Report on Workshop on Geometric Scattering MaPhySto, University of Aarhus November 5{7, 1998

Arne Jensen and Erik Skibsted

Report on the Workshop

As part of the activities of MaPhySto a workshop on geometric scattering was organized at University of Aarhus, November 5–7, 1998. The workshop was narrowly focused on geometric scattering, and in particular the use of geometric scattering in understanding the structure of the scattering operator for the quantum mechanical many-body problem. A number of other questions were also discussed in detail, including the resonances and various geometric questions.

Below is first the program of the workshop, and then a collection of previews, abstracts, and reports on the lectures, with extensive references. The last section contains the list of participants.

The organizers would like to thank the lecturers for their efforts, and the participants for their active participation in the workshop.

Aarhus, December 1, 1998 Arne Jensen Erik Skibsted

Program

Thursday November 5 (Room D1)

10.00-11.00: R. Melrose: Euclidean space and the scattering structure asymptotics 11.00-11.30: Tea/Coffee 11.30-12.30: A. Vasy: Introduction to many-body scattering 12:30-14.00: Lunch 14.00-15.00: M. Zworski: Scattering theory on manifolds with cylindrical ends: scattering matrix, resonances 15.00-15.30: Tea/Coffee 15.30-16.30: G. Salomonsen: η-Invariants for manifolds with corners

Friday November 6 (Room D1)

10.00-11.00: M. Zworski: Proof of the trace formula and of scattering asymptotics 11.00-11.30: Tea/Coffee 11.30-12.30: R. Melrose: Pseudodifferential operators and propagation of singularities 12:30-14.00: Lunch 14.00-15.00: A. Vasy: The scattering calculus 15.00-15.30: Tea/Coffee 15.30-16.30: P. Perry: Isoscattering Schottky manifolds

Saturday November 7 (Room D3)

10.00-11.00: A. Vasy: Propagation of singularities and structure of S-matrices 11.00-11.30: Tea/Coffee 11.30-12.30: M. Zworski: Pair correlation problem for phase shifts 12:30-14.00: Lunch 14.00-15.00: R. Melrose: Scattering for other classes of metrics 15.00-15.30: Tea/Coffee 15.30-16.30: Open problems – discussion

Report on lectures at Aarhus by R. Melrose

In these three lectures at the meeting at Aarhus I tried to describe the transition from ‘traditional’ scattering theory to geometric scattering theory and to give an idea of part, at least, of the setting for the latter and some of the methods it utilizes.

The first lecture dealt with the traditional Euclidean scattering and geometric constructions related to it. The basic domain of scattering theory is the treatment of the flat Laplacian on Euclidean space and more especially perturbations of it. Three, or more, currents may be distinguished in this enormous subject associated, respectively, with stationary methods and the two distict time-dependent methods exploiting the Schrödinger equation and the wave equation. Although personally I have been strongly influenced by the third of these approaches, especially as described in the work of Lax and Phillips [3], I spoke mostly about the stationary, or spectral, setting. Since much of the mathematical Physics literature is couched in terms of the (time-dependent) Schrödinger picture it would be particularly useful to relate this, in detail, to the microlocal discussion here. I advance my fellow-speaker András Vasy as the natural candidate to carry this out.

More explicitly, in the first lecture I discussed the parameterization of the continuous spectrum of the flat Laplacian. Using the Fourier transform this is done in terms of ‘plane wave’ solutions and then as a map from distributions on the ‘sphere at infinity’. I then discussed at some length the radial compactification of R^n to a half-sphere, in which the sphere at infinity is incorporated into the space. This radial compactification naturally leads to the reinterpretation of the Euclidean metric as a metric, complete on the interior and hence singular at the boundary, on the half-sphere. This realization of Euclidean space generalizes to the notion of a scattering metric on an arbitrary compact manifold with boundary ([9]). At the end of the lecture I described the extension, from Euclidean space to a general scattering metric on a compact manifold with boundary, of the results on the parameterization of the spectrum ([13]).

