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The conference was organized by R. Kirby (Berkeley), W. Lück (Münster)
and E.G. Rees (Edinburgh). About 50 participants from all over the world
attended the meeting.

A special feature was aseries of 3 talks of Sylvain Cappell on characteristic
classes oE singular varieties in the context of intersection homology. The
highlight were new applications to Euler-McLaurin formulas.

In addition, there were 16 talks on new developments in many branches
of (algebraic) topology. A focus of the talks was low dimensional topology,
ranging from the study of certain knot and link invariants in dimensions
three and four to a refinement of Seiberg-Witten invariants. Other speakers
computed L2-invariants, higher analytic torsion, algebraic and topological
K -theory. One result is the extension of the Atiyah completion theorem to
discrete groups. ODe speaker established the Baum-Connes conjecture for
a new large class of groups. We also learned about the mysteries of the
signature operator and spaces of holomorphic maps.

Every talk attracted nearly all the participitians. The schedule gave
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plcnty of rüom für discussiüns. This opportunity was \videly used and con
sidcred at least as inlportant as the series of talks.

Gratefully acknowledged was the pleasent atmosphere created by the staff
of the Institute. It helped to .make the meeti~g as successful as it was.
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Abstracts of the talks

Stefan Bauer: On connected sums of four-manifolds

For a fixed spine structure on a simply connected 4-rnanifold there is a
monopole map W defined between affine Banach spaces. The moduli space
of zeros of \}1 is used to define Seibert-Witten invariants. The map \l1 is
proper and can be extended to a proper map between Banach spheres. The
linearisation of W is Fredholm. It can be used to associate to 'lJ a stable
Sl-equivariant map between finite dimensional spheres .

Seiberg-Witten theory can be recovered from ['11]. Moreover, there is a for
mula for connected sums

As a consequence one gets several nonvanishing results for connected sums.
For example, in case of a diffeomorphism

X#K3 == Y#K3

the Seiberg-Witten invariants of X and Y satisfy SW(X) ~ SW(Y) (mod 2).
Both, the invariant and the connected surn theorem also extend to non-sirnply
connnected rnanifolds. In this situation,[w] E 1r~l,u(PicO(X); ind) is an ele
ment of a twisted equivariant stable cohomotopy group of the Picard group
PicO(X) := BI (X, IR)/BI (X, Z).

Ulrich Bunke: Computations with higher analytic torsion

Higher analytic torsion was introduced by Lott. Let G be a connected
compact Lie group. By i(G) we denote the space of invariant formal power
series on the Lie algebra of G modulo constants. If M is a closed orientable
G-manifold, then Lott defined the higher analytic torsion T(M) E i(G).

Let U(G) denote the Euler ring of G. Then we have the equivariant Euler
characteristic Xc(M) E U(G).
Theorem: There exists a homomorphism Ta :U(G) -+ i(G) such that for
any closed orientable G-manifold T(M) = Tc(Xc(M).

If H is a closed connected subgroup, then we have restriction rnaps res~ :
U(G) ~ U(B), res~ : i(G) -+ i(H). Moreover we have TB 0 res~ =
res~ 0 Tc. We observe that Tc is deterrnined by {TB I H c G, H ~ SI}.
Thus in order to compute Tc it suffices to know TSl.
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Theorem: Let H C SI be a closed subgroup and [SI / H] be the corresponding
element 0/ U(G). Then

{

0 H == SI

I:~l ([SI / RJ) = 22:::'=1 ( ~~ ) (R(2k + 1) (~) 2k Hol SI

where Y E (SI)* is normalized such that y(X) == 1 and X E SI is minimal
such that exp(..-Y) == l.

