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2. Organization

The scientific structure of the center is in agreement with the original research plan.
The composition of the scientific staff has been adjusted in the following ways:

• Core member N. Wahl has been appointed full professor (from associate prof).
• Ultimo 2010 the number of postdocs is 13 (research plan: 6).
• Ultimo 2010 the number of PhD students is 16 (research plan: 6).

Below is an updated structural diagram of the center, based on the appendix staff list.

Six PhD students were hired at the center in late 2009 and four in 2010, joining
existing students to give a total of 16. Six postdocs were hired in late 2009 and seven
in 2010. Our homepage sym.math.ku.dk contains research profiles. (Facts: 9/16 of our
PhD–students and 13/13 of our postdocs are non-Danes. 5/16 PhD students and 2/13
postdocs are female.)

Four postdocs finished at the center in 2010, and they all managed to secure high level
academic jobs, a benchmark criterion of success for the center: A. Diaz got a ’Ramon y
Cayal’ fellowship and a tenure-track job at Univ. Malaga, J.B. Gramain got a tenured
job at Univ. Aberdeen, D. Ayala went on to an NSF–postdoc at Harvard, and E. Ortega
went on to a postdoc at Univ. Trondheim. No PhDs finished at the center it 2010, it
being our first year.

Five guest scientists visited 2 month or longer in 2010, and the center furthermore
hosted around 100 shorter-term visitors, outside conferences, all listed on our homepage.

In terms of administrative structure, we have made some adjustments compared to the
research plan. The research plan describes a full-time center administrator (A–TAP) to
handle all matters related to administration. Ellen Juel Nielsen served in this capacity
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from 1 March, 2010 to 31 Dec, 2010. Starting 1 Jan, 2011, Sara Arklint has been hired
as center administrator, as a half-time appointment, which she holds concurrently with
finishing her PhD–studies at the center; additional task-dependent aid will be acquired
as necessary. We are currently acquiring 5hrs/week of assistance from Natasha Gulddal,
Nørre Campus Institutadministration (NCI), to deal with additional budgetary and
accounting assistance, which is not covered by NCI’s ordinary accounting function.

3. Research plan

We recall that our research plan is structured under 3 headings (A) Homotopical
group theory, (B) Symmetry of manifolds, and (C) Symmetry and deformation of non–
commutative manifolds, with 3 research goals each. There has been progress on all
fronts, and we here summarize this progress, with the research plan featured in the
center contract as our starting point.

(A) Homotopical group theory

Core: J. Grodal, J. Møller.
Associated: B. Oliver (visiting), K. Andersen (visiting).
Postdoc: A. Diaz, M. Gelvin, J.-B. Gramain, E. Henke.
PhD: T. Nørg̊ard-Sørensen (JG).

(A1) p–local finite groups and their relationship to group and representation theory. Gro-
dal and Oliver are running an emphasis program on this topic Aug, 2010 to July, 2011,
which has already yielded a number of results. Andersen–Oliver–Ventura have advanced
the program of classifying simple 2—fusion systems. Using a computer-aided approach,
they have tabulated fusion systems of low order, and ruled out exotic examples, hence
verifying the conjectured classification for low orders and ranks.

Grodal’s student Sune Reeh in his MS thesis, and beyond, made genuine break-
throughs in the understanding the algebraic Burnside ring of a p–fusion system, and
his work is starting to tie up with work of Diaz, as wells as Gelvin, and promises to
lead to some exciting developments in 2011. Møller and his MS student Jacobsen have
furthermore studied the Euler characteristics of fusion systems, which links to the above
work.

(A2) Classification of group actions on finite complexes. Much of the focus on this area
is scheduled for 2011-12, but there has already been some important advances to report
on. As an unexpected breakthrough, Dwyer and Grodal have found a bound on the rank
of homotopical symmetry of any finite CW–complex, in particular establishing that this
bound is finite. This is a far-reaching generalization of the fact that for a n–dimensional
sphere the maximal number of commuting reflections is n + 1, obtained by sending any
of the n + 1 coordinate axes to its inverse. This last result opens up for several further
directions of research, which will be pursued.

