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Tagungsbericht 47/1998

Gruppen und Geometrien

13.12. - 19.12.1998

Die Tagung "Gruppen und Geometrien" fand, wie auch zuletzt un~er der Leitung von M. Asch­

bacher, Caltech, B. Kantor, Eugene und F. G. Timmesfeld, Gießen, statt. Die Tagung, die sieh

durch einen sehr weitgespannten Teilnehmerkreis auszeichnete, bestach durch geradezu drama­

tische Fortschritte in den behandelten Gebieten, die vielfach für nicht möglich gehalten wurden.

Hervorzuheben scheinen mir insbesondere:

1. Außerordentliche Fortschritte in der Revision der Klassifikation der endlichen einfachen Grup­

pen durch U. Meierfrankenfeld, B. Stellmacher und G. Stroth. Diese lassen es möglich cr-­

scheinen, daß man die Gruppen von Charakteristik 2-Typ in naher Zukunft eher geometrisch,

das heißt ohne den Umweg über Komponenten, charakterisieren kann.

2. Große Fortschritte in der Theorie der Gebäude und der damit verwandten Gruppen. lIier

sind in erster Linie die Resulta.te von Tits und Weiss, über die Weiss berichtet hat, und die

Resultate von B. Mühlherr hervorzuheben. Erstere scheinen nun endlich die schon 30 Jahre

vermutete (und zum Teil auch benutzte) Klassifikation der Moufa.ng-Polygone abzuschließen.

Letztere bedeuten eine weitreichende Vera.llgemeinerung der Klassifikation der sphärischen

Gebäude.

3. Große Fortschritte in der Untersuchung der Struktur endlicher Lie-Typ und verwandter al~c­

braischer Gruppen. Hier scheinen mir insbesondere die Resultate von Seitz über die Einbet­

tung von p-Elementcn in SL2 (p)'s erwähnenswert.

Diese drei Schwerpunkuhemen haben sich natürlich auch in der Zahl 'und Länge der gehaltenen

Vorträge gespiegelt. Außer den Vorträgen wurde auch in zahlreichen Fällen wissenschaftlich zusam­

mengearbeitet. Hier ist außer der ~usammenarbeitder in 1. erwä.hnten Personen, die Zusamm("~

narbeit von Aschbacher-Smith, Guralnick-Liebeck und Magaard-Kantor zu erwähnen, die jeweils

zu konkreten Resultaten führte.
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Vortragsauszüge:

The universal representations of some sporadic geonletries

Barbara Baumeister

(Joint work with A. A. Ivanov and D. V. Pasechnik.) Let 9 be a geometry such that evcry line is
ilH:icJcnt with cxactly ]J + 1 points, pa prime. Then we say that (R, <p) is a representation of 9 if R
is a group and 'P a map from the set of points P and the set of lines (, into the set of elemcntary
abelian su bgrou ps of order p and p2 of R, respectively such that

(i) c.p maps thc set of points on a line i bijectively onto the set of non-trivial subgroups of <.pei);

(ii) /l = (",(1')). e
If (/l, c.p) is a reprcscntation of (}, then there exists a "biggest" representation with respect to (R, Cf» I

the universal reprcsentation of {} with respect to <po We show _

Theorem. Let 9 he thc 3-loeal geometry for Fi24 with diagram.~. Then there
333 1

cxists a unique universal rcprcsentation (R,)O) of 9 and R is isomorphie to 3"Fi24 x 3"Fi24 .

Wc conjeeture that thc universal .representation of the 3-loeal geometry for the Monster M
J

~---Q:::==::(~:>----~ is isomorphie to M x M.

