
MATHEMATISC.HES FORSCHUNGSINSTITUT OBERWOLFACH

Tag u n g s b e r ich t 32/91

Gruppen und Geometrien

28.07. bis 03.08.1991

Die Tagung "Gruppen und Geometrien" fand unter der Leitung der Herren M .Aschbacher,
Caltech, B. Kantor, Eugene und F. Timmesfeld, Gießen statt. Im Mittelpunkt des Inter
esses standen Anwendungen der Klassifikation der endlichen einfachen Gruppen, Struktur
der einfachen endlichen und algebraischen Gruppen (unter Benutzung der Klassifikation)
und Gebäude und Diagrammgeometrien. Durch die Arbeiten von Aschbacher, Segev und
Smith trat zusätzlich ein neuer Themenkomplex: Gruppenoperationen auf endlichen sim
plicialen Komplexen und die Quillenvermutung in den Vordergrund.
Insgesamt zeigte sich, daß die Gebäudegeometrie und die Theorie der algebraischen Grup
pen immer größere Bedeutung für die endliche Gruppentheorie gewinnen.

Vortragsauszüge

M. ASCHBACHER:
Groups acting on finite simplicial complexes

Here are fi·ve open questions about p-group complexes of finite groups. Let G be a finite
group and p prime; A p ( G) is the Quillen complex of G at p.

e 1. Prove the Quillen Conjecture: Ap(G) is contractible if and only if Op(G) f- 1.

2. Let q be odd, q == -1 modp. Prove Htop(Ap(G» f:. O.

3. Let G = AF*(G) with A ~ Epn, n ~ 3, F*(G) the product of simple components of
order prime to p permuted transitively by A. Prove Ap(G) is simply connected.

4. Determine for which simple groups G and primes p, Ap( G) is simply connected.

5. Determine the homology of A p ( C) for each simple group G and prime p.
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R. BADDELEY:
Primitive permutation groups of twisted wreath type

The Q'Nan-Scott theorem is a reduction theorem for primitive permutation groups: it
describes various classes to which any primitive permutation group must belong. Amongst
these is the dass of twisted wreath type which is characterized by a regular non-abelian __
soele. We give a constructive description of such primitive permutation groups which has ..
proved useful in applications. Some interesting paralieis with other primitive permutation
groups are also drawn.

C. BENNETT:
Generalized Spherical Buildings - Imaginary Roots

In the study of hyperbolic buildings, the ques'tion of what happens at infinity arises. In
twin buildings of hyperbolic type, the question becomes more interesting. In this .talk
we study the collar at infinity (or hyperinfinity) on hyperbolic twin buildings, where the
real apartments correspond to the Tits Cone. In the associated root syst~m to almost all
hyperbolic buildings, there exist imaginary roots whose reflections preserve the real rqots,
and whose walls He entirely in the collar. We define a Generalized Spherical Building
(GSB) which will allow for apartments to join in the co.llar. The type of the GS~ is the
underlying reflection group. Finally we state three theorems:
Theorem 1. A GSB with type a spherical Coxeter group is a spherical building.
Theorem 2. A GSB with type a Coxeter group is naturally associated with a unique twin
building; and
Theorem 3. There exist GSB buildings which do not arise from twin buildings.

A. E. BROUWER:
Geometries on distant objects

Observation: Let ß be a weak building with finite Coxeter complexes as apartments. Call
two x, y of ß far, when there is an apartment E and opposite chambers c, d of E such
that x ~ c andy~ d.
Let Far6(x) the complex of all elements of ß far from x. Then Far6(x) n St(y) =
FarSt(y)(projy(x», so Far6(x) is a Buekenhout-Tits geometry with diagram obtained
from that of ß by putting arrows on all edges incident with a vertex of op(typ(x»)"
(pointing towards that vertex), where ~ denotes the subgeometry of a ge
neralized m - gon consisting of everything far from a line (resp. point) for m even
(resp. odd), and .~ denotes such a subgeometry consisting of everything
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far from a flag. For example, selecting for x an object (

of E6 , the geometry Far l1 (x) will have diagram , that is

~

B. N. COOPERSTEIN:
~1aximaI Subgroups of Groups of type E 7

Let ]( be a field of characteristic not two, V a vector space of dimension 8 over K, W =
HomK(U, K) the dual space ofV. Let:X = A2(V), Y = A2(W) and M = XEBY. An expli
cit 4-homogeneous form Fon M is eonstructed with group ofisometries :J(M,F) ~ E7(K)
(universal group). Notion of singular point and singular line is introdueed. Several sub
spaces will be exhibited and their stabilizer shown to be maximal subgroups. In particular,
each of the classes of parabolie subgroups will be shown as stabilizers of singular subspaees
or a symplecton. Other important subspaees exhibited will have dimensions 8, 14, 20 and
32, with respective stabilizers D4 . A? . Sym(3), C3 . G2 , As . A3 , and D6 • Al. These ~ill

be subspaces satisfying:

(i) non-degenerate with respect tothe alternating bilinear form

(ii) non-trivial with respect to F

(iii) contain singular points, and every such singular point lies on at least two singular
lines.

We will discuss the characterization of such subspaces as weIl as the singularly generated
maximal totally isotropie subspaces.