In the second lecture I emphasized the methods involved in the generalization of results from Euclidean space, where the Fourier transform is available, to the case of a scattering metric. This included a discussion of the algebra of scattering pseudodifferential operators, starting from its realization in Euclidean space ([14]). More particularly I described the associated scattering wavefront set. This included the examination of the configuration space, obtained by blow-up techniques, and of the geometry of the scattering compactification of the tangent bundle ([9]). This lecture concluded with a brief treatment of the main analytic tool, the positive commutator method for the propagation of singularities. In fact, András Vasy gave a fuller version of this in his second lecture ([15, 16, 17, 18]).

The third lecture was devoted to an overview of the types of complete Riemann metrics which have, so far, been treated by these geometric methods. The three basic classes of metrics on a compact manifold with boundary ([10]) – cylindrical ends (b-structure, aspects of which were examined in the lectures of Maciej Zworski) ([8], [12], [1]), conformally compact (0-structure) ([4, 7, 5]) and the previously discussed scattering metrics – were introduced. The general properties they exhibit: spectral features of the Laplacian, scattering matrix, pseudodifferential algebra, configuration spaces and index formula, were compared, one to another. Then the list of ‘boundary structures’ was expanded to include quadratic scattering ([19]), double zero ([11]) and theta structures ([2]). The behaviour of the scattering matrix in these various cases was related to the asymptotic properties of geodesics. Finally various further extensions were mentioned, involving fibrations of the boundary ([6]), and manifolds with corners. These included the many-boundary problem as discussed in the lectures by András Vasy and iterated-conic metrics associated with stratified spaces.

References

[1] M.F. Atiyah, V.K. Patodi, and I.M. Singer, Spectral asymmetry and Riemannian geometry, I, Math. Proc. Camb. Phil. Soc 77 (1975), 43– 69. [2] C.L. Epstein, R.B. Melrose, and G. Mendoza, Resolvent of the Laplacian on strictly pseudoconvex domains, Acta Math 167 (1991), 1–106.

[3] P.D. Lax and R.S. Phillips, Scattering theory, Academic Press, New York, 1967, Revised edition, 1989.

[4] R. Mazzeo, The Hodge cohomology of a conformally compact metric, J.

Diff. Geom. 28 (1988), 309–339.

[5] , Elliptic theory of differential edge operators I, Comm. in P.D.E.

16 (1991), 1615–1664.

[6] R. Mazzeo and R.B. Melrose, Pseudodifferential operators on manifolds with fibred boundaries, Unfinished manuscript.

[7] , Meromorphic extension of the resolvent on complete spaces with asymptotically constant negative curvature, J. Funct. Anal. 75 (1987), 260–310.

[8] R.B. Melrose, The Atiyah-Patodi-Singer index theorem, A K Peters, Wellesley, Mass, 1993.

[9] , Spectral and scattering theory for the Laplacian on asymptotically Euclidian spaces, Spectral and scattering theory (M. Ikawa, ed.), Marcel Dekker, 1994.

[10] , Geometric scattering, Cambridge University Press, 1995.

[11] , Fibrations, compactifications and algebras of pseudodifferential operators, Partial Differential Equations and Mathematical Physics. The Danish-Swedish Analysis Seminar, 1995 (Lars Hörmander and Anders Melin, eds.), Birkhäuser, 1996, pp. 246–261.

[12] R.B. Melrose and G.A. Mendoza, Elliptic pseudodifferential operators of totally characteristic type, MSRI Preprint, 1983.

[13] R.B. Melrose and M. Zworski, Scattering metrics and geodesic flow at infinity, Invent. Math. 124 (1996), 389–436.

[14] M.A. Shubin, Pseudodifferential operators on R^n , Sov. Math. Dokl. 12 (1971), 147–151.

[15] A. Vasy, Propagation of singularities in three-body scattering, Astérisque, to appear.

[16] , The propagation of singularities in many-body scattering, Preliminary Manuscript, July 1998.

[17] , Asymptotic behavior of generalized eigenfunctions in N-body scattering, J. Funct. Anal. 148 (1997), no. 1, 170–184.

[18] , Structure of the resolvent for three-body potentials, Duke Math.

J. 90 (1997), no. 2, 379–434.

[19] J. Wunsch, Propagation of singularities and growth for the Schrödinger operators, Duke J. (To appear), 53 pages.

