Invitation to the Arbeitsgemeinschaft at Oberwolfach:

Arnold Conjecture and Floer Homology

organized by Dietmar Salamon and Matthias Schwarz October 8-12, 2001

Symplectic Geometry has seen a rapid development since the 80’s with the discovery of rigidity phenomena like the non-squeezing theorem based on Gromov’s seminal theory of pseudo-holomorphic curves. A directly related development was Floer’s method of using Morse theory in a new way, known as Floer homology, in order to solve the Arnold conjecture. In the 60’s Arnold formulated his conjecture based on Poincaré’s so-called “Last Geometric Theorem” proven by G. D. Birkhoff, about the existence of at least two fixed points of area preserving homeomorphisms of the annulus rotating the boundary circles in different directions. Arnold put his conjecture in the following terms, [A2]: Any Hamiltonian diffeomorphism of a compact symplectic manifold has at least as many fixed points as a smooth function on this manifold has critical points. Under the additional assumption that all fixed points are non-degenerate, a generic property, this conjecture was modified to # Fix ϕ ⩾ ∑ i rk H_i(M) .

Moreover, there is a corresponding variant in terms of intersections of Lagrangian submanifolds giving a priori lower bounds on the minimal number of intersection points provided that one Lagrangian is a Hamiltonian deformation of the other and meets some additional conditions. This variant is a direct generalization of the version for symplectic fixed points when considering the graphs of the Hamiltonian diffeomorphism and of the identity in the symplectic manifold (M × M, ω ⊕ (−ω)). For the symplectic fixed points, one can relate the non-degenerate Arnold conjecture to the Lefschetz fixed point theorem in the same way as Morse theory with the Poincaré-Hopf theorem. The Arnold conjecture for non-degenerate symplectic fixed points has now been proved in full generality. It was first confirmed by Eliashberg [E] for Riemann surfaces and then by Conley and Zehnder [CZ1] for the 2n-torus. In [G] Gromov proved the existence of at least one fixed point under the assumption π_2(M) = 0. The breakthrough came when Floer established the Arnold conjecture for Lagrangian intersections, and hence symplectic fixed points, again under the assumption π_2(M) = 0. In a series of papers [F1, F2, F3, F5] Floer combined the variational approach of 1

Conley and Zehnder with the elliptic techniques of Gromov and the Morse-Smale-Witten complex to develop his infinite dimensional approach to Morse theory which is now called Floer homology. This work culminated in the paper [F4], where Floer proved the non-degenerate Arnold conjecture for monotone symplectic manifolds. Floer’s proof was extended by Hofer-Salamon [HS] and Ono [Ono] to the weakly monotone case, and recently by Fukaya-Ono [FO], Liu-Tian [LT] to the general case.

Originally, Floer devised his homology groups as obtained from a chain complex generated by the fixed points in question. This first step is to prove the chain complex property. This established, the second step is to understand the homology of this complex and to show that it is isomorphic to the (co-)homology of the closed symplectic manifold, thus providing a posteriori the conjectured existence result for the fixed points. Subsequently, Floer homology has been shown to carry a plentitude of additional structures. In [Sch2], a natural ring structure, the so-called pair-of-pants product, was established and shown to give a Frobenius structure together with a non-degenerate pairing. In [PSS], this Frobenius structure was shown to be isomorphic to the (small) quantum cohomology ring of the symplectic manifold.

Floer homology does not only apply to Hamiltonian diffeomorphisms, but to general symplectic diffeomorphisms ϕ as was observed by Floer and taken up later by Dostoglou-Salamon [DS2, DS1] in connection with the Atiyah-Floer conjecture [S3] and by Seidel in his thesis [Se2]. Donaldson observed that the pair-of-pants product extends to a natural product structure ∪_F : HF (ϕ) ⊗ HF (ψ) → HF (ϕ ∘ ψ) and in the Lagrangian case to a product ∪_F : HF (L_0, L_1) ⊗ HF (L_1, L_2) → HF (L_0, L_2) defined in terms of holomorphic triangles. In his thesis Seidel discovered an exact sequence in Floer homology which can be interpreted as a symplectic version of Floer’s original exact sequence for Instanton Floer homology. As a result he was able to compute Floer homology groups in certain cases and use them to distinguish symplectic isotopy classes of symplectomorphisms and Lagrangian submanifolds. His work includes other remarkable applications related to Kontsevich’s homological mirror symmetry [K], referring to Fukaya’s. A_∞-categories [FS].

