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Welcome!

Welcome to Perth for this Workshop on Buildings and Symmetry. The workshop is
part of our research project on “Buildings: opposition, twinnings and symmetry”, and
we are grateful for the support of the University of Western Australia.

As well as lots of engaging talks, we hope there will be lots of discussions, and the
white boards will be put to good use.

We wish you an interesting and exciting conference, and a pleasant stay in Perth.

The organisers:
Alice Devillers

Bernhard Mühlherr
James Parkinson

Hendrik Van Maldeghem
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Schedule

All talks will take place in the Cheryl Praeger Lecture Room.
Monday Tuesday Wednesday Thursday Friday

9:15 – 9:30 Welcome
9:30 – 10:30 Arjeh Cohen 6 Don Taylor 20 Rieuwert Blok 4 Peter Abra-

menko 2
John Bamberg 3

10:30 – 11:00 Anneleen De
Schepper 9

Morning Tea Karsten Naert
15

Thibaut Dumont
10

Cheryl Praeger
16

11:00 – 11:30 Morning Tea Bob Howlett 14 Morning Tea Morning Tea Morning Tea
11:30 – 12:00 Matthias

Grüninger 11 Max Horn 13 Stefan Witzel 22 Bart De Bruyn 712:00 – 12:30 Lunch Break
12:30 – 14:15 Lunch Break Lunch Break Lunch Break Lunch Break
14:15 – 15:15 Tom De Medts 8

Excursion
Guy Rousseau
18

Nicolas Radu 17 Richard Weiss
21

15:15 – 15:45 Afternoon Tea Afternoon Tea Afternoon Tea Afternoon Tea
15:45 – 16:45 Jeroen Schille-

waert 19
Corneliu Hoff-
man 12

Corina Ciobo-
taru 5
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1 Abstracts

Peter Abramenko – Non-standard realizations of buildings 2

John Bamberg – Symmetries of finite generalised polygons 3

Rieuwert Blok – Curtis-Tits and Phan Groups 4

Corina Ciobotaru – The cone topology on masures 5

Arjeh M. Cohen – Lie algebras, inner ideals, and buildings 6

Bart De Bruyn – Some recent results on generalised polygons 7

Tom De Medts – Axial algebras for exceptional Chevalley groups 8

Anneleen De Schepper – Somewhere between the split and nonsplit Magic Square 9

Thibaut Dumont – Poisson transform in regular Euclidean buildings 10

Matthias Grüninger – Cubic action of rank one groups 11

Corneliu Hoffman – Classifying amalgams 12

Max Horn – Kac-Moody symmetric spaces 13

Robert B. Howlett – Isomorphisms of Coxeter groups that do not preserve reflec-
tions 14

Karsten Naert – Mixed buildings from mixed algebraic groups 15

Cheryl E.Praeger – Primitive permutation groups and generalised quadrangles 16

Nicolas Radu – Automorphism groups of Ã2-buildings 17

Guy Rousseau – Hecke algebras for Kac-Moody groups over local fields 18

Jeroen Schillewaert – Geometries with exceptional symmetry 19

Don Taylor – Real reflection groups in a complex context 20

Richard M. Weiss – Tits Polygons 21

Stefan Witzel – On panel-regular Ã2 lattices 22
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Non-standard realizations of buildings
Peter Abramenko

University of Virginia, Charlottesville, USA

(Joint work with Zach Gates)

Buildings, introduced by Jacques Tits, are basically combinatorial objects which are
defined by chambers and their adjacency relations. However, an important feature of
buildings is their geometric nature, which can be realized in many different ways. For
instance, if one just wants to visualize the chambers and their adjacency relations, one
gets an (edge-colored) graph. Another way is to interpret buildings as simplicial com-
plexes of dimension one less than the rank of the building. Passing on to the geometric
realization of these (still combinatorial) simplicial complexes one gets associated topo-
logical spaces, which can often be provided in a natural way with a metric. If one
wants “nice” metric spaces (i.e. CAT(0) spaces), one may also consider the Davis re-
alization of a building, in which only certain simplices are realized. There are more
general ways to associate topological or metric spaces to buildings which were briefly
discussed in one section of the book by Ken Brown and the speaker. However, until
recently not many serious applications of non-standard realizations of buildings were
known.
In the talk it will be shown how trees (not to be confused with the above-mentioned
chamber graphs) can be associated in a natural way to some higher rank buildings,
and how this can be used to prove that certain Kac-Moody groups over finite fields are
not finitely presented (in fact not of type FP2). This is all joint work with Zach Gates,
and the group theoretic application also uses a result by Giovanni Gandini which is
based on a theorem by Peter Kropholler.