H. CUYPERS: (Joint with J.I. Hall)
Groups generated by 3-Transpositions

Let G be a group and D a conjugacy dass of involutions in G such that Idel = 1,2 or 3
for all d, e E D and G = (D). Then D is called a conjugacy dass of 3-transpositions in G.
We discuss the classification of the centerfree groups G generated by a conjugacy dass D
of 3-transpositions.
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A. DELGADO:
A strueture theorem for ehar p-type groups

We discuss a strueture theorem for finite groups of weak eharaeteristie p-type. Reeall that
a finite group is of weak eharaeteristie p-type if eaeh of its p-Ioeal subgroups eontaining a
Sylow p-subgroup is p-eonstrained. The theorem is as folIows. a
Theorem. Let G be a finite group of weak eharaeteristie· p-type. Let S be a Sylow p- •
subgroup of G. Then either NG(S) lies in a unique maximal p-Ioeal subgroup of G or
there exists a minimal p-Ioeal subgroup PI and a classieal p-Ioeal subgroup P2 sO that
01'( (Pt, P2}) = 1.
A p-Ioeal subgroup in which Nc(S) lies in a unique maximal p-Ioeal subgroup is ealled a
minimal p-Ioeal subgroup. A p-Ioeal subgroup is classieal if it is either a solvable minimal
p-Ioeal subgroup or if it is of the form ]((NG(S)) . Nc(S) for same p-component ](.
The proof of the theorem uses in a critical way the subgroup

Ds(G) = nOp(X),

where the interseetion is over all the calssical p-Ioeal subgroups eontaining NG(S), This
is a variation on a group first eonsidered by Gorni.
More precisely we show that either the first alternative of the theorem holds or that there
exists a minimal p-Ioeal subgroup not normalizing Ds(G), and that any such can be taken
to be the minimal p-Ioeal subgroup of the second alternative in the theorem. From a
geometrie point of view this theorem is a first step in determining a diagram for a finite
group of weak eharaeteristie p-type. For eomparing this theorem with the known parabolic
strueture of a finite group of Lie-type over a field of eharaeteristie p we see that either the
group is of Lie-rank 1 - and the first alternative of the theorem holds - or PI is·a parabolie
associated to an end fiode of the Dynkin diagram and P2 is the parabolie associated to

. the remaining nodes. Henee the theorem ean be viewed as identifying the end Dodes of a
geometry for the group.

P. FLAVELL:
Locally trivial automorphisms of finite groups

Theorem. Let G<J X, X/G ~ Zp and suppose

(i) X = GCx(A) for every nilpotent subgroup A of G.

(ii) Sylow p-subgroups of Gare eyclic.

Then X =GCx(G).
Problem. Weaken (ii) to abelian Sylow p-subgroups and prove the same eonclusion.
Theorem. Let G be a group that has an outer automorphism of order p. Assurne that
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8a(x) =8H(X) where

•

•

"..

(i) Op(G) = 1

(ii) A Sylow p-subgroup of G is abelian

Then there is q #:- p such that a Sylow q-subgroup of G has order> p.
Problem Remave condition (ii) (without using the classification).

R.M. GURALNIK:
Flag Transitive Subgroups and tbe Kegel-Wielandt Conjecture

Let G be a finite group and p a prime. If H<l Gor H is p-flag t~ansitive (i.e. H is transitive
on Sylp(G) ) then clearly P n H E Syl1'(H) for all P E Sylp(G). Following Kegel, we say
His- p-subnormal in G (and write H ~p G) if the last property bolds. In joint wirk with
Kleidman and Lyons, we classify all· (G, H, p) with F* (G) simple, H = 01" (H) '~p G and -

. p ~ 5. In particular, 1 #:- 01" (·H) is p-flag transitive. This haS several consequences. Tbe
first one is a short proof of the Kegel-Wielandi conjecture recently obtained by Kleidmann:

H. $1' G Jor :all p <==> H <l. <lG..

Another consequence is that for p 2:: 5, H $1' G <==> 3 OP'(H) =Go < GI < ... < G,.,;, =
-G with Gi' <J Gi+l or'" Gi p-ßag transitivefor each i 2:: -0. This is false for p = 2,3.
The proof depends on tbe following observation: .

1. If x E H :51' G is a p-element, then

IxGI
Ga (~) = IxQ n PI' PE- Sylp(G)

2. UR :5p G, P :5 If (P E Sylp(G» then H n K $1' Is.'.

St. HEISS: ,
Apartments in Tits geometries

Let r be a geornetry and G be a group acting Hag transiiively on r. Let 13 be tbe
stabilizer in G of achamber (maximal Hag) of r. An apartment A of r is defined to be a
thin, connected subgeometry, s.t. N = Staba(A) acts transitivelyon the set.of cbambers
of A. .

Some examples (over GF(2» are given to illustrate tbe fact that buildings possess' more
than just the apartments defined by the Weyl group of G (G being agroup of Lie type).
However, for any apartment in a Moufang building the condition G =BN B is satisfied.
In case r is defined by a weak BN-pair, G. Stroth and R. Weiss proved that the existence
of an apartment with G = RNB implies that r is a building or the 3-fold cover of the
Sp4(2)-generalized quadrangle (~).
For geometries of higher rank, the following results have been obtained so far:
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1. Let r be a finite, classical Tits geometry over GF(2) having no residue' of type
0====0===0,'~, or~.
If r has an apartment satisfying G = BN B , then r is a building.