Floer homology is a currently rapidly developing area in symplectic geometry branching in different directions. We thus have been quite selective and decided to focus on the non-degenerate version of Arnold’s conjecture, aiming more at the recent development of new structures and applications rather than covering the ultimately general proof of the non-degenerate Arnold conjecture. Moreover, this program will not touch the Instanton Floer homology in the gauge-theoretical setting. The interested participant will find a beautiful treatment of this in Donaldson’s forthcoming book [D].

The Floer homology functor. One can think of Floer homology as a functor as follows. Consider the universal Novikov ring Λ = { ∑ α∈R λ_αt^α | λ_α ∈ Q , #{ α | λ_α ≠ 0, α < c } < ∞ ∀c ∈ R }

with the obvious product structure. Consider a fixed, closed symplectic manifold and Symp to be the group of its symplectic diffeomorphisms and Mod_Λ the category of Z_2-graded Λ-modules. We consider Floer homology as a map HF : Symp → Mod_Λ, ϕ → HF (ϕ), satisfying the following properties:

1. Naturality: HF (ψ^{−1}ϕψ) and HF (ϕ) are canonically isomorphic. 2. Isotopy: Any Hamiltonian isotopy between ϕ_0 ϕ_1 induces an isomorphism HF (ϕ_0) ∼= HF (ϕ_1) (which may depend on the homotopy class).

3. Identity: HF (id) ∼= H^∗(M, Λ) as Z_2-graded Λ-modules, 4. Lefschetz property: χ(HF (ϕ)) = L(ϕ), where χ is the Euler characteristic and L(ϕ) is the Lefschetz number, 5. Dimension: graph ϕ ⋔ graph(id) ⇒ rk_Λ HF (ϕ) ⩽ # Fix ϕ 6. Duality: ∃ non-degenerate pairing ⟨·, ·⟩: HF (ϕ) ⊗ HF (ϕ^{−1}) → Λ 7. Product: ∃ ∪_F : HF (ϕ) ⊗ HF (ψ) → HF (ϕψ) satisfying:

a) associativity, b) (skew)-commutativity, c) Frobenius condition: ⟨ϕ ∪_F ψ, χ⟩ = ⟨ϕ, ψ ∪_F χ⟩, d) ∃ neutral element e ∈ HF_{even}(id) In view of these properties we can consider Symp as a category with symplectomorphisms ϕ as objects and Mor(ϕ, ψ) = HF (ϕ^{−1}ψ). Thus, HF becomes a functor with the composition from the product structure, HF (λ) = λ ∪_F ·: HF (ϕ) → HF (ψ), ∀λ ∈ Mor(ϕ, ψ) .

Lecture 1. Introduction: Arnold Conjecture, Symplectic Fixed Points and Lagrangian Intersections.

• symplectic and Lagrangian (sub-)manifolds • Darboux theorem, Weinstein’s Lagrangian Neighbourhood Theorem.

• Hamiltonian Diffeomorphisms • Formulation of the Arnold Conjecture:

a) for general (degenerate) Hamiltonian diffeomorphisms ϕ on M # Fix ϕ ⩾ inf{ # Crit f | f ∈ C^∞(M) }, b) for non-degenerate ϕ: #F ixϕ ⩾ ∑ i rk H_i(M) • Proof for Hamiltonian diffeomorphisms C^1-close to the identity. • Lagrangian intersection formulation • variational framework: critical points of the action functional References: [A2], [A1], [MS2] Chapter 11, [S2], [W2], [HZ] Chapter 6.

Lecture 2. Morse Homology Present Morse homology based on the Morse-Smale-Witten complex as finite-dimensional model for Floer homology

• chain complex generated by critical points • boundary operator from counting connecting trajectories of relative index 1 • continuation method for obtaining isomorphisms between Morse homologies associated to different Morse functions and Riemannian metrics References: [Sch1], [S1]

Lecture 3. Introduction to the concept of Floer homology, Overview Present the program of analysis required to obtain well-defined Floer homology groups

• axiomatic description as functor associating modules to symplectic diffeomorphisms • action functional on free loop space (real valued, ω_{|π2} = 0) • unregularized L^2-gradient flow trajectories • Fredholm theory • Tranversality • Compactness • Continuation to small autonomous Hamiltonian References: [Sch3],[S2],[HZ] Section 6.5

Lecture 4. Floer’s connecting orbits Discuss spaces of connecting trajectories, in particular compactness based on elliptic regularity, consider simpler case of ω_{|π2} = 0 • space of bounded energy trajectories

M = { u: R × S^1 → M, u_2 + J(u_t − X_H ) = 0, ∫ ∫ |u_s|^2dsdt < ∞} stratified into spaces of connecting trajectories • exponential decay for connecting trajectories • elliptic regularity • non-bubbling-off analysis • compactness in C^∞_{loc} for ω_{|π2} = 0 • convergence in C^∞_{loc} and convergence of the energy implies uniform exponential decay and convergence in W^{1,p}(R × S^1).