Using thc higher analytic torsion form of Bismut/Lott we gave a eonstruc-a
tion which' associates to a closed manifold M together with an acyclic Hat.
hermitean vector bundle Fadass hT in H~V(Diff(M)O, IR), the continuous
group cohomology of Diff(A1)0. If M == SI and F is one-dimensional with
holononlY exp(21T'la), then we compute

where c i- 0 and ß is the unique element in H;(Diff(SI)O, IR) with ß2 == O.
IVlotivateel by this example \ve expect that hT is in general non-trivial and
different from the classes found by Thurston, Haeflinger, Bott.

Sylvain Cappell: Characteristic classes of singular varieties and map
ping theorems for them and applications to Euler-McLaurin formulas

We presented various characteristic class theories for singular varieties in
both topological and algehraic geometrical settings. These, in the case of
divisors, can be related to knot invariants. They can also often be computed
by mapping theorems. This is applied to eompute invariants of torie varieties,
anel general Hilbert polynomialsof polytopes. Genereral high dimensional
versions of Euler-NlcLaurin formulas with remainder -for relating lattiee sums
to integrals were presented, as developed by U. Shaneson and the speaker. e

Ralph L. Cohen: Holomorphie K-theory, Lawson's Chow-Cohomology,
and Loop Groups

In this talk I ,viII describe a program to study holomorphic bundles over
Slllooth projective varieties using K -theoretic techniques. The "holomorphie
I<-thcory" I will deseribe will be defined in terms of spaces of holomorphic
Inappings from a variety to Grassmannians or to loop groups. I will describe
thc structure of this theory, ho\v its characteristic classes take values in Law
son '5 Cho\v cohomology groups, and how the analogue of Bott periodicity
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holds for this theory, and is proved using the geometry of loop groups. I
will describe results that relate holomorphic K-theory to hoth algebraic K
theory and topological K-theory, and describe some sampie calculations. In
doing so I will give a geometrie description of the ehern character in terms
of the "symmetrized loop group", nU(n)fEn , where the symmetrie group
acts on U(n) by eonjugation. Finally I will show how this is used to prove
a theorem (joint \vith Lima-Filho) stating that modulo torsion, all Lawson
cohomology classes (and in partieular all cohomology classes represented by
algebraic cocycles) are realized as (algebraic) ehern classes of holomorphic
bundles. .

Michael Farber: Extended L2-cohomology and approximation theo
rems for von Neumann-Betti numbers

The talk discusses generalizations of a theorem of W. Lück (1994), COD

jectured by M. Gromov, about approximation ofvon Neumann type topolog
ical invariants by finite dimensional ones, constructed by means of a tower.
of coverings. The generalized version aSsurnes that we have a sequence of
unitary Hat bundles over X, such that their normalized characters converge
to the character of a unitary representation' in a finite von Neuman~ cat
egory with anormal trace. We show that the differenee between the von
Neumann dimension of the homology with coefficients in the infinite dimen
sional representation and the limit of the normalized Betti numbers of the
Hat bundles can be understood as· torsion dimension of the torsion part of
the extended cohomology. ,Under certain conditions (expressed by means
of algebraic number theory) this torsion dimension vanishes and we obtain
theorems generalizing the theorem of Lück in several directions. _<

V. Goryunov: A Bennequin number estimate for transverse knots

It is shown that the Bennequin number of a transverse knot in the stan
dard contact 3-spaee or solid torus is bounded by the negative of the lowest
degree of the framing variable in its HOMFLY polynomial. For R3, this fact
was established earlier by Fuchs and Tabachnikov (1995) bycomparison ofthe
results of Bennequin and Franks-Williams and Morton. We develop a differ
ent, direct approach based on the lowering of the polynomial to transversally
framed regular planar curves.

Ursula Gritseh: Morse theory for the Yang-Mills functional via equiv
ariant homotopy theory

In this talk \ve prove the existence of non minimal critical points of the
Yang-Mills functional over certain 4-manifolds M2g for 9 = 0,2,3, ... for a
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generic invariant Inetric. The praof uses Morse theory for the Yang-Mills
fUl1ctional allel a homotopy theoretic calculation.