Normalizers of parabolic subgroups in Coxeter groups

Brigitte Brink

(.Joint work with R. B. lIowlctt.) It is weil known that the normalizer of a parabolic subgroup in
a.n arbitrary Coxetcr group is the semidireet produet of the parabolic subgroup by a eomplement

IVj which acts by pcrmuting thesimple reflections. Nj may be viewcdin a natural way a.s a vertex
slihgroup of a c.crtain groupoid, for which wc obtain a set of generators and dcfining relations; thc
defining relations are all dcrived from subgroupoids of ranks one and two, so that the groupoid can

be viewed a.. a generalization of a Coxeter group. A presenlation for NJ can be ea..i1y dedllcecl. e\ ;,

Special elements in Lie algebras

Arjeh M. Cohcn

(Joint work with A. Steinbach, R. Ushirobira and D. \\Tales.) SUppOSf' IJ is a Lif' al~f'bra OVl'r a
field k, ehar k f:. 2. DC'finc x E L to be specialor extremn[ if [x I [x, 1.1]) ~ kJ.. 1)(,110tf' by r the set of
nonz('ro extremal c1ell1en~s of L.
We are interestcd in Lic algcbra.c; 1.1 with L = ([;). The ca."e 1[;1 = "2 sho\\'s t.hn\(' diffpf('lIt al~('bra.".

among thcm the lIeisenbcrg algebra and sh. ßut also Chevallcy's si 111 pI<, Lie al~f'hra.... an' ('xalllph'=,.
\Ve have givcn a list of propcrties of such Lie algebra.~. Our main r('stllt. statf'S that dim IJ < x· if

lEI< 00. The pronf depPIHls Oll loh<, c:a.."c whcrc f cOllsist.s of salldwidH's ([J'. [f. IJ]] = 0) whielt call
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bc handled by [Zelmanov - h:ostrikin], and on a Gröbner basis argument reducing the general casc

Lo the special one. The maxi mal possi ble dimensions a.re 1, 3,8, 28, 537 when 1[1 = 1, 2, 3,4,5, rcsp.

The minimal number of elements from [. needed to generate Chevalley's Lic algebras L of type

are

A nl

n + 1,
Dn (n ~ 4), Bn {n ~ 3L Cn (n ~ 2), G2 ,

lt., n+l, 2n, 4,
E n (n=6,7,8)

S.

The motivation for this work sterns from Chernousov's praof of the Hasse principle, thc use of

sandwiches in the theory of finite dimensional modular simple Lie algebras and the study of root

subgroups of a group a la Timmesfeld.

Linear groups generated by reflection tori

Hans Cuypers

(Joint work with A. M. Cohen and H. Sterk.) Let V be a vector space over same skew ficld k. _>c- •

An element 9 E GL(V) is called a reflection if [V, g] = {vg - v I v E V} ·is" I-dimensional hut nov·.J.~, -~

contained in C'v(g) == {v E V Iug = v}. ..!...•;, .

Ir 9 is arefleetion, then [V, g] is ealled the center of 9 and Cv(g), which is a hyperpJane, is callcd"~""

the axis of g. A reflection torus i8 a subgroup of GL(V) generated by aB Tcßections with a fixed . :

center and axis. So if pis a point of P(V), i.e. a. I-dimensional subspace of V, and H a. hyperplanp

(p f/. H), then the refleetion torus with center p and axis H is the group

Tp,H = (9 E GL(V) J [V,9l = p, C'v(g) = H).

We investigate subgroups of GL(V) generated by reflection tori. In partieular, we determine alJ

irreducible subgroups of GL(V) generated by reflection tori.

Grassmannian fixed point ratios

Daniel Frohard t

'e, (Joint work with K. Magaard; plays a roje in the work he discussed at this conference.) We discURScd

the praof of the foHowing result.

Hypothesis. On: G is a classical group with natural module V, 9 E G'.

V is a. vector space of dimension n over a ficld of q elements.

U is a subspa.f{~ of V, of dimension or codimension k where k ~ n/2.

1\1 is Cl maximal subgroup of G' with F-(C,') ~ M, and U is At n F-(G')-invariant hut not P*((")­

invariant.

Let /(9. A-t) be litt"' fixpd point ratio of 9 aCling on thc left coscts of 1\1.

Theorem. For evpry t > n there is an 11, such that ir 9n holds with 71 > n, thcn one of thp

fottowing is truf'.
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l. /(g, A't) < l..