pa8e@virginia.edu Abstracts
Schedule
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Symmetries of finite generalised polygons
John Bamberg

University of Western Australia

Finite generalised polygons are the rank 2 irreducible spherical buildings, and in-
clude projective planes and the generalised quadrangles, hexagons, and octagons. Since
the early work of Ostrom and Wagner on the automorphism groups of finite projective
planes, there has been great interest in what the automorphism groups of generalised
polygons can be, and in particular, whether it is possible to classify generalised poly-
gons with a prescribed symmetry condition. For example, the finite Moufang polygons
are the ‘classical’ examples by a theorem of Fong and Seitz (1973-1974) (and the infinite
examples were classified in the work of Tits and Weiss (2002)). In this talk, we give an
overview of some recent results on the study of symmetric finite generalised polygons,
with an emphasis on future directions and open problems.

john.bamberg@uwa.edu.au Abstracts
Schedule
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Curtis-Tits and Phan Groups
Rieuwert Blok

Bowling Green State University, USA

(Joint work with C. Hoffman)

Having classified all (3-spherical) Curtis-Tits amalgams we define a Curtis-Tits group
to be a non-trivial completion of such an amalgam. We now study group-theoretic
properties of such groups as well as properties derived from their action on building-
like structures.

rblok@bgsu.edu Abstracts
Schedule
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The cone topology on masures
Corina Ciobotaru

University of Fribourg, Switzerland

(Joint work with Bernhard Mühlherr and Guy Rousseau)

A masure is a generalization of Bruhat–Tits building covered by a system of apart-
ments that are finite dimensional real affine spaces endowed with a set of affine hyper-
planes, the walls. Still, the set of walls is not always a locally finite system of hyper-
planes and it is no longer true that any two points are contained in a common apart-
ment. Moreover, a masure might not have a CAT(0)-space topology. However, we are
able to define a canonical cone topology on the set of chambers of the twin building
at infinity of a masure and prove some remarkable properties. As a consequence of
our investigation, the twin building at infinity of a masure with the cone topology is a
“weak topological twin building” in a natural and direct way. The main examples are
twin buildings associated with Kac–Moody groups over non-Archimedean local fields.

corina.ciobotaru@unifr.ch Abstracts
Schedule
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Lie algebras, inner ideals, and buildings
Arjeh M. Cohen

Technische Universiteit Eindhoven

A linear subspace I of a Lie algebra L over a field of characteristic distinct from 2
satisfying [I, [I, L]] ⊆ I is called an inner ideal. We will show that, in the correspon-
dence between classical Lie algebras (i.e., Lie algebras of simple algebraic groups) and
buildings of algebraic groups reflecting the correspondence between Chevalley groups
and buildings, the inner ideals are the counterparts of parabolic subgroups in that they
represent the elements of the building.

Our work uses results of Georgia Benkart on inner ideals and generalizes the results
of John R. Faulkner on the geometry of inner ideals.

arjehmcohen@gmail.com Abstracts
Schedule
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Some recent results on generalised polygons
Bart De Bruyn

Ghent University, Ghent, Belgium

My talk consist of two main parts.

In the first part of my talk, I will discuss classification and non-existence results for
generalised 2d-gons of order (s, t) containing a particular generalised 2d-gon S of order
(s, t′) as a full subgeometry. My discussion includes the cases where S is a generalised
octagon of order (2, 1), a split-Cayley hexagon of order q ∈ {2, 3, 4} or a dual split
Cayley hexagon of order q ∈ {2, 3, 4}. Most of this work is joint with Anurag Bishnoi.

In the second part of my talk, I will discuss some results related to the Haemers-
Roos inequality for generalised hexagons. The Haemers-Roos inequality states that
t ≤ s2 for any generalised hexagon of order (s, t) with s 6= 1. Generalised hexagons for
which t = s3 are called extremal. We give a combinatorial characterisation of extremal
generalised hexagons (among all generalised hexagons).

The Haemers-Roos inequality can be generalised to so-called regular near hexagons
with parameters (s, t, t2) with s 6= 1. The Haemers-Mathon bound states that t ≤
s2 + t2(s

2 − s + 1) for such near hexagons. We indicate how the above-mentioned
combinatorial characterisation can be generalised to “extremal regular near hexagons”.

We discuss two further generalisations of the Haemers-Roos and Haemers-Mathon
bounds to arbitrary finite near hexagons with an order. We also discuss some applica-
tions of these results to the classification of particular near hexagons.

