Madsen).  The lectures will
discuss the basic geometries and construction of multi-moment maps,
describe a distinguished class of symmetry groups and apply
multi-moment maps to relate seven-manifolds with holonomy in G_2 and
T^2-symmetry to coherent triples of symplectic structures on
four-manifolds.
//

Abstracts for the lectures:

Bazzoni, Giovanni
//
Classification of minimal algebras over any field up to dimension 6
//
In this talk we sketch the classification of minimal algebras generated in degree 1, defined over 
any field k of characteristic different from 2, up to dimension 6. This recovers the classification 
of nilpotent Lie algebras over k up to dimension 6. If the field k has characteristic zero, we 
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obtain the classification of nilmanifolds of dimension less than or equal to 6, up to k-homotopy 
type. We will see that the algebraic setting of the proof provides interesting features on the 
(algebraic) topological part.

This is joint work with Vicente Muñoz.
//

Eynard, Hélène 
//
Homotopy of codimension one foliations on 3-manifolds.
//
In 1969, J. Wood showed that any plane field on a closed 3-manifold can
be deformed into the tangent plane field to a foliation. We will present
a one-parameter version of this result: if two C^∞ foliations have
homotopic tangent plane fields, they can be connected by a path of C^1
foliations.
//

Ghiggini, Paolo 
//
From Heegaard Floer to embedded contact homology via open book decompositions
//
Heegaard Floer homology and embedded contact homology are invariants
for smooth three-manifolds defined via symplectic geometry. After
breafly recalling the definition of both, I will sketch the
construction of an isomorphism between the two.
//

Gurel, Basak
//
On the periodic orbits of Hamiltonian systems hyperbolic quadratic at infinity
//
A general, but not universal, feature of Hamiltonian systems is that
such systems tend to have numerous periodic orbits. For example, the
number of periodic orbits is infinite, i.e., the Conley conjecture
holds, for any Hamiltonian diffeomorphism of a closed, symplectically
aspherical manifold. On the other hand, it is easy to see that the
conjecture fails for a general symplectic manifold such as the two
dimensional sphere or the Euclidean space.

One variant of the Conley conjecture asserts that the number of
periodic orbits of a Hamiltonian diffeomorphism is infinite, provided
that the map has more fixed points than absolutely necessary. For
instance, Franks and Handel proved that this is the case for the two
dimensional sphere. We consider this question for a certain class of
Hamiltonian systems on the Euclidean space. Namely, we prove that a
compactly supported perturbation of a hyperbolic quadratic form has
infinitely many periodic orbits, provided that it has a one-periodic
orbit which is homologically essential in a certain sense. In this
talk, we will discuss this work-in-progress.
//

Kerman, Ely
//
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Resonance and the periodic points of area-preserving diffeomorphisms of
the sphere
//
A remarkable theorem by John Franks asserts that every area-preserving
diffeomorphism of the sphere has either two or infinitely many periodic
points. In this talk I will describe a Floer theoretic proof of this
result. More precisely, Franks' theorem is recovered under some
additional nondegeneracy assumptions, and it is strengthened through the
detection of new restrictions on the periodic points which can occur in
area-preserving diffeomorphisms with only two such points. This is
joint work with B. Collier, B. Reiniger, B. Turmunkh, and A. Zimmer.
//

Mueller, Stefan 
//
Topological character of smooth invariants and 
topologically conjugate smooth dynamical systems
//
Suppose one is given an invariant of smooth vector fields that takes the same value on X and 
\phi_* X for any C^1-diffeomorphism \phi. Is  this invariant also invariant under topological 
conjugation, and is it possible to extend the invariant to isotopies of homeomorphisms (at least 
in the presence of some additional geometric structure that is preserved)? V. I. Arnold originally 
posed this question for the helicity of a divergence-free vector field on a (closed) three-
manifold. A natural question in this context is whether it is possible for two smooth vector 
fields to be topologically conjugate but not C^1-smoothly so.
For Hamiltonian and (strictly) contact vector fields, we give an affirmative answer to both 
questions (for many such invariants). The proofs are based on C^0-symplectic and contact 
topology, and this talk will survey these new tools.
//

Sandon, Sheila
//
On existence of translated points for contactomorphisms
//
A point p in a contact manifold is called a translated point for a
contactomorphism \phi with respect to a fixed contact form if p and
\phi(p) belong to the same Reeb orbit and if the contact form is preserved
at p. In my talk I will discuss the problem of existence of translated
points, and its relation with the Arnold conjecture, the chord conjecture
and the problem of leafwise coisotropic intersections. If I will have the
time I will also explain how to use generating functions techniques to
study this problem for contactomorphisms of the euclidean space, the
sphere and the projective space.
//