Lectures on the propagation of singularities in many-body scattering by A. Vasy

Let X be a (finite) family of linear subspaces X_a, a ∈ I, of R^n , and let X^a be the orthocomplement of X_a. Let π_a and π^a denote the orthogonal projections to X_a and X^a respectively. A many-body Hamiltonian is an operator of the form

H = Δ + X a2I (π^a)�V_a; (1)

here Δ is the positive Laplacian on R^n and the V_a are real-valued functions on X^a in an appropriate class. For instance, they can be polyhomogeneous symbols of order −1 which includes examples such as the Coulomb potential if its singularity at the origin is removed. Thus H is a self-adjoint operator on L^2 = L^2(R^n ). The study of many-body scattering is an effort to understand the properties of this operator, H, in detail. We refer to [17] for the definitions of the basic objects in scattering theory; or see [23] for the definitions and the connection to the geometric point of view taken in these lectures.

Certain fundamental properties of H, especially global ones, such as its spectrum, resolvent estimates, the existence of wave operators and asymptotic completeness, are well understood [16, 17, 3, 4, 10, 5, 18, 2, 25]. Local, and hence microlocal results, are more rare. Thus, while the structure of the 2-cluster to 2-cluster S-matrix as well as that of the 2-cluster to 3-cluster S-matrix in 3-body scattering has been understood for some years now (they have smooth kernels, a global statement), see the works of Isozaki, Bommier and Skibsted [8, 19, 1], results involving other clusters are of more recent origin, starting with my paper [21] on the structure of the free-to-free (3- cluster to 3-cluster) S-matrix in 3-body scattering (the wave front relation is given by the broken geodesic flow on the sphere at ‘infinity’, a microlocal statement).

The purpose of these lectures is to state and explain these microlocal results, at least giving an outline of their proofs. In particular, the similarity to traditional microlocal analysis (often in singular settings) is stressed. The similarities between certain features of scattering theory and the study of hyperbolic PDE’s were first emphasized by Melrose in his geometric generalization of the two-body problem [12], followed by the FIO-type construction of the Poisson operator by Melrose and Zworski in the same setting [15], though it had been known for some time that the role of the base and cotangent variables are reversed when passing from the standard pseudo-differential operator (ps.d.o.) algebra on R^n to ps.d.o’s of interest in scattering (see especially [9, 5, 6, 26] or [7, Chapter XXX]).

In our geometrically more complicated setting we introduce a wave front set, WF_{Sc}, at spatial infinity (i.e. at the boundary ∂S^n_+ of the radial compactification of R^n into a hemisphere S^n_+), and we analyze propagation of ‘singularities’ (i.e. of WF_{Sc}(u)) for solutions of (H − λ)u = 0, λ ∈ R. This is closely related to the results on the structure of the S-matrices. The analogy in traditional microlocal analysis in this case is given by the wave equation on spaces with smooth boundaries and the reflection of singularities of its solutions [13, 14], [7, Chapter XXIV], transmission problems, and more generally reflected singularities of solutions of the wave equation on spaces with corners ω [11]. To see the analogy in the geometry, we need to consider the intersection C_a of ∂S^n_+ with the closure of the image of X_a (under the compactification); V_a will be singular at C_a (it is not even continuous there) since it decays in all directions away from C_a but not at C_a (unless it vanishes identically). The role of the C_a then corresponds to that of the boundary faces (hypersurfaces or corners) of ω.

From the technical point of view, these results are based on microlocal positive commutator estimates. That is, we consider operators whose commutator with H is, to top order, positive in the part of the phase space where we wish to conclude that u is ‘nice’ (i.e. that the region is disjoint from WF_{Sc}(u)). Such microlocal positive commutator techniques were used, for example, in the proofs of the reflected singularities results of [13, 7] since they are very amenable to complicated geometric settings. Positive commutator results have also played a major role in many-body scattering starting with the work of Mourre [16], Perry, Sigal and Simon [17], Froese and Herbst [4], Jensen [9], Gérard, Isozaki and Skibsted [5] and Wang [24]. However, these results involved globally positive commutators (to ‘top order’, i.e. modulo compact operators in this case). Thus, in a sense these lectures combine fundamental tools of traditional microlocal analysis and many-body scattering to prove microlocal results in the latter setting.