2. 9 is a linear transformation with an eigenspace of codimension d whcre dk < n/2 and
I /(g, M) - qvdk I< l, whcre v is the length of the M-orbit containing U.

If A'l fixes U, thcll V = 1; othcrwisc, M contains a graph automorphism that interchanges U with
a subspace of cornplcmcntary dimension, and LI == 2.

Small dimensional representations are semisimple

Robert Guralnick

Wc <IisclIss th.. following: Theorem A. If G is a finite group contained in GL(n, k) = GL(V)e
with char k == p and Op(G) == 1, then:

(a) if Tl ~ n + 2, V is a scmisimple kG-module; and

Notc that (a) ~ (h) and (b) was a conjecture of Serre. The proof depends on Jantzen's rcsult for
Chcvallcy groll ps and

Theorem B. Assl1l1le thc hypotheses of Theorem A. If p ~ n + 3, then G+ :== (g E C; I gP = 1)
is eitlwr .Ja with p = I1 ur C;+ is 'a central product of quasisimple Chevalley groups in char p.

This has been also shown for p >> n for k == F p by Nori and arbitrary k by Larsen-Pink. Our
method uses Landazuri-Scitz rcsults and more recent extensions on the lowest dimension of cross
characteristic rcprescntations (e.g. for PS L(d, q), the smallest representation has dimension
(qd _ I)/(q - I) - :2 (for d ~ 3 and with some small exceptions)).

These methods also will yicld a cla.ssification of subgroups of classical groups containing regular
unipot.ent dcmf!uts.

Triality

J. I. Hall

It is known: Theorem 1. A 3-transposition group with trivial center and a quotient Syrnn, fur
1121 ~ 4, is a scction of t.he wreathed product Al Symn, for A some group carh of whose e1ement.s

has order 1, 2, or :1-

This theorem is fals~ fur Inl = ;i, the most notable exceptions being t.hp trialit~! J!;rOllps 1)..('2) : SYlll:~

and 1),.(3) : Sym:l'

A group wit1l lriality is (after Glauberman and Doro) a grollp (; = :\' : SYIll:~ wtH'n'. for /) t.he

D'-cla..'\."i conlainin~ thc involutions of SymJ , we have G' = (I) anel laTI = :i. rur all pairs (1. TEl)
with aN #; r N . Thcn wc can rnake precise

·1
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Theorem 2. The following are equivalent:

1. Groups with triality and trivial center;

2. Latin square designs possessing nontrivial central cotlineations centered at each point;

3. f\1oufang Loops.

In addition to the work of Doro and Glauberman, results on web geometry from early in the century

and a paper by Tits from 1958 are relevant.

Using Theorem 2, Theorem 1 becomes true in the case \0\

substitution: ~~ ... for A some Moufang Loop ...".

3, as weil, by making the single

Flag-transitive c. AG--geometries

Cecile Huybrechts

(Joint work with A. Pasini.) The material presented in this talk is part of an attempt to clas.~ify

(locaHy-finite) ftag-transitive geometries over the diagram cL- =:~. That project is

motivated by the classification of the finite flag-transitive linear spaces by Buekenhout et al. In

view of that result , it is natural to split the diagram c.L- into different subdiagrams, amonK which

c.AC- and to consider one-by-one the corresponding classification problems. This talk focusscs on

that of flag-transitive c.AC--geometries.

A flag-transitive geomctry [(5) over the diagram~ and with full autonlorphislll
1 20 3

group 213 : 3'Aut(A122 ) can be constructed from a family S consisting of 22 totaJly isotropie planes

of a hermitian variety in PG'(5, 4), 2-transitiveJy permuted by the Mathieu group M22 .