Bart.DeBruyn@UGent.be Abstracts
Schedule
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Axial algebras for exceptional Chevalley groups
Tom De Medts

Ghent University, Belgium

(Joint work with Sergey Shpectorov and Michiel Van Couwenberghe)

Axial algebras form a relatively new class of commutative non-associative algebras.
So far, they have mainly been used to realize finite groups inside the automorphism
group of such an algebra; the prominent example is the Monster group arising as the
automorphism group of the 196884-dimensional Griess algebra.

Our project (which is still at an early stage) aims to realize the exceptional Chevalley
groups over arbitrary fields as the automorphism group of a suitable axial algebra. In
particular, this would allow us to describe groups of type E8 as the automorphism
group of some 3875-dimensional commutative non-associative algebra; the existence
of such an algebra was observed by S. Garibaldi and R. Guralnick, but was not explicit
at all.

We will explain how we can explicitly construct such an algebra, and how the the-
ory of axial algebras could help us in gaining a deeper understanding of these algebras.
We will also illustrate this with some computational results for groups of type G2, F4,
E6 and E7.

Tom.DeMedts@UGent.be Abstracts
Schedule
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Somewhere between the split and nonsplit
Magic Square
Anneleen De Schepper

Ghent University, Belgium

(Joint work with Hendrik Van Maldeghem)

The second row of the Magic Square, a 4× 4 table of Lie algebras, contains geome-
tries of Dynkin types A2, A2×A2, A5 and E6. In the nonsplit version these are Moufang
projective planes; in the split version Severi varieties. Despite their different nature,
they can be characterised uniformly as a family of quadrics (of minimal or maximal
Witt index, respectively) satisfying three axioms, called the Mazzocca-Melone axioms.
Conjecturally, no nontrivial geometry satisfies these axioms when made up of a fam-
ily of quadrics whose Witt index is neither minimal nor maximal. However, allowing
degenerate quadrics, new (‘singular’) geometries arise, turning the Magic Square into a
Magic Prism.

We explain how these singular geometries arise and behave, look at the algebras
over which they are defined and how these in fact generate the prototypes of those
geometries.

Anneleen.DeSchepper@UGent.be Abstracts
Schedule

9

mailto:Anneleen.DeSchepper@UGent.be


Chapter 1. Abstracts 10

Poisson transform in regular Euclidean
buildings
Thibaut Dumont

University of Jyväskylä

The Poisson transform relative to an Iwahori subgroup was introduced by Klingler
in [3] and is a handy tool for studying unitary representations of p-adic groups. We
present a definition extending the concept to regular Euclidean buildings: the Pois-
son transform relative to a chamber. The transform is an integral for locally constant
functions on the spherical building at infinity with respect to a family of signed visual
measures. Each such measure depends on a chamber in the Euclidean building playing
the rôle of the observer. Some geometric and combinatorial aspects will be discussed
in connection with a problem of cocycle growth studied in [1], [2].

References

[1] T. Dumont, Cocycle growth for the Steinberg representation, Ph.D. thesis, École polytechnique
fédérale de Lausanne, 2016.

[2] T. Dumont, Norm growth for the Busemann cocycle, ArXiv e-print 1704.02274, 2017.

[3] B. Klingler, Transformation de type Poisson relative aux groupes d’Iwahori, in Algebraic groups
and arithmetic, Tata Inst. Fund. Res., Mumbai, 2004, 321–337.
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Cubic action of rank one groups
Matthias Grüninger

Julius-Maximilians-Universität Würzburg, Germany

Let G be a group generated by two distinct, nilpotent subgroups A and B. Then
G is called a rank one group with unipotent subgroups A and B if for all 1 6= a ∈ A there
is an element b ∈ B with Ab = Ba. The prototype of a rank one group is the group
(P)SL2(K), where K is a field or a skew field and A and B are the subgroups consisting
of lower resp. upper unipotent matrices.

We say that a rank one group G acts unipotently of degree n ≥ 2 on a G-module V if
n is the smallest natural number such that [V,A, . . . , A︸ ︷︷ ︸

n

] = 0, but [V,G, . . . , G︸ ︷︷ ︸
n

] 6= 0. For

n = 2, V is called a quadratic module for G, and for n = 3, V is called a cubic module
for G. The classification of all rank one groups acting unipotently of small degree on a
module V might be an important step towards a classification of rank one groups. In
[1] Timmesfeld classified all rank one groups having a quadratic module. In this talk,
we present a partial classification of all rank one groups having a cubic module that
is obtained by using Timmesfeld’s result. We also explain the impact of our results on
quadratic pairs.