The lecture plan more or less follows a revised version of my PhD thesis [20], but there are simplifications and improved results taken from my forthcoming manuscript [22].

1. Lecture 1: Introduce the compactified spaces, describe a geometric generalization of Euclidian many-body scattering, define the basic objects (Poisson operator, S-matrices), and state the results on the propagation of singularities of generalized eigenfunctions of many-body Hamiltonians (that is, tempered distributional solutions of (H − λ)u = 0) and the structure of the S-matrices.

2. Lecture 2: Introduce the scattering calculus Ψ^{m,l}_{sc} , the associated wave front set WF_{sc}(u) (drawing on Richard Melrose’s lectures) and its many-body version Ψ^{m,l}_{Sc} and WF_{Sc}(u). Describe the positive commutator proof for the propagation of singularities in the scattering calculus (2-body type scattering) and its analogies to traditional microlocal analysis (e.g. propagation of singularities for solutions of the wave equation). Discuss global positive commutator estimates such as the Mourre estimate.

3. Lecture 3: Prove the propagation of singularities (i.e. of WF_{Sc}(u)) for solutions of (H − λ)u = 0 where H is a many-body operator satisfying certain conditions, and show how closely related results imply the corresponding structure theorems for the S-matrices.

References

[1] A. Bommier. Propriétés de la matrice de diffusion, 2-amas 2-amas, pour les problèmes à N corps à longue portée. Ann. Inst. Henri Poincaré, 59:237–267, 1993.

[2] J. Dereziński. Asymptotic completeness of long-range N-body quantum systems. Ann. Math., 138:427–476, 1993.

[3] R. G. Froese and I. Herbst. Exponential bounds and absence of positive eigenvalues of N-body Schrödinger operators. Commun. Math. Phys., 87:429–447, 1982.

[4] R. G. Froese and I. Herbst. A new proof of the Mourre estimate. Duke Math. J., 49:1075–1085, 1982.

[5] C. Gérard, H. Isozaki, and E. Skibsted. Commutator algebra and resolvent estimates, volume 23 of Advanced studies in pure mathematics, pages 69–82. 1994.

[6] C. Gérard, H. Isozaki, and E. Skibsted. N-body resolvent estimates. J.

Math. Soc. Japan, 48:135–160, 1996.

[7] L. Hörmander. The analysis of linear partial differential operators, vol.

1-4. Springer-Verlag, 1983.

[8] H. Isozaki. Structures of S-matrices for three body Schrödinger operators. Commun. Math. Phys., 146:241–258, 1992.

[9] A. Jensen. Propagation estimates for Schrödinger-type operators. Trans.

Amer. Math. Soc., 291-1:129–144, 1985.

[10] A. Jensen. High energy resolvent estimates for generalized many-body Schrödinger operators. Publ. RIMS, Kyoto Univ., 25:155–167, 1989.

[11] G. Lebeau. Propagation des ondes dans les variétés à coins. Ann. scient.

Éc. Norm. Sup., 30:429–497, 1997.

[12] R. B. Melrose. Spectral and scattering theory for the Laplacian on asymptotically Euclidian spaces. Marcel Dekker, 1994.

[13] R. B. Melrose and J. Sjöstrand. Singularities of boundary value problems. I. Comm. Pure Appl. Math, 31:593–617, 1978.

[14] R. B. Melrose and J. Sjöstrand. Singularities of boundary value problems. II. Comm. Pure Appl. Math, 35:129–168, 1982.

[15] R. B. Melrose and M. Zworski. Scattering metrics and geodesic flow at infinity. Inventiones Mathematicae, 124:389–436, 1996.

[16] E. Mourre. Absence of singular continuous spectrum of certain selfadjoint operators. Commun. Math. Phys., 78:391–408, 1981.

[17] P. Perry, I. M. Sigal, and B. Simon. Spectral analysis of N-body Schrödinger operators. Ann. Math., 114:519–567, 1981.

[18] I. M. Sigal and A. Soffer. Asymptotic completeness of N-particle longrange scattering. J. Amer. Math. Soc., 7:307–334, 1994.

[19] E. Skibsted. Smoothness of N-body scattering amplitudes. Reviews in Math. Phys., 4:619–658, 1992.