References: [HZ] Section 6.4, in partic. Theorem 8, [Sch2],[RS3], [S2],[HZ]

Lecture 5. Floer homology for symplectic fixed pts I: Fredholm the- ory • Fredholm theory for linearized flow equation • Fredholm index = spectral flow = relative Conley-Zehnder index • carry out L^2-theory, mention L^p-theory References: [SZ2], [Sch2], [S2],[RS2],[RS1]

Lecture 6. Floer homology for symplectic fixed pts. II: Moduli Spaces and Transversality

• moduli spaces as zero sets of a nonlinear Fredholm map • implicit function theorem approach • parametrized Sard-Smale method • problem of multipy covered curves, dealt with by using almost complex structure explicitly S^1-dependent References: [FHS],[SZ2],[Sch2],[Sch3]

Lecture 7. Floer homology for symplectic fixed pts. III: Gluing Theorem

• linear gluing theorem for Fredholm operators • nonlinear gluing result for connecting trajectories, including local surjectivity of the gluing map (cf. Prop. 3.1.3 in [Sch3]) • proof of chain complex property: ∂ ∘ ∂ = 0

References: [Sch3],[SZ2], [FH] Sect. 3, [Sch2], [S2]

Lecture 8. Floer homology for symplectic fixed pts. IV: Floer homology for symplectic diffeomorphisms

• finish compactness proof for case of monotone symplectic manifolds • apply continuation to prove independence of choice of H and J • formulation of Floer homology associated to symplectic diffeomorphism, HF (ϕ) • Gromov’s graph trick to deal with the Hamiltonian term of the nonlinear Cauchy-Riemann operator, Seidel’s method of sections in symplectic fibrations References: [HZ] Proof of Lemma 6.4.6, [SZ2], [Sch2], [S2], [Se2],[Se3],[DS1]

Lecture 9. Proof for semi-positive case, Novikov rings • Novikov ring for ω_{|π2} • proof of Arnold conjecture for semi-positive case by Hofer & Sala- mon References: [HS],[Po]

Lecture 10. Ring Structures I: Pair-of-Pants product • pair-of-pants product, unit element, Frobenius structure • compatibility with composition of symplectic diffeomorphisms • product property (7) of the functor HF References: [Sch2],[Sch5] Section 4,[Se3], [Se2],[S3]

Lecture 11. Ring Strucutres II: Quantum Cohomology Consider the so-called small quantum cohomology ring as a deformation of the cup-product by the interaction with holomorphic spheres. This ring carries a Frobenius structure. Floer homology associated to a Hamiltonian diffeomorphism with the pair-of-pants ring structure is ring isomorphic to the small quantum cohomology ring.

• small quantum cohomology ring • ring isomorphism References: [MS1],[Sch4],[PSS],[Se3]

Lecture 12. Lagrangian Intersections I • formulate Floer homology for Lagrangian Intersections, consider only monotone case • new phenomenon of bubbling-off of holom. disks

References: [F1],[F2],[O1],[O2],[O3],[O7]

Lecture 13. Lagrangian Intersections II: Oh’s spectral sequence and applications Describe Oh’s spectral sequence from [O4] and present the following results:

1. Let L ⊂ C P^n be a Lagrangian submanifold such that H_1(L; Z) is 2-torsion. Then H^∗(L; Z_2) ∼= H^∗(RP^n ; Z_2) (as vector spaces over

Z_2),_{H1(L;}

Z_2) ∪ H^{even}(L; Z_2) = H^{odd}(L; Z_2) and H^{even}(L; Z_2) is gener-

ated by the pullback of the generator h ∈ H^2(C P^n ; Z_2). Moreover, if n is even, then the isomorphism H^∗(L; Z_2) ∼= H^∗(RP^n ; Z_2) is a ring homomorphism.