Thc Inanifalds M 2g are obtained by taking the quotient by an orientation
prcserving involution of thc product of aRiemann surface with even genus
allel thc t\VO sphere. These manifolds are spin and are acted on by the Lie
group SU(2) by the trivial action on the Riemann surface factor and by the
sta.ndard action on the S2-factor. We treat the Yang-Mills functional on the
space of invariant connections on the spinar bundles modulo the action by
thc invariant gauge group as a Morse function.

We show that for 9 == 0 the negative ·spinor bundle .6..- over the manifold e
A10 adnlits at least one Yang-MilIs connection which is not anti self dual and
for 9 ~ 2 the positive spinor bundle ß + over the manifold M 2g admits at
least 209 + 1 Yang-Mills connections one of which is not anti self dual.

Jacques Hurtubise: Holomorphic maps of surfaces

lVlorse theory [ails for the energy functional on the space 02{X) of smooth
based Jnaps from the sphere to a manifold X. The same holds when one
replaces the sphere by an arbitrary surface.E. The critieaJ points oE the
flll1ctional are hannonie maps; the minima, when X is Kahler and there are
holomorphic maps in the homotopy class, are holomorphic.

One can however prove a statement which is "asymptotically Morse the
oretic". Namely, one considers the inclusions

where k is a degree, and shows that there is a linear function l(k) going
to infinity with k such that the inclusion induees isomorphisms in homo
topy groups 1fi for i < l(k). We give a proof for varieties acted on by a
solvable linear algebraic group, with a dense free orbit. Examples include
Hag manifolds, torie varieties, certain spherical varieties, as weIl as equivari-
ant blowings-up of these. We conjecture that the result holds for rationally _
eonnected varieties. (Joint work with C. Boyer and R.J. Milgram) .,

Michael Joachim: A new model for topological KO-theory and the
t\visted Atiyah orientation

A smooth closed manifold has a K O-fundamental dass if and only if its
first and its seeond Stiefel-Whitney class is zero. This fact corresponds to
the existence of an orientation D : M Spin -+ ko, the Atiyah orientation. We
show how a parametrized version of the Atiyah orientation can be obtained
as a Borel construction on D : MSpin -+ ko using a group G ~ K{71/2, 0) x
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K(Z/2, 1) acting on specific models for MSpin and ko. This 'twisted Atiyah
orientation' leads to a transformation from a twisted MSpin-bordism theory
to a t,,'isted connective KO-theory. We use the transformation to associate to
any closed manifold M \vhose universal cover is spin an invariant in a t\visted
ko-homology group ko. (Bn; (), where 1r = 1Tl (M) is the fundamental group
and the tt\visting data' ( is a map ( : B1r ---* BG ~ K(Z/2, 1) x K(Z/2, 2),
that is determined by Wl (M) and w2(M) up to homotopy. \iVe expect that
a manifold A1 as above \vith dim(M) ~ 5 has ametrie \vith positive scalar
curvature if and only if the invariant lies in a canonically defined subgroup
ko~(B1f;() c ko.(Bn; (). This generalizes a result of Stephan Stolz \vho
proved the statement for spin manifolds.

Thang Le: Finite type invariants of integral homology 3-spheres
." .~.

"Ve briefly review the theory of finite type inva~iants (Vassiliev invariantsl
of knots and then describe the theory of finite type invariants of integral
honlology 3-spheres.

Let M be the vector space over the rati9nals freely generated by integral
honlology 3-spheres. For a framed link L in an integral homology 3-sphere
Miet

{M,L] = L(-1)IL
1

IMu ,
UcL

where the suru is taken over aH sublinks oE L, Mv is the 3-manifold obtained
from M by surgery along L', and IL'I is the number of components of L'. W~ __
assume that the linking number of any two components of L is 0, and thaf
the framing of any component is +1 or -1. Then [M, L] is an element oE M.
Let F n be the subspace of M generated by all such [M, L], whe.re L has n
components.