References
[1] F. G. Timmesfeld Quadratic rank-one groups and quadratic Jordan algebras, Proc. London Math.

Soc. (3) 95, 156-178 (2007).
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Classifying amalgams
Corneliu Hoffman

University of Birmingham, UK

(Joint work with R. Blok, S. Shpectorov)

We discuss the problem of classifying amalgams that look like the amalgam of small
rank Levi subgroups in groups of Kac-Moody type (and some interesting subgroups).
It turns out that, under vey mild assumptions, these either collapse or are isomorphic
to a standard amalgam of a twisted form of the corresponding group of Kac-Moody
type. This is a result that is needed in the second generation proof of the Classification
of Finite Simple Groups.

c.g.hoffman@bham.ac.uk Abstracts
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Kac-Moody symmetric spaces
Max Horn

Universität Gießen, Germany

(Joint work with Walter Freyn, Tobias Hartnick and Ralf Köhl)

Kac-Moody groups can be thought of as a infinite-dimensional generalizations of
semisimple Lie groups. They are endowed with a twin BN-pair, and thus act on a
twin building. They can be understood (at least in the so-called two-spherical case)
as amalgams of rank-2-subgroups such as SL3 or SL2 × SL2. With this descriptions,
many problems about Kac-Moody groups can be reduced to questions about SL2 or
rank-2-Lie groups.

We will discuss what a symmetric space associated to a Lie group is. I will then
give a possible definition for what we call “Kac-Moody symmetric space”, and why
we think that these are good and interesting analogues for classical symmetric spaces,
despite the absence of a manifold structure. I will also state some recent results on
these spaces, obtained jointly with Walter Freyn, Tobias Hartnick and Ralf Köhl (see
https://arxiv.org/abs/1702.08426 for a preprint).

max.horn@math.uni-giessen.de Abstracts
Schedule
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Isomorphisms of Coxeter groups that do not
preserve reflections

Robert B. Howlett
University of Sydney

(Joint work with Bernhard M. Mühlherr)

Let (W,S) and (X,R) be Coxeter systems, with corresponding Coxeter diagrams Γ
and Γ′. It is possible for W and X to be isomorphic groups without Γ and Γ′ being
isomorphic graphs; for example, whenever n is odd and n > 3, the finite Coxeter
groups of types Cn and A1 + Dn are isomorphic, as are the finite Coxeter groups of
types I2(2n) and A1 + I2(n). Consequently, given a Coxeter group W with Coxeter
generating set S, it is sometimes possible to find another Coxeter generating set S ′

such that #S ′ = 1 + #S, by replacing a Cn subsystem by an A1 + Dn, or an I2(2n) by
an A1 + I2(n). We say that (W,S) is saturated if no such “blowing-up” is possible.

Our main result is that if (W,S) is a saturated Coxeter system then Aut(W ) has a
finite subgroup Σ(W ), generators of which can be easily written down by inspection
of the Coxeter diagram, such that if (X,R) is another saturated Coxeter system and
X ∼= W , then every isomorphism X → W is the composite of a reflection preserving
isomorphism and an element of Σ(W ). In this way, the problem of classifying iso-
morphisms between Coxeter groups is reduced to the problem of classifying reflection
preserving isomorphisms.

Robert.Howlett@sydney.edu.au Abstracts
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Mixed buildings from mixed algebraic groups
Karsten Naert

Ghent University, Belgium

It was shown by J. Tits and R. Weiss that every Moufang building of rank ≥ 2 is
classical, algebraic, or mixed. Out of these classes, the mixed buildings are the most
elusive. We will present a framework in which these mixed buildings are associated
to mixed algebraic groups, which are algebraic groups defined over a pair of fields (k, `)
rather than a single field. We will also elaborate on the connection with the twisted
groups of Suzuki-Ree-Tits and their geometries.

karsten.naert@gmail.com Abstracts
Schedule
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Primitive permutation groups and generalised
quadrangles

Cheryl E.Praeger
University of Western Australia

(Joint work with John Bamberg and Tomasz Popiel)

The classification of flag-transitive generalised quadrangles is a long-standing open
problem at the interface of finite geometry and permutation group theory. Given that
all of the known flag-transitive generalised quadrangles are also point-primitive (up to
point-line duality), it is natural to seek a classification of the point-primitive examples.
I will discuss some recent joint work with John Bamberg and Tomasz Popiel on this
problem, and in particular outline how some remaining difficulties lead to questions
about fixities of certain primitive permutation groups.

cheryl.praeger@uwa.edu.au Abstracts
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Automorphism groups of Ã2-buildings
Nicolas Radu