2. If L ⊂ C P^n ×C P^n is a Lagrangian submanifold such that H_1(L; Z) = 0, then H^∗(L; Z_2) ∼= H^∗(C P^n ; Z_2) (as rings). Moreover, H^∗(L; Z_2) is generated by the pullback of the generator of H^2 in either factor

in C P^n × C P^n .

3. If L ⊂ C P^n × T^{2m} is a Lagrangian sphere then m is congruent to n + 1 modulo 2n + 2. (There’s an example in the case m = n + 1.)

The proof of one of these results should be explained in detail. They’re all based on Lagrangian Floer homology and Oh’s spectral sequence. References: [O4], [B]

Lecture 14. Generalized Dehn Twists 1. Define a generalized Dehn twist as a symplectomorphism of T^∗S^n. 2. Show that, if n = 2, then τ ∘ τ is smoothly isotopic to the identity (among all diffeomorphisms with compact support).

3. Show how the generalized Dehn twist arises as the monodromy of the singular fibration (z_0, . . . , z_n) → ∑ j z^2_j from C^{n+1} to C .

4. If Λ ⊂ M is a Lagrangian sphere consider the generalized Dehn twist τ_Λ : M → M (obtained by embedding a neighbourhood of the cotangent bundle of Λ into M). Show that M is the generic fibre of a singular fibration E → D (the disk in C ) with an isolated Morse singularity in the fibre over zero as in 3).

5. If E → D is a singular fibration with an isolated Morse singularity as in 3), show that the generic fibre contains a Lagrangian sphere.

References: [Se2],[Se4],[Se5],[Se6]

Lecture 15. Seidel’s exact sequence • Explain Seidel’s exact sequence in symplectic Floer homology.

• Prove the following theorem: Let X be a simply connected symplectic 4-manifold with b_2 ⩾ 3 and Λ ⊂ X be a Lagrangian sphere which represents a nontrivial homology class in H_2(X; Z_2). Let τ : X → X be the generalized Dehn twist about Λ. Then τ ∘ τ is not symplectically isotopic to the identity.

References: [Se2],[Se10]

Lecture 16. Graded Lagrangian submanifolds • Explain the notion of graded Lagrangian submanifolds. • notion of symplectically knotted Lagrangian spheres • existence result for infinitely many symplectically knotted Lagrangian spheres based on graded Lagr. submfds., Section 5 in [Se6], Theorems 5.10 and 5.11.

References: [Se5], [Se6]

The scope of Lectures 13-16 is set in a somewhat ambitious way. The respective speaker is encouraged to restrict the focus on a suitable subset of the suggested material if that appears appropriate.

References

[Ae] B. Aebischer, M. Borer, Ch. Leuenberger, M. Kälin, and H.M. Reimann, Symplectic geometry: an introduction based on the seminar in Bern, 1992, Progress in Mathematics, vol. 124, Birkhäuser, Basel, 1994.

[A1] V.I. Arnold, Sur une propriété topologique des applications globalement canonique de la méchanique classique, C.R. Acad. Sci. Paris 261 (1965), 3719–3722.

[A2] , Mathematical methods of classical mechanics, Springer, 1978. [Au] M. Audin and J. Lafontaine (eds.), Holomorphic curves in symplectic geometry, Progress in Mathematics, vol. 117, Birkhäuser, Basel, 1994.

[B] Paul Biran, preprint, available from mid September 2001. [CZ1] C.C. Conley and E. Zehnder, The Birkhoff-Lewis fixed point theorem and a conjecture of V.I. Arnold, Invent. math. 73 (1983), 33–49.

[CZ2] , Morse-type index theory for flows and periodic solutions for Hamiltonian equations, Comm. Pure Appl. Math. 37 (1984), 207–253.

[D] S.K. Donaldson, Floer homology groups in Yang-Mills theory, Cambridge University Press, Cambridge, 2002.

[DS1] Stamatis Dostoglou and Dietmar Salamon, Instanton homology and symplectic fixed points, Symplectic geometry, Cambridge Univ. Press, Cambridge, 1993, pp. 57–93.

[DS2] , Self-dual instantons and holomorphic curves, Ann. of Math. (2) 139 (1994), no. 3, 581–640.

[E] Y. Eliashberg, Estimates on the number of fixed points of area preserving transformations, Syktyvkar University, (1979) preprint.

[F1] A. Floer, Morse theory for Lagrangian intersections, J. Diff. Geom. 28 (1988), 513–547.

[F2] , A relative Morse index for the symplectic action, Comm. Pure Appl.

Math. 41 (1988), 393–407.