The geometry f{S) admits a (uniquc) flag-transitive proper quotient f(J)/2. After havin~ p.x­

plained a construction for the gcomctries [(5) and f(S)/2 and given same information on t.hf'ir

Rag-transitive automorphisln groups, I state the following result:
i

Theorem. Evcrv tlag-transitive geometry over~ with 71 > 3 and q > 3 anti such
• 0 1 2 - -

that Aut(r) docs not induce a I-ditncnsional affine group on each of its rcsidues of cotypc 0 or 1. is

isomorphie to thc geomctry 1'(8) or to its quotient ['(5)/2.

FinaJly, I givc some commcnts on thc cases lhat are not covcrcd by the abovc theoren\ and ~ivp a

synthetic sketch of a proof of it.

Maxinlal subg~oups of exceptional groups

rvl. \V. Lieheck

L('t. (f' Iw a simple' al~f'hraic ~rollp of f'xcf'ptiollal t.ype (,'1. F4 • E ß • 1:"7 or /':M over au aIR~hraicaJ)y

dOSf'd fjpld or charact.f'rist.ir p > O. aud h·t (J he a Frobf'nius morphislII ur (;. so Lhal (;n = (;(,/) ~s

a fini, .. f'xn~pt.ional ~rollp of Lip typro.

\V(· discliSS pro~f(.'ss on t Iw st udy of maximal sub~roups of G'(f and G. Reccnt resuJls of Li('bcck

ftlld Spitz 111lply tha' ror '""xi11lal sllh~reHlps :\1 of ('·n. OfW or lhe fol1nwing holds:
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(I) M = Me, wherc A1 is maximal, dosed, of positive dimension in G'.
(2) M = G'(qo); a ~~subficld" subgroup of G{q).

(3) M is aJmost simple, on a finite, explicit list of possible isomorphism types.

(4) NI is on(~ of a smaJl number of further classes of smalI, bounded subgroups.
(As a conscquence, here is a constant c such that either IMI < C or M = M" or G(qo)j thisc:onsequencc is in fact CFSC-free, thanks to a recent result of M. Larsen and R. Pink.)

Thus attention focusses on thc maximal positive dimension subgroups M of G. For p > 7, these
werf~ d(~termincd by Seitz and Liebeck in 1991. These authors have recently removed this charac­leristic assumptioJlj thus thc maximal subgroups M of positive dimension are now known in aB
characteristics.

The Guralnick/Thompson conjecture for groups of bounded genus

Kay Magaard

(Joillt work with Daniel Frohardt.) In 1990 Guralnick and Thompson pubJished the followingCoujecture: For cvery non-negative integer 9 there exists a finite set of finite simple groups [(g)
~uch that, if L/(_~(t.) is a finite extension of genus ~ 9 and i the normal closure of L, thcn thecOlllposition factors of Gal(L/~(t)) are either cycJic, alternating, or in E(g). Wc show that thcconjccture is truc.

Root systems for imprimitive complex reftection groups

Gunter Malle

The talk rcports abullt apart of the general program of interpreting finite complex reflection groupsas variants of finite Wcyl groups by extending the constructions and theorems for the latter to theformer.
Let IV bp a finite complcx reflection group with set of reflections R. A rooi system for vII is a set 4>with lV-action, wit.h a. \V-cquivariant su~jection p : W -T n, a subset .p- of 4> with 14>-1 == 1<P \ <1»-1
and a sf'ction Tl -T 4> of 11 with image n contained in. <l> ~ <1'-. Thc associated ICllglh fUIlr.lio12 jadp.fiued by l(w) == Iw.nn4>-1 for w E W. An exampJe JS gJven by the usual root system of a Wc~
~fOllPI whcrp n == ~+, and eis thc usual length function.
The I(~[lgth funct.ioll on a \Veyl group is a powerful tool in the undcrstandillg of these groups. In thetalk Wp prcscntcd a joint resuJt with Kirsten Bremke in which we defined a root system and lcngthfunction for the intprimitive complex reflection groups G(e, 1, n) and G(c, Po, 11) with variolls lIice
propcrties. In particular, thc length function is compatible with restrietion to parabolic SI] bf:!;roll ps.and thc sum of ql(td for Uf running over the group equals thc Poillcarc polYllorniaL i\·10TPO"Pf, thproot system 4> can bc chospu a.s a subset of thc natural vcctor span) for r.hp rcsl)(.'cti"p rpnpctioll
~roup. and then tJu~ upgalivc roots 4>- aB lie on a fixed sidp of a suitahle rpal hypPfplaJl(\ in thisspacc.
This 'en~th fUJ)etjoJl ha...; already found application in th<, constrtlctit>n of Df'llIazur<' oppratorsby Itamp('ta..~ and Shoji! and it also has connections to propcrties of redu«~d ('xprcs~ions ifl the
U Ildt'r1yi nJ?; refl('clioH ~rolJp.