2. If r is a geometry of type ~, then G = M 24 , ,He or 37 • Sp6(2) and
in any case r does not" posses an apartment with G = B NB.

•CH. HO:
Regular and totally irregular collineation groups

Finite projective planes admitting totally irregular collineation groups include Desargue
sian, Hughes, Figueiroa, Hall and translation planes with non-trivial complement. A joint
work with Goncalves classifies non-abelian simple totally irregular collineation groups
containing an involutory per,spectivity. Results on the structure of a regularcollineation
group, a Sylow 2·subgroup of the multiplier group, and the function x 2 + x + 1 = qa of,a
paper to appear in the Journal of Algebra are presented. Finally, the following result is
announced:
The number of involutions of a finite non-abelian simple group G is less than or equal to '
1/4 ·IGI. Equality holds if and onir if G=As. -

D. R. HUGHES:
Cayley covers of graphs and Singer covers of structures

If r is a connected finite regular graph, we show that there is a (non-empty) finite set of
Cayley graphs Cay(G, D) such that each covers r with a deck group H < G; these are
the minimal Cayley covers of r. If f' = Cay(G', D') is any Cayley graph covering r, with
deck group H' < G' then r' covers one of the minimal Cayley covers, with deck group
CoreG,(H'). Furthermore, r has an undirected Cayley cover if and only if the edges of
r can be partitioned into a union of I-factors and 2-factors. Such a partition exists at •
least when r has even degree, or is vertex-transitive, or is bipartite; but there are graphs
without such a partition.
If G is a group with generating set D, then the Singer structure Sing(G, D) is defined
analogously' to the Cayley graph, in an obvious way. (As for the graph case, there are
easily-satisfied restrictions on D.) Then similar statements to the above hold for any
connected, finite, regular and uniform structure. There are possible applications to the
problem of finding automorphisms of finite projective planes.
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A. A. IVANOV
Presenting the Baby Monster

We prove that Y433 is isomorphie to 2 x 2· F2 , where F2 is Fischer's Baby Monster group.
This answers the last open problem eoncerning description of Y -groups. The result im
plies in partieular that Y553 and Y 555 are fabulous systems' of generators for the Monster
and Bimonster, respeetively, in a sense introdueed by J. Conway. We also give a new
independent proof that Y555 ~s the Bi.monster.

HUANG JIANHUA:"
Amalgams of rank 2 involving wreath products

Let G be a group, n = {Pt"", Pn } a set of proper subgroups of G such that:

(2) B = Pi n Pj, i :/= j, is independent of i,j E J,

(3) No non-trivial normal subgroup of G is contained in B.

A group satisfying (1)-(3) is called an amalgam of rank n.
A natural problem eoneerning amalgams is: If G is an alnalgam with' n = {PI,"', Pn }

such that: For a fixed prime p, we have furthermore:

(5) Pi/Op(Pi) is isomorphie to same given group , for i = 1,·,·, n.

Then what ean we say about the strueture of Pt, ... , Pn ?
In ~his paper we dealt, with amalgams of rank 2, involving wreath produets. Set

: ß = {(S)L 2(q),(S)U3(q),q = pn,p a prime; : Sz(22m+t )).

First we make the following:
Hypothesis A. Let G be an amalgam of rank 2 with n = {Pt, P2}' And there is Pi ~ Pi,
i = 1,2 such that

2. Pi/Op(Pil S! Ei WTCi, where Ei E ß, Ci is a eyclic group of order Ti is either 1 or a .
power of a prime and at least one of them is not 1.
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There are three cases to be considered:

(i) Tl ~ I,"T2 = 1, and (TI,P) = 1,

(H) TI:l I" T2 = i, and (TI,P):F 1,

(iii) Tl :I 1 # T2.

In trus paper we solved the first case and have the following theorem:
Theorem Let {G; Pi, P2; PI, P2 } be a.s in Hypothesis A. Then one of the following holds:

1. G has an amalgam structure similar to L4(q) ·2, Le. PI ~ q4SL2(q)wrC2 , and
P2 ~ ql+2+2SL2(q), where q = pn, p an odd prime.

2. G has an amalgam structure similar to D4(q) ·3, Le. PI I"'W ql+88L2{q) wrC3 , and
P2 I"'W q2+I+I+I+2+2+2SL2(q),q = pn, p a prime and is coprime with 3.

Case (ii) hasn't been completely solved yet. However same interesting example may be
worth mentioning, that is an amalgam similar to Fs, we have:

P2 ~ 23+2+6+2(3 X E3 ).