[F3] , Cuplength estimates on Lagrangian intersections, Comm. Pure Appl.

Math. 42 (1989), 335–356.

[F4] , Symplectic fixed points and holomorphic spheres, Comm. Math. Phys.

120 (1989), 575–611.

[F5] , Witten’s complex and infinite dimensional Morse theory, J. Diff.

Geom. 30 (1989), 207–221.

[FH] A. Floer and H. Hofer, Coherent orientations for periodic orbit problems in symplectic geometry, Math. Zeit. 212 (1993), 13–38.

[FHS] A. Floer, H. Hofer, and D. Salamon, Transversality in the elliptic Morse theory for the symplectic action, Duke Math. Journal 80 (1995), 251–293.

[FO] Kenji Fukaya and Kaoru Ono, Arnold conjecture and Gromov-Witten invariant, Topology 38 (1999), no. 5, 933–1048.

[FS] Kenji Fukaya and Paul Seidel, Floer homology, A1-categories and topological field theory, Geometry and physics (Aarhus, 1995), Dekker, New York, 1997, pp. 9–32.

[G] M. Gromov, Pseudo holomorphic curves in symplectic manifolds, Invent. Math.

82 (1985), 307–347.

[H] H. Hofer, Ljusternik-Schnirelman theory for Lagrangian intersections, Ann. Henri Poincaré – analyse nonlinéaire 5 (1988), 465–499.

[HS] H. Hofer and D. Salamon, Floer homology and Novikov rings, The Floer Memorial Volume (H. Hofer, C. Taubes, A. Weinstein, and E. Zehnder, eds.), Progress in Mathematics, vol. 133, Birkhäuser Verlag, 1995, pp. 483–524.

[HZ] H. Hofer and E. Zehnder, Symplectic invariants and Hamiltonian dynamics, Birkhäuser advanced texts, Birkhäuser, 1994.

[K] Maxim Kontsevich, Homological algebra of mirror symmetry, Proceedings of the International Congress of Mathematicians, Vol. 1, 2 (Zürich, 1994) (Basel), Birkhäuser, 1995, pp. 120–139.

[LT] Gang Liu and Gang Tian, Floer homology and Arnold conjecture, J. Differential Geom. 49 (1998), no. 1, 1–74.

[M] D. McDuff, Elliptic methods in symplectic geometry, Bull. A.M.S. 23 (1990), 311–358.

[MS1] D. McDuff and D. Salamon, J-holomorphic curves and quantum cohomology, University Lecture Series, vol. 6, A.M.S., Providence, R.I., 1994.

[MS2] , Introduction to symplectic topology, Oxford Mathematical Monographs, Clarendon Press, Oxford, 1995.

[Ono] Kaoru Ono, The Arnold conjecture for weakly monotone symplectic manifolds, Invent. math. 119 (1995), no. 3, 519–537.

[O1] Yong-Geun Oh, Floer cohomology of Lagrangian intersections and pseudoholomorphic disks. I, Comm. Pure Appl. Math. 46 (1993), no. 7, 949–993.

[O2] , Addendum to: “Floer cohomology of Lagrangian intersections and pseudo-holomorphic disks. I.” [Comm. Pure Appl. Math. 46 (1993), no. 7, 949–993; MR 95d:58029a], Comm. Pure Appl. Math. 48 (1995), no. 11, 1299– 1302.

[O3] , Floer cohomology of Lagrangian intersections and pseudoholomorphic disks. II. (C P n , RP n ), Comm. Pure Appl. Math. 46 (1993), no. 7, 995–1012.

[O4] , Floer cohomology, spectral sequences, and the Maslov class of Lagrangian embeddings, Internat. Math. Res. Notices (1996), no. 7, 305–346.

[O5] , Fredholm theory of holomorphic discs under the perturbation of boundary conditions, Math. Z. 222 (1996), no. 3, 505–520.

[O7] , On the structure of pseudo-holomorphic discs with totally real boundary conditions, J. Geom. Anal. 7 (1997), no. 2, 305–327.

[Po] Marcin Poźniak, Floer homology, Novikov rings and clean intersections, Northern California Symplectic Geometry Seminar, Amer. Math. Soc., Providence, RI, 1999, pp. 119–181.

[PSS] S. Piunikhin, D. Salamon, and M. Schwarz, Symplectic Floer-Donaldson theory and quantum cohomology, Contact and Symplectic Geometry (Cambridge 1994) (C.B. Thomas, ed.), Publ. Newton Inst., vol. 8, Cambridge University Press, 1996, pp. 171–200.