[20] A. Vasy. Propagation of singularities in three-body scattering.

Astérisque, to appear.

[21] A. Vasy. Structure of the resolvent for three-body potentials. Duke Math. J., 90:379–434, 1997.

[22] A. Vasy. Propagation of singularities in many-body scattering. Forthcoming manuscript, 1998.

[23] A. Vasy. Scattering matrices in many-body scattering. Commun. Math.

Phys., To appear.

[24] X. P. Wang. Microlocal estimates for N-body Schrödinger operators. J.

Fac. Sci. Univ. Tokyo Sect. IA, Math., 40:337–385, 1993.

[25] D. Yafaev. Radiation conditions and scattering theory for N-particle Hamiltonians. Commun. Math. Phys., 154:523–554, 1993.

[26] D. Yafaev. The scattering amplitude for the Schrödinger equation with a long-range potential. Commun. Math. Phys., 191:183–218, 1998.

Lectures on scattering on manifolds with cylindrical ends by M. Zworski

Scattering on manifolds with cylindrical ends is a natural subject in geometrical analysis. It gives the simplest geometrical scattering model but it is already connected to the Atiyah-Patodi-Singer Index Theorem [3] and is a building block in the understanding of scattering on locally symmetric spaces. My lectures are intended to be elementary and focused on natural open problems.

1. Scattering theory on manifolds with cylindrical ends: scattering matrix, resonances [4],[1].

2. Proof of the trace formula and of scattering asymptotics (based on the work of Christiansen [1] and of Christiansen and myself [2]). I will also formulate a conjectural Poisson formula motivated by the recent progress in local trace formulæ for resonances – see [8] and references given.

3. Pair correlation problem for phase shifts: the Berry-Tabor conjecture for surfaces with cylindrical ends (based on the recent work of Zelditch and myself [7]). In this lecture I would also like to motivate the study of ”pair correlations” in spectral and scattering theories – see [5],[6].

References

[1] T. Christiansen, Scattering theory for manifolds with asymptotically cylindrical ends. J. Func. Anal. 131 (1995), 499-530.

[2] T. Christiansen and M. Zworski, Spectral asymptotics for manifolds with cylindrical ends, Ann. Inst. Fourier 45(1)(1995), 251-263.

[3] R.B. Melrose The Atiyah-Patodi-Singer Index Theorem, A K Peters, Wellesley, MA, 1994.

[4] R.B. Melrose, Geometric scattering theory. Cambridge University Press, 1995.

[5] Peter Sarnak, Arithmetic quantum chaos. Schur lectures, Israel Math.

Conf.Proc. 8(1995).

[6] U. Smilansky, The classical and quantum theory of chaotic scattering. in Chaos et Physique Quantique, Les Houches LII, M.-J.Giannoni, A.Voros and J.Zinn-Justin eds., Elsevier 1991, 371-441.

[7] S. Zelditch and M. Zworski, Spacing between phase shifts in a simple scattering problem, Erwin Schrödinger Institute preprint 583, 1998.

[8] M. Zworski, Poisson formula for resonances in even dimensions, Asian J. Math. 2(3), 615-624.

Lecture on isoscattering Schottky manifolds by P. Perry

This lecture concerns joint work with Ruth Gornet and Robert Brooks.

The goal of this lecture is to explore the spectral geometry of the scattering operator by exhibiting examples of infinite volume hyperbolic threemanifolds that are ‘isoscattering’ in a sense we will make precise, but have distinct geometries. To do so we will work with convex co-compact hyperbolic manifolds associated to Schottky groups of hyperbolic isometries. We will use Sunada’s method which has produced a large number of examples of isospectral compact manifolds, and has also been used to construct isoscattering Riemann surfaces. To our knowledge, the examples we will describe are the first examples to be constructed involving hyperbolic manifolds in three dimensions.

Our main result is:

Theorem There exist hyperbolic three-manifolds manifolds X_1 and X_2 such that

(i) X_1 and X_2 have the same scattering poles

(ii) X_1 and X_2 have conformally equivalent boundaries

(iii) X_1 and X_2 are not isometric

See references [1, 3, 8] for other constructions of hyperbolic manifolds with the same scattering poles, references [4, 5, 6] for background on scattering theory for hyperbolic manifolds, and reference [7] for the Sunada method.