(A3) The homotopy theory of loop groups and affine p–compact groups The so-called
Dwyer–Zabrodsky–Notbohm theorem is being extended to loop groups by Grodal–
Kitchloo, and an even more general version for Kac–Moody groups is also being pursued.
A through understanding of this theorem is needed in order to undertake the systematic
study of affine p–compact groups.
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(B) Symmetry of manifolds and moduli spaces

Core: I. Madsen, E. Pedersen, N. Wahl.
Associated: R. Cohen (visiting), S. Galatius (visiting).
Postdoc: D. Ayala, S. Basu, A. Berglund, R. Hepworth, H. Gimperlein, A. Lahti-

nen, O. Randal-Williams.
PhD: T. Bargheer (NW), T. Danielsen (ext), E. Dotto (IM), A. Klamt (NW),

G. Napolitano (ext).

(B1) Symmetry of Riemann surfaces. There was an emphasis on this part of the research
program at the start of the center, beginning already in September 2009 with the arrival
of Ralph Cohen from Stanford, and much progress has been made.

Cohen and Madsen determined the stability of the moduli space of closed Riemann
surfaces in a background space. Randal-Williams showed that homological stability
holds in a very general manner for moduli spaces of Riemann surfaces with tangential
structures, and in a recent preprint he used this result and Madsen–Weiss methods to
compute the stable rational cohomology of the moduli spaces of r–spin Riemann surfaces
and their integral Picard groups.

Topological conformal field theories give an approach to unstable homology of the
moduli space of Riemann surfaces. In an upcoming preprint together with Westerland,
Wahl shows that the action of the homology of the moduli space of Riemann surfaces in
the field theory associated to string topology factors through an action of compactified
Sullivan diagrams. One can consider compactified Sullivan diagrams as a representation
of the unstable homology of the moduli space of Riemann surfaces. Studying their
homology is thus of particular interest, and a direction of research we will pursue in
2011.

(B2) Symmetry of 3–manifolds. The purpose of this part of the research proposal is to
extend the successful machinery used to study symmetries of surfaces to the study of
symmetries of higher dimensional manifolds, in particular those of dimension 3.
3–manifolds. Using the work of Hatcher–Wahl, Hatcher has computed the stable ho-
mology of the diffeomorphism group of the handlebody mapping class groups. This is a
first computation for such diffeomorphism groups and Hatcher and Wahl will investigate
which other families of diffeomorphisms of 3–manifolds can be computed in this way.
We note though that the recent work of Ebert on the vanishing of the Hirzebruch class
in the cohomology of the diffeomorphism group of 3–manifolds shows that a completely
general stability theorem for diffeomorphisms of 3–manifolds is not to be expected. With
this arises the question of characterizing the non–homological stability of the space of
diffeomorphisms of 3–manifolds. Hatcher gave a popular master class about his work in
November 2010.
Higher dimensional manifolds. Randal-Williams and Galatius have recently computed
the stable homology of the classifying spaces of the diffeomorphism groups of connected
sums of Sd ×Sd for d ≥ 3, using Madsen–Weiss techniques. This is a first breakthrough
in computing homology of diffeomorphisms of higher dimensional manifolds in this con-
text and opens many questions. Berglund and Madsen have work in progress for proving
homological stability for these classifying spaces.

(B3) Algebraic K–theory and classification of manifolds. Hesselholt and Madsen have
recently defined symplectic K–theory of a symmetric ring spectrum and have related
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it to the mapping class group of surfaces. Lahtinen has developed K–theoretic String
Topology, building on ideas of Freed–Hopkins–Teleman.

(C) Symmetry and deformation of non–commutative manifolds

Core: S. Eilers, U. Haagerup, R. Nest, M. Rørdam.
Associated: E. Christensen, T. Katsura (visiting), M. Musat.
Postdoc: C. Levy, J. Öinert, E. Ortega, U. Otgonbayar, L. Robert, T. Shulman.
PhD: S. Anevski (RN), S. Arklint (SE), R. Bentmann (SE/RN), C. Esposito (RN),

R. Johansen (SE), T. de Laat (MM/UH), H. D. Petersen (RN), M. Ramirez-
Solano (EC), A. Sørensen (SE), H. Thiel (MR).

(C1) Baum–Connes conjecture. Using the triangulated structure of the KK–category,
Otgonbayar has in recent work formulated —and proved in certain cases— the Baum–
Connes conjecture in bivariant KK–theory. He has also introduced and developed the
notion of fibrant objects in the homotopy category of C*–algebras, thus giving a unified
homotopy theoretic approach to KK–theory and E–theory.