Case (iii) seems too hard to deal with.

w. M. KANTOR:
Orders of group elements:

•

Let G bea group and p a prime. Write J-Lp{G) := PTob(g E G has order divisible by p).
Theorem (Isaacs, Kantor, Spaltenstein). If G ~ Sn and pilGI,· then J-Lp(G) 2:: I/n.
Equality ~olds if and only if G = 5 p = Sn or G is a sharply 2-transitive group with pln. •

M. H. KLIN:
On the strongly regular graph with parameters v = 144, k = 39 A =6,p = 2

The strongly regular graph r with parameters (144,39,6,2) firstly was constructed by
A.A. Ivanov, M.H. Klin and LA. Faradiev in 1984 with the aid of a computer. This graph
admits a primitive action of P5L(3, 3). We give here a description of r in terms of the
projective plane PG(2, 3).
Let <p = (0, 1,2,3,4,5,6, 7,8,9, 10, 11, 12) be a permutation on the set of points.
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Let li = {0,1,3,9}cpi, 0 ~ i ~ 12, L = {lo,l},···,l12} be a set of lines. Let M =
{{i,li}, 0 ~ i ~ 12} be a matching of the Levi graph for PG(2, 3), M = {Mg I 9 E
PSL(3,3)}. We consider matchings from M as vertices of f. Two matchings are adjacent
if they have 4 common edges "and if all other edges form a cyde of length 18.
This is a joint result with Anna Kasikova. We also used a computer in order to show that
r is a strongly regular graph.

R. LAWTHER:
Foldi'ng Acti9ns·

The action of E 6 (q) or F4 (q) is found to be multiplicity-fr~:"~oreover, the constituents
of the permutation tharacter (or, equivalently, the double cosets) are observed to be dis
tributed in the same .manner a.s .the conjugacy. dasses of A2(q). This is explained by the
following paradigm :
Let G be a connected reductive algebraic group having a non-trivi~ involutory graph
automorphism 6 fixing at least one node of the Dynkin diagram: Let S. and S2 be the
algebraic g~o~ps generated by the root subgroups corresponding to the two "arms" of the
diagra~ which are interchanged by o,a~d S be their direct pro~uct. If F is.a "natural"
(not necessarily split) Frobenius automorphism of G, then indusion gives a natural bi
jection between the double cosets of (Go)F in GF. and those of (so)F in SF. The latter
action is well-understood: if SI is of type Ar, the double cosets are labelIed by dasses of
Ar(q) or 2 Ar(q2) according as F fixes or interchanges S. and S2.

M. W. LIEBECK:
Factorization of simple algebraic groups

Let G be a simple algebraic group over an algebraically dosed field of ~haracteristicp. Ir
H, K are proper dosed subgroups of G such that G = HK, we call trus a factorization
of G. Typical examples are SL2n = SP2nP. (where Pt is the stabilizer of a I-space),
and 02n =GLnNt, (where Nb is the stabilizer of anonsingular l-space and GLn a Levi
subgroup).
For p =0, all factorizations were found by A. Onischik (1962). In joint work with J. Saxl
and G. Seitz, I have determined all factorizations for arbitrary p. When G is of excep
tional type, the only factorizations G = H!( occur for (G,p) = (F4 ,2) and (G2 ,3); for
G = F4 , H contains the subgroup D 4 generated by long root groups and K the subgroup
D 4 generated by short root groups relative to some fixed root system. And for G = G2 ,"a
similar factorization occurs with H ~ Jot ~ A2 • When G is classical there are many more
factorizations. Here are same of the most intersting ones;
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OS6 E7 Nt, 0 32 = D6 Nt, 0 20 = AsN}, (all with p = 2);
0 25 F4 N1 , 0 13 = C3N1, (both with P = 3).

A. LUBOTZKY:
Discrete subgroups of Lie groups and the combinatorics of finite simple groups

In the last few years some surprising connections have been discovered between the theory
of discrete subgroups of Lie groups and graph theory. Those connections led to the .con- .
struction of families of graphs with remarkable combinatorial properties. Those graphs
are in many cases Cayley graphs and the combinatorial information gives some non-trivi.al
group theoretic applications. .
For example it provides "emcient" generators for some families of finite simple ~roups.

E.g.· SL2(p) is generated by (~ ~) and (~ ~) in O(logp) steps.. This is notknown

1 3· 1 O· . . .
for example for the generators (0 1) and (3 1) (p :F 3). A result along these hnes:

Theorem. (Babai, Kantor, Lubotzky): Every finite simple non-abelian group has a set of
7 generators which generate it in O(loglGI) steps.

K. MAGAARD:
About maximal subgroups of classical groups

Assume G ~ An(ra ), Bn(ra ), Dn(ra ) or 2Dn(ra ) and that G acts absolutely irreducibly, ~

tensor indecomposably on an Fp-module W (p f:. r). In joint work with D. Testerman we
prove:
Theorem. ·If it happens that. there exists an Fp-module V such that G ~ SL(V) ~
SL(W) then (dirn V)3 ~dirnW.· •
The proof of the theorem, whose idea was generously supplied to us by M. Liebeck and
G. Seitz, involves showing that either a large subgroup of G fixes a high weight vector of
SL(V) or a large subgroup of G fixes a small subspace of W containing the high-weight
vector of S L(V) .
The hope is that .we will be ahle to extend the theorem to the case G ~ Cn ( Ta) and
2 A n { ra ). Furthermore 'wehope to exploit this result to show that there exist few tripies
of groups G ~ X ~ Y with G E Chev(r) X, Y E Classical(p) such that G and X act
absolutely irreducibly on the natural module of Y.
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A. A. MAKHNEV:
Pseudogeometric graphs eonnected with partial geometries pg(4, R, 1)