References

[1] P. Bérard. Transplantation et isospectralité, I. Math. Ann. 292 (1992), 547–560.

[2] R. Brooks. On manifolds of negative curvature with isospectral potentials. Topology 26 (1985), 63-66.

[3] L. Guillopé, M. Zworski. Scattering asymptotics for Riemann surfaces.

Ann. Math. 145 (1997), 597-660.

[4] P. Hislop. The geometry and spectra of hyperbolic manifolds. Spectral and inverse spectral theory (Bangalore, 1993). Proc. Indian Acad. Sci. Math. Sci. 104 (1994), no. 4, 715-776.

[5] R. Mazzeo, R. Melrose. Meromorphic extension of the resolvent on complete spaces with asymptotically constant negative curvature. J. Funct. Anal. 75 (1987), 260-310.

[6] R. B. Melrose. Geometric Scattering Theory. New York, Melbourne:

Cambridge University Press, 1995.

[7] T. Sunada. Isospectral manifolds and Riemannian coverings. Ann. Math.

121 (1985), 169-186.

[8] S. Zelditch. Kuznecov sum formulae and Szego limit formulae on manifolds. Comm. P. D. E. 17 (1992), 221-260

Lecture on eta-invariants for manifolds with corners by G. Salomonsen

The η-invariant of a Dirac operator on an odd dimensional manifold occurs naturally as a correction term in the Atiyah-Patodi-Singer index theorem [APS] for manifolds with boundary. It is a global spectral invariant of a the Dirac operator measuring the spectral assymmetry. The sign of the ηinvariant depends on the orientation, such that the η-invariants cancel each other in gluing formulas for indices.

In the same way η-invariants for manifolds with boundary occur naturally when one considers index theory for manifolds with corners of codimension 2. In [Mü1] η-invariants for manifolds with boundary are studied and in [Mü2] and [HMM] they come out as correction terms in L^2-index formulas for manifolds with corners of codimension 2. It is worth noticing that gluing formulas for manifolds with corners do not give simple additivity of the indices. In contrast, since [Wa] it has been known that additional terms, Maslov indices, arise in such gluing formulas. These terms are intimately related to splitting formulas for η-invariants [Bu], where η-invariants of closed manifolds are split into η-invariants of manifolds with boundary. Notice that η-invariants of manifolds with boundary depend on the (Atiyah-Patodi-Singer type) boundary conditions imposed. This is not a big problem since there is a canonical choice of boundary conditions, and a variation formula for the η-invariant under change of boundary conditions [LW], [Mü1], [Wo].

Compared to the case of η-invariants for manifolds with boundary, there are considerably more ways to define η-invariants of manifolds with corners. In this talk I give a definition of η-invariants for manifolds with corners of codimension 2, which has been designed such that a splitting formula generalizing the splitting formula for manifolds with boundary can be proved, so that we get gluing formulas for indices of manifolds with corners of codimension 3 similar to the ones which are currently known for manifolds with corners of codimension 2. A sketch of the proof of this splitting formula, building on my own approach to index theory for manifolds with corners, is given.

References

[APS] Atiyah, M.F., Patodi, V.K., Singer, I.M.: “Spectral Asymmetry and Riemannian Geometry I.”, Math. Proc. Cambridge Philos. Soc. 77 (1975), 43-69.

[Bu] Bunke, U.: “On the Gluing Problem for the η-Invariant” J. Diff.

Geo. 41 (1995), 397-448.

[HMM] Hassel, A., Mazzeo, R., Melrose, R.B. “A Signature Formula for Manifolds with Corners of Codimension Two” Topology 36 (1997).

[LW] Lesch, M., Wojciechowski, K. P.:“On the η-invariant of generalized Atiyah-Patodi-Singer boundary value problems.” Ill. J. Math. 40 (1996) 30-46.

[Mü1] Müller, W.:“Eta Invariants and Manifolds with Boundary” J. Diff.

Geo. 40 (1994) 311-377.

[Mü2] Müller, W.:“On the L^2-Index of Dirac Operators on Manifolds with Corners of Codimension Two. I” J. Diff. Geo. 44 (1996) 97-177.