(C2) Deformation quantization and Index Theorems. In a series of papers, Nest and
coauthors have studied and classified the deformations of algebroid stacks. A new de-
velopment is a proof of the formality theorem for gerby manifolds, which, contrary to
expectations from homotopy theory, involves using non-standard L∞ algebras even on
the classical side, for calculus on manifolds. These results required a careful study of
simplicial structures of higher categories, with methods related to those developed in
section B. A further development in this direction is the proof of an algebraic index
theorem for deformations of gerby symplectic manifolds. These results have direct ap-
plication to the study of Lefschetz type theorems. In particular, they have given a proof
of the Riemann–Roch theorem for twisted D–modules.

(C3) Classification of C*–algebras. Eilers has initiated and partially carried out a clas-
sification program for C*–algebras associated to graphs, which is the first classification
result for non–simple C*–algebras with some subquotients stably finite, and some purely
infinite. The invariant which is conjectured to be sufficient in all cases consists of filtered
K–theory with order. Present work of PhD–students associated to the center, Arklint
and Bentmann, addresses the homological properties of the K–theory associated to these
kinds of C*–algebras and seems to indicate that the projective dimension of such objects
is bounded below what occurs in general. Furthermore Rørdam, together with Ortega,
Thiel and coauthors, have successfully used the Cuntz semi-group in the analysis of
classification problems of stably finite C*–algebras.

4. Commentary on the appendix

Appendix—A: External relations. The table lists 70 external current collaborators on
journal articles, the vast majority international. We mention that the center also has
significant external relations in a broader sense, e.g., in terms of short-term visitors from
all over the world, who all contribute to our research agenda.

While mathematical research is usually best served by a bottom-up format, we are
currently focusing on increasing the inter-university coordination of our research training,
in particular with regards to short courses and masterclasses. For this purpose, we are,
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amongst other initiatives, in the process of formalizing a partnership with EPFL on
hosting research training activities, such as the annual “Young Topologists Meeting”.

Appendix—B: Conferences. (Ba) lists 13 events at the center (5 conferences, 5 work-
shops, and 3 masterclasses) and 9 external event. The number of internal events in 2010
was unusually high, due to a combination of circumstances; details of the events are as
usual on our website. Of the external events we take note in the fact that the center
was part of the program committee of several of the influential Oberwolfach meetings,
a sign of leadership in the mathematical community. (Bb) lists 67 invited talks. In
particular we highlight the talk by J. Grodal at the quadrennial International Congress
of Mathematicians as a stamp of significant international recognition. We also highlight
the colloquium talks, and draw attention to the geographical diversity. Looking at the
list suggests the importance of creating opportunities for postdocs and PhDs to get in-
vited to give seminar talks at foreign universities, something which we plan to address
in a systematic fashion.

Appendix—C: Educational activities. The table lists 18 graduate courses, and states that
we in 2010 finished advising 7 MS theses and 6 BS theses. (The theses are accessible
via the group webpages www.math.ku.dk/topology and www.math.ku.dk/ncg.) Of the
7 MS students, 4 have gone on to pursue PhD degrees, 3 at the center. A key to getting
additional high quality MS students would be to attract more students directly from
abroad, and we plan to examine the administrative procedures for this.

Appendix—D: External funding. We notice that we received approx. 14 MDKK in ex-
ternal funding in 2010, compared to approx. 4 MDKK from DNRF, significantly above
the numbers stated in the contract, allowing for the increase in activity explained in this
report. Large contributors include the KU programme of excellence, the EURYI grant,
and the 3 ERC grants.

Appendix—H: Publications. The center’s publication output is focused on the most pres-
tigious journals. The publication list lists 28 journal publications and 1 conference pro-
ceeding in 2010, of which 7 appear on our “top-10” list. We also maintain a preprint
series “CPH-SYM-00” on www.arxiv.org (linked from our website) to which 31 new
preprints where uploaded in 2010. The website www.ams.org/mathscinet can be used
to access historical publication information. We draw attention to our cautionary notes
about bibliometric analysis in mathematics given in the appendix section H.

5. Signature

Ved underskriften bekræftes det, at beretningen og regnskab med tilhørende noter og
oversigter indeholder alle relevante oplysninger, som vedrører årets primære aktiviteter
i Danmarks Grundforskningsfond Center for Symmetri og Deformation.

31. Marts, 2011 Jesper Grodal
professor, centerleder