A partial geometry pg(4, R, 1) is a generalized quadrangle with parameters (s, t) (aGQ(s, t»,
where s = 3, t = R -1. For s =3 we have t = 1,3,5,6 or 9 and for t ~ 6 GQ(3,t) exists
and is unique: GQ(3,6) does not exist (Dixmier and Zara).
We investigate pseudogeometric graphs wi th parameters (12t +4, 3t +3,2, t +1) (these are
the parameters of the point graph of GQ(3, t». It is weIl known that for t = 1 a uniqu~
non-geometrie (16,6,2, 2)-graph exists (neighbourhood of a vertex is a.hexagon) and for
t = 9 any such graph is geometrie, .
Theorem. A strongly regular (12t +4, 3t +3,2, t + i)-graph for t =3,5, Qjs geom.etric.
Corollary. . A(76, 21, 2, 7)-graph does not exist.

S. NORTON:
Pseudo eentralizers

The. motivation for t~e coneept eonsists in trying to apply the Atl~ class name 'conven!iön
to the Moonshine modular funtions. This concept is ap'plicable to every rectangular array
of integers. .
We show that it only seems to be meaningful if the product of any two rows is"an integral
linear combination of the rows and give an algorithm for computing it.

U.OTT:
Quadrangles and coverings of nets

Let N denote a finite net of order s with l+t classes of parallellines, t = pa a prime power.
Suppose that the Steinberg module of N over GF(p) coritains a subspace of codimension at
most a, not containing triangles, then N admits a cover of index t which can be embedded
onto a generalized quadrangle with parameters sand t ..

A. PASINI: (Joint work with T. Meixner)
Repeated flag-transitive extensions of grids

We prove the following:
Let r be a flag-transitive geometry belonging to the following diagram (where s,1 are
parameters) :
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Then r is known, except possibly when s = 3.
Remark. "Known" means that r is one of a certain list of examples, that I cannot give
here.

Ch. E. PRAEGER: ( Joint with A. A. Ivanov)
Classifying primitive (and bi+primitive) affine 2-arc transitive graphs

Any fiitite connected 2-arc transitive graphis a c<>ver of a (possibly smaller) 2-arc transitive
graph r of the same valency with the extra property:.

(*) Each N ~ Autr has at most two vertex orbits.

If r is 2-arc transitive and connected with property (*) and Aut r has a non-trivial abelian
normal subgroup N, then either r is a primitive or bi-primitive affine graph (where r is
said to be affine if the vertex set is in 1-1 correspondence with a finite vector space V
such that Autr~ AGL(V» or r j's a certain twisted doubling of a primitive affine locally
2-transitive directed graph. A. A. Ivanov and I have classified all examples in the ·former
case, and anticipate that our methods will enable us to handle the latter case also.
In all affine examples G = Autr = N H with N the group of translations of a finite vector
space V over GF(2) where V is identified with the vertex set of r, and H ~ GL(V). The
group H actsfaithfully and doubly transitivelyon a subset X of V, and X spans V. Thus
V is a quotient module of the permutation module for H over GF(2). Moreover, as an
H -module, V is irreducible or has a codimension 1 irreducible submodule. We extended
work of B. Mortimer to find all examples.

L. PYBER:
Combinatorial problems in group theory

Theorem A. Let G be a group of order n with k = k(G) .conjugacy classes. Then
2ck(loglogk)8 > n for some c > O.
Theorem B.- LetJ(n) be the number of groups of order n. Then J(n) ~ n(f.,+O(1»log2n

for n ~ 00.

Dur first result solves an oirl problem of R. Brauer, the second settles a conjecture of
P. M. Neumann. The proofs use known consequences of the Classification Theorem and
Suprunenko's theory of solvable groups.
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G. RÖHRLE:
On parabolic subgroups with abelian radica.l

This is areport on joint work with R. Richardson and R. Steinberg.
Let G be a simple algebraic group over an algebraically closed field of cha.raeteristic p ~ o.
Let () be .the root system of G with respeet to same maximal torus T. Let P = LQ be a
standa.rd parabolic subgroup of G with abelian radical Q". By P- = LQ- we denote the
parabolic opposite to P, and byW and WL the Weyl groups of G and L respectively. Let
A be the set of T-tuples of pairwise orthogonallong roots in the support of Q for all T ~ 1.

. We prove:
Theorem. Assume p f:. 2 if ~ admits two root Iengths. Then there exist natural bijeetions
among:

. (a) The L-orbits on Q- (ar Q).

(b) The T· WL-orbits of elements Uof Q- of the form nr=t u-o, with (at,·· -ar) E A
and tL-o , E U-Oi \ {I}.

(c) The WL-orbits on A.

(d) The "WL-orbits· of involutions w in W of the form nr=l W Oi with" (a},··· a r ) E A

(e) The (WL, WL)-double eosets of W.

(f) The (P,P)-double cosets of G.