[RS1] Joel Robbin and Dietmar Salamon, The Maslov index for paths, Topology

32 (1993), no. 4, 827–844.

[RS2] , The spectral flow and the Maslov index, Bulletin of the LMS 27 (1995), 1–33.

[RS3] , Asymptotic behaviour of holomorphic strips, Preprint, ETH-Zürich, to appear Ann. Inst. Poincare - Analyse Nonlineaire, May 2000.

[S1] D. Salamon, Morse theory, the Conley index and Floer homology, Bull. L.M.S.

22 (1990), 113–140.

[S2] , Lectures on Floer homology, Symplectic Geometry and Topology (Y. Eliashberg a. L. Traynor, ed.), IAS/Park City math. series, vol. 7, AMS, 1999.

[S3] , Quantum products for mapping tori and the Atiyah-Floer conjecture, Northern California Symplectic Geometry Seminar, Amer. Math. Soc., Providence, RI, 1999, pp. 199–235.

[SZ1] D. Salamon and E. Zehnder, Floer homology, the Maslov index and periodic orbits of Hamiltonian equations, Analysis et Cetera (P.H. Rabinowitz and E. Zehnder, eds.), Academic Press, 1990, pp. 573–600.

[SZ2] , Morse theory for periodic solutions of Hamiltonian systems and the Maslov index, Comm. Pure Appl. Math. 45 (1992), 1303–1360.

[Sch1] M. Schwarz, Morse homology, Progress in Mathematics, vol. 111, Birkhäuser, Basel, 1993.

[Sch2] , Cohomology operations from S^1-cobordisms in Floer homology, Ph.D. thesis, Swiss Federal Inst. of Techn. Zurich, Diss. ETH No. 11182, 1995.

[Sch3] , Introduction to symplectic Floer homology, Contact and Symplectic Geometry (Cambridge 1994) (C.B. Thomas, ed.), Publ. Newton Inst., vol. 8, Cambridge University Press, 1996, pp. 151–170.

[Sch4] , A quantum cup-length estimate for symplectic fixed points, Invent.

math. 133 (1998), 353–397.

[Sch5] , On the action spectrum for closed symplectically aspherical manifolds, Pacific J. Math. 193 (2000), no. 2, 419–461.

[Se1] Paul Seidel, The symplectic Floer homology of a Dehn twist, Math. Res. Lett.

3 (1996), no. 6, 829–834.

[Se2] , Floer homology and the symplectic isotopy problem, Ph.D. thesis, Oxford University, 1997.

[Se3] , π_1 of symplectic automorphism groups and invertibles in quantum homology rings, Geom. Funct. Anal. 7 (1997), no. 6, 1046–1095.

[Se4] , Symplectic automorphisms of T �S^2, preprint, March 1998, math.DG/9803084..

[Se5] , Lagrangian two-spheres can be symplectically knotted, J. Differential Geom. 52 (1999), no. 1, 145–171.

[Se6] , Graded Lagrangian submanifolds, Bull. Soc. Math. France 128 (2000), no. 1, 103–149.

[Se7] , Vanishing cycles and mutation, Preprint, October 2000, math.SG/0007115.

[Se8] , More about vanishing cycles and mutation, Preprint, October 2000, math.SG/0105186.

[Se9] , Symplectic Floer homology and the mapping class group, Preprint, March 2001, math.SG/0010301.

[Se10] , A long exact sequence for symplectic Floer cohomology, Preprint, May 2001, math.SG/0105186.

[W1] A. Weinstein, Lagrangian submanifolds and Hamiltonian systems, Ann. Math.

98 (1973), 377–410.

[W2] , Lectures on symplectic manifolds, CBMS, Reg. Conf. Series in Math., vol. 29, AMS, 1977.

Availability of referenced material:

[Se3, Se4, Se5, Se6, Se7, Se8, Se9, Se10] are available from the ArXiv. [DS1, DS2, FHS, HS, RS1, RS2, RS3, S2, S3] are available from the web page http://www.math.ethz.ch/ salamon/publications.html

PS-file of [Sch2] available on demand

copies of [Se2] available on demand for speakers

Applications should be sent by email to

mschwarz@mathematik.uni-leipzig.de

and to

salamon@math.ethz.ch

Please let us know whether you want to give a talk, in that case indicate 2 lectures of your preference. We also need your normal and e-mail address. These data should be easily extractable from your message.

Dietmar Salamon, Matthias Schwarz