In analogy with the knot case, Ohtsuki introduced the following definition.
An invariant I of integral homology 3-spheres with values in a vector space
is said to be of order::; n if tbe restrietion oE I to Fn +1 is O.

Using the Kontsevich integral of frarned links and the Kirby calculus, \ve
constructed an invariant n of closed oriented 3-manifolds (this is a joint work
with Murakami and Ohtsuki). Tbe invariant takes values in a graded algebra
of trivalent graphs. It turns out that n is a universal invariant for finite type
invariants: its degree n part is an invariant of degree 3n \vhich dominates
allother invariants of the same order. (There is DO finite invariants of order
not a multiple of 3). So this invariant should play the role of the Kontsevich
integral for integral homology 3-spheres. We exhibit the relation between n
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allel quantunl invariants of 3-manifolds at roots of unity and discuss some
applications.

Bob Oliver: The completion theorem in K-theory for proper actions of
infinite discrete groups

In this talk, I described joint work with Wolfgang Lück about proper
actions of infinite discrete groups. The main results are the following hvo

. thcorenls.. .

Theorem 1 Let G be any discrete group. Then K;;( -), defined using G-e
vcctor bundles, is a cohomology theory (satisfying Bott periodicity) on the
category of finite proper G-CvV pairs.
Theorem 2 Let G be a discrete group such that the universal proper G
CvV cornplex, EFIN(G),.,llas the homotopy type of a finite G-CW complex.
Set I == II<e(E:FIN(G)). Then for any finite proper G-CW complex ...X",
]{*(EGxeX ) ~ Kc('X"}i (the completion with respect to the ideal generated
by I).

Theorern 2 can be stated in a form which holds for any discrete group G.
ßoth theorellls are false, in general, for positive dimensional nonc6mpact Lie
grollpS.

Thc lecture represents joint work with C. Weibel. As an application of
V. 'Voevodsky's proof of the Milnor conjecture we compute the two-primary.
algebraic K-theory of the ring of integers in any number field, in terms of its
etale cohomology groups. In particular we compute the two-primary alge
braic K-theory of the integers Z. The ans\ver is roughly 2-periodic for totally
imaginary number fields, and roughly 8-periodic for real number fields.
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As consequences, \ve obtain (a) the t\Vo-primary part of the Quillen coo
jecture that there exists a spectral sequence from the etale cohomology of
any ring of 2-integers to its K -theory, with finite coefficients, and (b) the
two-primary part of the Lichtenbaum conjecture that relates a ratio of or
ders of algebraic K -groups to a ratio of orders of etale cohomology groups,
for totally realoumber fields. The ratios agree up to the factor 2T1

, where Tl

is the number of real embeddings of the field. Sy a theorem of A. Wiles, and
further work by M. Koister, one also obtains for totally real Abelian number
fields (c) the two-primary part of the Lichtenbaum conjecture that relates
the latter ratio above to the value of a zeta-function.

This \vork fills gaps in related work by C. Weibel, and by 8. Kahn. We
show ho\v to introduce coefficients in the Bloch-Lichtenbaum spectral se
quence from S. Bloch's higher Chow groups to algebraic K-theory. Then
\vork of A. Suslin and V. Voevodsky provide a spectral sequence from the
etale cohomology of any number field F to its K -theory, with mod 2V or mod
200 coefficients,

There can only be differentials in the mod 200 spectral sequence when
F is real, i.e., admits real embeddings. We determine the Eoo term of tne
spectral sequence by a comparison with the corresponding spectral sequence
for the field of real numbers. It is notknown wheOther the latter spectral
sequence admits a product structure, contrary to previous assumptions, so
\ve bypass this question by an additive argument making use of J. Rognes'
prior calculation of K(Q2) by means of topologieal cyclie homology, i.e.,
TC(Z). This determines the mod 200 algebraic K-theory of the number
field, from \vhieh the two-primary K -theory of the ring of integers is deduced
by the loealization sequence and universal coefficient sequence. ..'~:

Jonathan Rosenberg: Seerets of the De Rham and Signature Opera
tors

Suppose M is a closed manifold. Via Kasparov's K K -theory, an elliptic
operator D on M (usually anticommuting with a Zj2-grading on the un
derlying vector bundle) defines a K-homology class [D] on M. This class
has the property that the index of D with coefficients in a vector bundle
E is ({D], [E]), computed via the dual pairing between K-homology and
K -cohomology. In this talk, we address the problem of determining what
topological information about M is contained in [D] when D is the Euler
characteristic operator or signature operator. These two naturally arising
operators corne from the de Rham operator d + d* with two different grad
ings: the grading by parity of degreee in the case of the Euler characteristic
operator, and a grading coming from the Hodge *-operator in the case of
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Uw signature operator. (The signature operator is only defined when 1\1 is
oricntccl.)

It turns out that when D is the Euler characteristic operator, [D] is
'·~triviar~: it is just the image of X(A1) E Z ~ KOo{pt) in KOo(A1). But in
thc cas~ of thc signature operator, [D] is a very rieh object. Localized away
froIlI 2, it is basically Ranicki's orientation class for·L· homology. Localized at
2, it is a more nlysterious homeomorphism and cobordism invariant, which-is
not a hOInotopy invariant. Thc "signature operator at 2" comes fram certain
natural transformations O"n ; (Hn )(2) -+ (Kn )(2) which unfortunatcly do not ..
fit together into a natural transformation of homology theories. This latter .,
infornlation is joint work \vith Shmuel Weinberger.

Thomas Schick: L2-torsion of 'hyperbolic manifolds

~. L2 -Reidemeister torsion is a secondary invariant defined for L2-acyclic
CvV-complexes which fulfill an additional technical condition (conjectured to
bc true always). It has many properties similar to the Euler characteristic,
such as (siInple) homotopy invariance, gluing- and fibration formulae, multi
plicity under coverings. Using its analytic version (equal to the topological
one by a deep theorenl of Burghelea et al.), we prove
Theorem: Given a hyperbolic manifold Mm of finite volume, m odd, then

The constant Gm depends only on the dimension and is explicitely known
in dimensions 3,5,7. The statement ,vas extended from the closed case (due
to Lütt) to the case 8M # 0 by Lück and the speaker.

For an irreducible 3-manifold M with Ind = 00 and with boundary con
sisting of incompressible tori, \vith a JSJT-splitting into hyperbolic pieces
1\11 , ... , /l.1h and Seifert pieces Mh+b ... ,Mn this concludes the computation
of its L2-torsion as folIows:

1 h
T(2)(M) =-- L vol(Mi )

3n
i=l

Peter Teichner: Pulling 2-spheres apart in 4-space

V\je show that two disjoint 2-spheres in ]R4 can be pulled apart by a link
hornotopy, i.e. a motion in \vhich the 2-spheres stay disjoint but are allowed
to self-intersect. In fact, we prove that the same result is true jf only one of
the 2-spheres is embedded to begin with. As a corollary, we give a new upper
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bound on the group of link homotopy classes of link maps 8 2 TI 8 2 -t r in
terms of ~oncordance classes of certain classical 2-component links in ]R3.

Tomotada Ohtsuki: The perturbative 80(3) invariant of homology
circles

TQFT (topological quantum field theory) is defined by axioms, which are
satisfied by quantum invariants of 3-cobordisms up to "fr~anomaly". To

resolve the anomaly, we construct a central extension 8L(2; Z) of 8L(2; Z).
'·Vc also see the relation between the quantum 80(3) invariant and the per
t~ve SO(~) invariant of links and 3-manifolds, and give the action of

SL(2; Z) on the perturbative 80(3) invariant of homology circles, which, I
expect, will be 3: part of TQFT for the perturbative 80(3) invariant.

Berichterstatter: Thomas Schick
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