M. RONAN:
Construeting groups from buildings

The purpose of this talk was to diseuss some recent joi0 t. work wi th J. Tits on the eonstruc
tion of groups acting 00 twin buildings. These objeets are a generalization of spherical
buildings (every spherical building can be twinned with itself), and an example of a twin
tree was given, exhibiting the group SL2(k[t, t-1 ]) • It appears that, as with spherical
buildings, the Ioeal strueture determines the global strueture. We diseussed a theorem
showing that eertain loeal isomorphisms ean be extended to global isomorphisms in a
uruque way. Furthermore it seems that we ean coostruct twin buildings from blueprints,
along the lines of the Building Buildings paper in Math. Annalen in 1987. This gives a
direct approach to all groups of Kac-Moody type which do not involve action on a tree.
The question of }{ - M groups and buildings then led on to the talk by C. Bennet in this
conference.

13

                                   
                                                                                                       ©



P. ROWLEY:
Amalgamated produets, triangles and sporadie geometries

Let{Pi} be a parabolic system of rank 3. Set B = Pt nP2np3, Pij = (Pi, Pj), Qi = corepiB
and Qij = corepiiB where i,j E ß := {I, 2, 3}. Assume that B is a 2-group, that
Pi/Qi ~ L2 (2) for i E ~ and that CB(Qij) ~ Qij for i,j E ß. Put Z = !1 t (Z(B» and
Zi = (ZPi), i E ß. _
The following two results were presented. .,
Theorem 1. Suppose that

(i) ~ is a disconneeted diagram (in the sense of Timmesfeld);

(Hi) Z = Zi for exactly one i E ß.

Then either b ~ 9 or Q3 n Q12 :9 P12 •

Theorem 2. Let f be a residually connected string geometry with type set {O, 1, 2} and
G a Hag transitive subgroup of Autf. Suppose that

(i) for a E r 0, f a is the geometry of duads and triduads on the Steiner system S(22, 3, 6)
and Ga/Q(a) ~ M22 ; and

(ii) for X E r 2, f:l: is the geometry of non-zero isotropie vectors and isotropie 2-spaces
in a 4-dimension~ GF(4)-unitary space and Gx/Q(X) ~ U4(2): 2.

Then r is isomorphie to the Fi22-minimal parabolic geometry and G ~ Fi22 .
Theorem 1 is joint work with Christopher Parker and Theorem 2 is joint work with Louise
~~ -

•Y. SEGEV:
Group actions on finite acyclic simplicial cornplexes

Let D be a finite (abstract) simplicial complex and let G ~ Aut(D). By taking the
barycentric subdivision of D we mayassurne that for all 9 E G, if 9 fixes a. simplex of D
it fixes all its vertiees. In that event we call (1), G) an admissible pair. We always assume
(D, G) is an admissible pair. Denote 'by DG the fixed point set of G on D. .

Theorem. Assume D is acyclic of dimension 2. Then
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1. DG is either empty or acyclic.

2. If G is solvable, DG is acyclic.

We discuss several additional related results which have group theoretic orfand homolo
gicaJ fiavo~r. We elaborate on the ease when DG is empty in the theorem.

J. J. SEIDEL: ( Joint with P. H. Cameron, S.V. Tsaranov)
Signed graphs, root lattiees and groups

Signed graphs (f, f) are used to produce matriees 21 + E with entries 2 on the diagonal
and 0,1, -1 elsewhere. These are interpreted a.s Gram matrices of sets of vec.tors, hases
for integral root lattices ~(r, f) having Weyl group W(r, f). For positive definite 2/ + E
the root lattices are of type A, D and E. This also applies to eycles with an odd number
of + signs. We use switehing classes and cluster~ of switeh~ng classes of signed graphs
(they have same determinant and signature). Coxeter groups Coxf and faetor groups
Cox(r,J) are studied in rela.tion to their homomorphie images W(f,j). Finally we define
a generalization of Coxeter groups i~ terms of signed complete graphs and mention some
theorems for positive (serni) definite eases.

G. SEITZ:
Representations of the symmetrie group

There is a.n easy connection between the representation theory of general linear groups
and the representation theory of symmetrie groups. Let K be an algebraically closed field
and G :: GLn(K). If V is any J(G-module; then the weight space of V corresponding to
its determinant character affords a K P- modl;lle where P :: Sn is the set of permutation
matrices. Thus, V -+ Vdet sends J(G.-modules to K Sn-modules. Restricted to a suitable
category of KG-modules; Jantzen and I showed that this gives an equivalence of categories,
This is used to establish certain branching theorems on restrietion to Sn-l of irreducible
}{Sn-modules. There K ean be of arbitrary charaeteristie. In particular, we obtain a
family of K Sn-modules which are irreducible upon restrietion to Sn-la We eonjecture
that these are the only ones.

G. SEITZ:
Groups containing a root element

Suppose G :: (Uo : er E E) is a group of Lie type over K. A long root element is a
conjugate of a nonidentity element of Uo for Q a long root.
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In recent work, Martin Liebeck and I obtained the following results.
Theorem 1. Suppose Gis a simple algebraic group over]( = [( and X is a simple, closed,
connect,ed subgroup of G. Then there is a subsystem group Y 2: X such that one of the
following holds:

(i)X =Y

(ii) X = Y.,. for T a graph automorphism of Y

(iii) X = G2 , Y = B3

(iv) P = 2, X = C4 , Y = E 6

(v) P = 2, X = Bn , Y = A2n.