Sepe, Daniele
//
Lagrangian bundles and affinely flat geometry
//
Lagrangian fibrations arise naturally in various areas of symplectic geometry, including 
Hamiltonian mechanics and mirror symmetry. Their topology and geometry encode information 
about the dynamics of completely integrable Hamiltonian systems, which are characterised by 
the existence of sufficiently many distinct constants of motion. These fibrations are entwined 
with affinely flat geometry, which studies manifolds equipped with an atlas whose changes of 
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coordinates are constant affine transformations of R^n. In this talk, I shall illustrate how deep 
this relation goes by concentrating on the case of Lagrangian bundles, i.e. when all fibres are 
diffeomorphic. As a consequence of the Liouville-Mineur-Arnol`d theorem, the fibres and base 
space of a Lagrangian bundle are affinely flat manifolds. The affinely flat geometry of the 
former allows to classify these bundles topologically by constructing universal Lagrangian 
bundles. However, this classification is not sufficient to solve the problem of constructing an 
appropriate symplectic form on the total space of bundles which topologically "look" 
Lagrangian, as there is a cohomological obstruction class constructed by Dazord and Delzant. 
Using the topology of universal Lagrangian bundles, I shall describe this cohomology class in 
terms of an important affine invariant of the base space, called the radiance obstruction, 
introduced by Goldman, Hirsch and Smillie in the '80s. Time permitting, I will illustrate the 
theory with some examples.
//

Tralle, Aleksy 
//
On the group of hamiltonian symplectomorphisms and a conjecture of Reznikov
//
In the talk I will present some recent results on the topology of
the group of hamiltonian symplectomorphisms of some compact homogeneous
spaces $K/H$. In particular, I will address to a conjecture of Reznikov
that the natural homomorphism from the cohomology of the classifying space
of  this group to the cohomology of the classifying space $BK$ is a
surjection. We prove that the conjecture is true generically for coadjoint
orbits of $K$ and find conterexamples. This is a joint work with S. Gal and
J. Kedra.
//

Vertesi, Vera
//
A "true" transverse invariant in Heegaard Floer homology
//
Using the language of Heegaard Floer knot homology recently two invariants were defined for 
Legendrian  knots. One in the standard contact 3-sphere defined by Ozsvath, Szabo and 
Thurston in the combinatorial settings of knot Floer homology, one by Lisca, Ozsvath, Stipsicz 
and Szabo in knot Floer homology for a general contact 3--manifold. Both of them naturally 
generalizes to transverse knots. In this talk I will give a characterization of the transverse 
invariant, similar to the one given by Ozsvath and Szabo for the contact invariant. Namely for 
transverse braids both transverse invariants are given as the bottommost elements with respect 
to the filtration of knot Floer homology given by the axis. The above characterization allows us 
to prove that the two invariants are the same in the standard contact 3--sphere.  This is a joint 
work with J. Baldwin and D.S. Vela-Vick.
//

Abstracts for the poster session:

Grama, Lino 
//
Equigeodesics on generalized flag manifolds
//
In this work we study homogeneous curves in generalized
flag manifolds with the additional property
that such curves are geodesics with respect to each invariant metric on
the flag manifold. These curves are called equigeodesics. We give an
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algebraic characterization for such curves and we exhibit families of
equigeodesics in several flag manifolds of classical and exceptional Lie
groups. This work is joint with Caio Negreiros and Nir Cohen.
//

Sabatini, Silvia
//
A necessary condition for $S^1-$Hamiltonian actions with isolated fixed points
//
(joint work with L. Godinho, IST) 
For every compact symplectic manifold $M$ with a Hamiltonian circle action and isolated
 fixed points, a simple algebraic identity involving the first Chern class is derived.
 When the manifold satisfies an extra ``positivity condition",
 this enables us to construct an algorithm to obtain linear relations among the isotropy
 weights at the fixed points. If $\dim(M)\leqslant 8$ and the number of fixed points is minimal,
 this algorithm quickly determines all the possible families of isotropy weights, simplifying
 the proofs due to Ahara and Tolman, and generalizing their results to $\dim(M)=8$.
 From the fixed set data, we are able to recover the equivariant cohomology ring
 and Chern classes of the manifold.
//

Solha, Romero 
//
Foliated cohomology and geometric quantisation of integrable systems
//
This poster shows an attempt to extend some results by Sniatycki, Guillemin and Sternberg in 
geometric quantisation considering regular fibrations as real polarisations to the singular 
setting. The generic real polarisations concerned here are given by integrable systems with 
nondegenerate (in the Morse-Bott sense) singularities. And the definition of geometric 
quantisation used is the one suggested by Kostant; via higher cohomology groups. The case of 
nondegenerate singularities was obtained in dimension 2 by Hamilton and Miranda and the 
completely elliptic case was considered by Hamilton in any dimension. The idea is to combine 
previous results of Miranda and Presas on a Künneth formula to reduce to the 2-dimensional 
case. One of the key tools used here is an extension of the results of Rawnsley on the Kostant 
complex. This is based on a joint work in progress with Eva Miranda.
//

Zambon, Marco
//
Moment map up to homotopy
//
We consider a manifold endowed with a closed 3-form
invariant under a Lie group action.
Assuming that the vector fields generating the action are hamiltonian
(in the sense of Baez-Rogers), we show that the action admits a
''moment map up to homotopy'', which is closely related to Masden's
and  Swann's multimoment maps. We provide some examples. Finally, we
put the above into perspective by briefly discussing general
''moment maps up to homotopy'' as well as "actions up to homotopy" on
Poisson manifolds.
//
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