[Sa1] Salomonsen, G.:“The Atiyah-Patodi-Singer Index Theorem for Manifolds with Corners I.” Preprint #514, SFB 256, University of Bonn.

[Sa2] Salomonsen, G.:”The Atiyah-Patodi-Singer Index Theorem for Manifolds with Corners II.” Preprint #564, SFB 256, University of Bonn.

[Sa3] Salomonsen, G.:”The Atiyah-Patodi-Singer Index Theorem for Manifolds with Corners III.” In preparation.

[Sa4] Salomonsen, G.:”Atyah-Patodi-Singer Index Theorems for Manifolds with Corners and Splitting of η-Invariants”. To appear in one of the 1999 issues of Contemporary Mathematics.

[Wa] Wall, C.T.C. “Non-additivity of the Signature” Inv. math. 7 (1969) 269-274.

[Wo] Wojciechowski, K.: “The ζ-Determinant and the Additivity of the η-Invariant on the smooth self-adjoint Grassmannian” To appear in Comm. math. phys.

List of participants

Mikael Abrahamsson Department of Mathematics University of Lund Sölvegatan 18, Box 118 S-221 00 Lund, Sverige Email: mikab.maths.lth.se

Søren Fournais Department of Mathematical Sciences University of Aarhus Ny Munkegade, Building 530 DK-8000 Aarhus C, Denmark Email: fournais@imf.au.dk

Francesca Antoci Department of Mathematics Politecnico di Torino Corso Duca degli Abruzzi 24 10129 Torino, Italy Email: antoci@calvino.polito.it

Michael Hitrik Department of Mathematics Lund Institute of Technology P.O. BOX 118 S-221 00 Lund, Sverige Email: mike@maths.lth.se

Anders Holst Department of Mathematics Lund University Box 118 221 00 Lund, Sweden Email: Anders.Holst@math.lu.se

Arne Jensen Institut for Elektroniske Systemer Aalborg Universitet Fredrik Bajers Vej 7E DK-9220 Aalborg Ø, Denmark Email: matarne@math.auc.dk

Jon Johnsen Institut for Elektroniske Systemer Aalborg Universitet Fredrik Bajers Vej 7E DK-9220 Aalborg Ø, Denmark Email: jjohnsen@math.auc.dk

Wolf Jung Inst. für Reine und Angewandte Math. RWTH Aachen Templergraben 55 D-52062 Aachen, Germany Email: jung@iram.rwth-aachen.de

Jacob Møller Department de Mathematiques, Bat 425 Universite Paris-Sud 91405 Orsay Cedex France Email: Moeller.Jacob@lanors.math.u-psud.fr

Michael Melgaard Afdeling for Matematik Institut for elektroniske systemer Fredrik Bajers vej 7E 9220 Aalborg Ø, Denmark Email: mm@math.auc.dk

Richard Melrose Department of Mathematics Massachusetts Institute of Technology 77 Massachusetts Avenue Cambridge, MA 02139-4307, USA Email: rbm@math.mit.edu

Laurence Nedelec 22 rue des carmes 75005 Paris France Email: nedelec@math.univ-paris13.fr

George Nenciu Institute of Mathematics Romanian Academy of Sciences 70109 Bucharest ROMANIA

Peter Perry Department of Mathematics University of Kentucky 40506-0027 Lexington, KY U. S. A.

Email: perry@ms.uky.edu

Gorm Salomonsen Centre for Mathematical Physics and Stochastics University of Aarhus DK-8000 Aarhus C, Denmark Email: gorm@mi.aau.dk

Oliver Sick Mathematische Institut Universität Bonn Germany

Erik Skibsted Dept. of Mathematical Sciences Ny Munkegade University of Aarhus DK-8000 Aarhus C, Denmark Email: skibsted@imf.au.dk

Jan Philip Solovej Matematisk Institut H.C. Ørsted Instituttet Universitetsparken 5 DK-2100 Koebenhavn Ø Email: solovej@math.ku.dk

András Vasy Department of Mathematics University of California Evans Hall, Berkeley CA 94720, USA Email: andras@math.berkeley.edu

Maciej Zworski Department of Mathematics University of California Evans Hall, Berkeley CA 94720, USA Email: zworski@math.berkeley.edu