By a subsystem group we mean a conjugate of a group Y = (VOt : Q E ß) for ß a closed
subsystem of L. ,
Now suppose G = G(q) is finite and write G = OP'(G(T) for u a Frobenius morphism of
the simple' algebraic group G. Let (j be a lang root su-bgroup 'of G. '
Theorem 2. Let X be aquasisimple subgroup of G such that 10 n XI> 2. Then (X, U)
is a closed, connected, simple subgroup of G and X = OP'(X6) for lJ a Frobenius morphism
of X. .

S. V. SHPECTOROV:
The universal 2-cover of the P-geometry g(Co2 )

Theorem. The universal 2-cover of the P-geom~try g(Co2 ) is a new P-geometry related
to a nonsplit extension 323 • Co2•

The talk concerns the existence proof for this new geometry. Some features of the proof
are stressed in order to prepare an attack against another new (and probably, the last)
P-geometry which should relate with a group of the shape 34371 • F2 •

5t. D. SMITH:
On Quillen's Conjecture

In his celebrated 1978 Adv. Math. paper Quillen showed
Proposition. If Op(G) I- 1, then Ap(G) is contractible,
and CONJECTURED the converse. (Here G is a finite group, p a prime, Ap the complex
of chains of nontrivial p-subgroups). Recently, Aschbacher and Smith established much of
the general conjecture with:
Theorem. Suppose p > 5 and G involves DO unitary cornponent Un(q) (q == 1 modp).

}6
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•

Then if Op(G) = 1, we have Ji.(Ap(G)) f; 0 (natural reduced homology).
Special cases had heen estahlished by Quillen and other authors. Our method establishes
a reduction theorem, that H. = 0 when G contains a component L with Aut(L) satisfying
the "QuÜlen dimension" property that Hd(Ap(L» f; 0 for the highest dimension of Ap(L).
Finally if all components fail QD, we determine the possibilities (using the classification
of simple groups), and ohtain a construction using earlier methods of G. Robinson.

L. H. SOlCHER:
Some distance-regular graphs

We describe three new distance-regular antipodal 3-fold covers of strongly-regular graphs.
These covers have intersection arrays

{416, 315, 64, 1; 1, 32, 315, 416},
{56, 45, 16, "1; 1, 8, 45, 56},
{32, 27, 8, 1; 1, 4, 27, 32},

and respective automorphism grou'ps

The first two covers are distance-transitive, hut the third is not.

F. G. TIMMESFELD:
Parapolar spaces and large extraspecial 2-subgroups

A parapolar space is a point-line geometry with the property that two points of distance
two have either a unique common neighbour or the set of neighbours is apolar space. Typi-"
ca! examples are the root subgroups geometries of.the exceptional Lie-type groups. If Q is a.
"Iarge" extraspecial 2-subgroup of a simple group G with IQI > 29 , with Z(Q) = {z} and z
is not wea.kly closed in Q and C(z) is irreducible on Q/{z}, it was shown that a natural geo
metry obtained from zG is a pa.rapolar space. Ir IQI > 213, a "group theoretical" characte
rization of such spaces was given, thereby classifying n±(2n, 2), E6(2), E 7(2), Es(2),2 E6(2)
and BM, M. This is a partial re~isionism of the classification of simple groups of
GF(2) - type.
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S. TSARANOV:
Diagram geometries having a spherical gonality diagram and an affine diameter diagram

There is a
Conjecture. Let r be a rank 3-diagram with finite parameters. If its the gonality diagram
DI is a spherical and the diameter diagram D2 is an affine Coxeter diagram then the
diameter of the geometry is bounded by a function depending on parameters. •
Under some natural additional assumption like the flag-transitivity and that projective
residues are classical it was prove'd that if D I = A3 and D 2 = Ä2 then r is a geometry
related to one of the four groups: 23 : L3(2), U3(3), M22 , U4 (3).

J. van BON: (Joint work with R. Weiss)
A presentation for the 3 sporadic Fischer groups

Let r m-I, m E {22, 23, 24}, .be the graph on commuting 3-transpostions belonging to
Fi'l1 ~ U6 (2), Fi22 and Fi23 respectively. We show that any group acting transitivelyon
a graph r m, which is locally isomorphie to r rn-I, such that for any vertex x, the group
induced by the stabilizer of X on its neighbours contains anormal subgroup isomorphie
to Fim-I, has to satisfy a certain set of generators and rf!lations. Then we obtain a
presentation for the 3 sporadic Fischer groups.