Université Catholique de Louvain, Louvain-la-Neuve, Belgium

In this talk we are mainly interested in locally finite thick buildings of type Ã2.
Such a building is called Bruhat-Tits if it is the one associated to PGL(3, D) for some
finite dimensional division algebra D over a local field. It is called exotic otherwise.
There are many ways to construct Ã2-buildings; one of them is the so-called Tits’ local
approach. It consists in constructing a finite complex X whose universal cover X̃ is
an Ã2-building admitting the fundamental group of X as a cocompact lattice. It is in
general difficult to determine whether X̃ is Bruhat-Tits or exotic. Our first concern is to
give a sufficient condition for an Ã2-building to be exotic. This can be used to partially
prove a conjecture of S. Witzel stating that the density of Singer lattices with parameter
q which are exotic tends to 1 when q tends to infinity. Once an Ã2-building is known to
be exotic, a further question to ask is whether its automorphism group is discrete. This
is the subject of the second part of the presentation.

nicolas.radu@uclouvain.be Abstracts
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Hecke algebras for Kac-Moody groups over
local fields

Guy Rousseau
Université de Lorraine

(Joint work with Nicole Bardy-Panse and Stéphane Gaussent)

Hecke algebras are classically convolution algebras H(G,K) of complex functions
on a group G, bi-invariant by a subgroup K with some condition of support. When
G is a semi-simple group over an ultrametric local field F , one takes for K a (good)
maximal compact subgroup, or KI an Iwahori subgroup. Actually K (resp. KI) is the
stabilizer in G of a (good) vertex (resp. an alcove) in the Bruhat-Tits building of G. Then
the algebra H(G,KI) has two interesting presentations and H(G,K) is commutative,
isomorphic, via the Satake isomorphism, to an algebra of Weyl-invariant polynomials.

I shall explain the generalization of this when G is a Kac-Moody group. It involves
masures (= hovels) instead of buildings.

Guy.Rousseau@univ-lorraine.fr Abstracts
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Geometries with exceptional symmetry
Jeroen Schillewaert

University of Auckland

(Joint work with Hendrik Van Maldeghem)

I will discuss the progress on our long-term project which is to provide a uniform
combinatorial characterization of the projective embeddings of the geometries associ-
ated to the Freudenthal-Tits magic square. The latter was introduced to study excep-
tional Lie algebras, which are constructed starting from a pair of composition algebras.
The holy grail of this project is to answer the long-standing question of finding an
explicit geometric description of a module for E8.

jschillewaert@gmail.com Abstracts
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Real reflection groups in a complex context
Don Taylor

The University of Sydney

(Joint work with Muralee Krishnasamy)

The usual notion of a reflection in Euclidean space has a natural analogue in vector
spaces over the complex numbers.

It is well known that the normaliser of a parabolic subgroup of a finite Coxeter
group is the semidirect product of the parabolic subgroup by the stabiliser of a set of
simple roots. A similar results hold for all finite complex reflection groups: namely, the
normaliser of a parabolic subgroup is a semidirect product. In many, but not all, cases
the complement can be obtained as the stabiliser of a set of roots.

Various recent notions of root data and root systems for complex reflection groups
will also be reported on. For parabolic subgroups that are also Coxeter groups there
are analogues of the simple roots and positive roots within the ambient complex root
system.

donald.taylor@usyd.edu.au Abstracts
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Tits Polygons
Richard M. Weiss

Tufts University

(Joint work with Bernhard Mühlherr)

The notion of a Tits polygon generalizes the notion of a Moufang polygon. The clas-
sification of Moufang polygons shows that each family is classified by a corresponding
family of algebraic structures. In each case, these algebraic structures are required to be
anisotropic in a suitable sense. Tits polygons should correspond, roughly speaking, to
the same families of algebraic structures but with a weaker version of the anisotropic
condition. Tits polygons arise naturally “in nature” and, in fact, are quite common. We
will describe a rich family of examples related to Tits indices. Our long term goal is
to classify Tits polygons (under suitable restrictions). We will describe some first steps
toward such a classification.

rweiss@tufts.edu Abstracts
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On panel-regular Ã2 lattices
Stefan Witzel

Bielefeld University

I will talk about groups that act on buildings of type Ã2 preserving types and acting
sharply transitively on panels of each type. It turns out that the number of such groups
(up to isomorphism) grows very fast with the thickness q + 1 of the building. For most
of the results I will restrict to the cases q ∈ {2, 3, 4, 5} and answer questions like: Which
of the groups are arithmetic? Which act on Bruhat–Tits buildings? When are two of
them abstractly commensurable or quasi-isometric?
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