H. Van MALDEGHEM: (Joint work with F. Buekenhout)
Characterising finite Tits systems of rank 2, their generalized polygons

and some generalization

The central idea is to prove Tits' conjecture on finite BN -pairs of rank 2 and'generalized
polygons by using the classifieation of finite simple groups.
TITS' CONJECTURE (1972). A finite BN-pair of rank 2 is split.
Geometrically: Every finite generalized n-gon, n > 2 admitting a group aeting transitively
on ordered apartments is known and arises from a Lie-Chevalley group or twisted Lie
Chevalley group or a Ree group (up to duality), Le. is Moufang.
We showastranger result:
Theorem. Every finite generalized n-gon, n > 2 with distance transitive point-graph
is Moufang except for the unique GQ{3, 5). lf both point-and line graph is distance
transitive, then it is Moufang. In, particular every finite generalized n-gon, n > 2 with
locally n-transitive incidence graph is Moufang.
Also other geometries with similar transitive groups are classified in this manner (e.g.
partial geometries, partial ~uadrangles,Moore polygons, ... ).
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H. VÖLKLEIN:
PGLn(q) as Galois group over thE:: rationals

Most of the groups PGLn(q) with n even and n ~ 3(q - 1) are realized as Galois groups of
regular extensions of Q(x) (henee a.s Galois groups over Q). These are the first Chevalley
groups over non-prime fields that have been realized in this way (exeept some groups over

• F",). The proof uses a higher-dimensional analog of Thompson's rigidity criterion.

E. WALTER:
Intervals in subgroup lattiees

It is an open question, whether every finite latt.iee II1ay be realized a.s an intervallattiee
[H : Cl of some subgroup lattice of a finit~ group G.· If this interval [H: :. G], i.e..al~ sub,;
groups of G eontaining a fixed subgroup H, fulfils the properti.es of a projeetivegeometry
(ar less) and H is assumed as a p-group (p odd), it is possible to determine the strueture of
G. Using the classifieation of the finite simple groups the result under the obvious restrie
tion HG = 1 is the following. Either G is asemidireet produet of an elementary ab~li~n

group Q with H aeting homogeneously on it or G is isomorphie to a group PSL2(q) for
some q with H being a maxirnally ·split tonus. . '. ..'

R. A. WILSON:
How to construct the Baby Monster

We show how to eonstruet the 4370-dimensional representation over GF(2) of the Baby
Monster B, as expli~it m~trices that can be manipulated by computer. The strategy is:

1. Obtain Fi23 in the representation 782 EB 3588.

2. Find a subgroup Ot(3) for whieh 782 restricts as 1+ 1+260abc and 3588 as 260def+
2808.

3. Adjoin a diagonal automorphism of Ot(3): this must centralize 1 + 1, and fuse 260a
with 260d, and 260b with 260e.

We have used the reulting matrices to obtain generators for Thompson 's group (dimension
248 over GF(2» and the Harada-Norton group (dimension 133 over GF(4», a.s wen as .
proving that L2(31) < B.
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A. YAKIR:.
Rank of Indusion Matrices and Modular Representation Theory

We study three types of indusion matrices over a field K:

a) Indusion matrix of k vs.I subsets of {1,2,·· ·,n}.

b) Indusion matrix of k vs.I dimensional linear subspaces of FJn) ..

c) Indusion matrix of k vs.l dimensional affine subspaces of FJn).

We show how the representation theory of the appropriate group (Sn for subsets, GLn(q)
for linear subspaces and AFFn(q) for affine subspaces) over the field K or over an extension
of K, can be used to derive formulae for the rank over K of these indusion matrices. The
formula thus obtained for subsets is weH known (Wilson's Rank Formula) though with
different proofs. The two other cases (linear subspaees and affine subspaees) are new.

s. YOSHIARA:
Circular Extensions of some Geometries and their Embeddings

A residually eonnecte~ geometry G =(Go,···, Gr- 1 ; *) over I = {a,···, r - I} belonging
to the diagram~ ... ~l is called an FEDP of type X if
Aut(G) acts transItivelyon the set of chambers of G and the (I - {I, 2} )-residues of Gare
isomorphie to a fixed generalized quadrangle X. The FEDP's of rank 3 and type X, X a
classical generalized quadrangle, are dassified by Buekenhout-Hubaut, DeI Fra-Ghinelli
Meixner-Pasini, Weiss-Yoshiara. There are several interesting FEDP's of rank 4 admitting
sporadie simple groups: the FEDP for F~4 of type W(3), that for the Monster M of type
H3(32 ), and that for C02 of type Qs(2).
Two new examples for F22 of type W(2) and for F~4 of type H3(22 ) are eonstructed, as
weIl as the following results.
Theorem 1. Let G be a simply connected FEDP of rank 4 of type Q;(2). Then

(i) IGI = 6300, Aut(G) ~ CO2 X 2, or

(ii) there is anormal subgroup N of Aut(G) with Aut(G)/N ~ U6 (2)· 2.

Theorem 2. Let G be a simply connected FEDP of rank 4 of type W(2), admitting ftag
transitive group G. Then the kernell(p of the action of the stabilizer Gp of a point P on
the residue Gp at P is either trivial, or the natural module for 5 6 (2) or 0 7 (2). Moreover
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•
(i) If K p = 1, then IGI = 216 and Aut(G) ~ 2(26 X 2~+8)S6(2) or IGol = 32640 and

Aut(G) ~ S8(2) or IGI = 16 and Aut(G) ::::: 24 A7.

(ii) If IKpi = 26 , then we get two possible sets of relations presenting G, one of which
contains anormal subgroup N with G / N ~ F22 • 2.

In Theorem 1 and 2, we have explicit presentations for fiag-transitive groups.

Berichterstatter: Th. Meixner
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