fi
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Groups of characteristic p-type

Ulrich Meierfrankenfeld

Let G be a finite group and p a prime. We say that G is of characteristic p-type provided that
C'G(Op(L» ~ Op(L) for all p-local subgroups L of G. We reported on recent progress in developing
a theory of groups of characteristic p-type.

Let S E Sylp(G), and C = Cc(flIZ(S)). For a p-Iocal L of G let YL be the largest elementary
abelian normal p-subgroup of L such that Op(LjCL(YL» = 1. Also F;(L)jOp(L) =F·(LjOp(L)).
We say that E-uniqueness holds for G provided that

(i) C lies in a unique maximal p-Iocal C of G; and

e (ii) Let E = OP(F;(Cc(Yc»))' Then C is the only maximal p-local of G containing E.

The main theorem presented in thc talk was:

Theorem. Let G be a group of characteristic p-type in which E-uniqueness holds. Assume that S
lies in more than one maximal p-local of G. Let M be a p-Iocal containing S so that MO = (Op(C)hf)
is maximal. Then one of thc following holds:

(a) YM <1: Op(C).

(b) MO /Op(MO) is a classical group and YM is the n~tural module for MO.

(c) MO /Op(MO) = (LI x /"2 X ... x Lk)Op(C), Op(C) acts transitivelyon {L J , L2 , .• " /"k} and
[YM, Li] is a natural SL 2 (pn)- module for Li ~ SL2 (pn).

We then discussed that case (b) of the theorem usually leads to a geometry for G. Some exceptional
case was addressed in the talk of Gernot Stroth. Case (c) of the theorem was discussed in the talk
of Bernd Stellmacher.

Arithmetic Groups, Amalgams and Classification 11

Bernhard Mühlherr

The following theorem sn rnmarizes the results of my research on the classification of twin buildinRs:

Theorem. Let. a be a 2-spherical, irreducible twin building of rank at least 3 and characteristic
not 2 or :1. Then one of the following holds:

a) il is associatl'd to a classical group (and hence of spherical or affine type).

b) ~ is th<, set. of fixcd point.s of a Galois group acting on a twin hnilding associated to a
Kac-f\1oody-~rolJp (of possibly infinite rank!) over a separably dose<! field.

Remarks:

I. TII(I tllPon"rn gpupralizps Tils' rlas...;ificatiou of sphprical buildin~s in a natural way.

j
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'2. The proof uf the rcsult IlSCS thc c1assification of Moufang polygons which has been obtained
by Tits and \Veiss.

:1. Thc cases char(il) E {2,3} are more complicated. I expect to have soon a similar result in
these cases provided that one excludes twin buildings with 'fragile rcsidues.

Shrinking certain geometries

Antonio Pasini

I describe a const~llction (folInd by G. Stroth, C. Wiedorn and myself) by which, given a geometr_
r for a diagram of rank n ~ 4 of the following form (where X stands for any given dass of rank :w
gcornctries) ,

une can produce a collcction of geometries of rank n - 1 inside r, with the same diagram as r hut
olle node shorter.

That construction has bcen cxploited by 5troth and Wiedorn as a tool for inductive arguments in
the classification of c-cxtcnsions of Petersen- and tilde-geometries.

Linear groups: from finite to profinite

Laszl6 Pyher

The rcC(~nt breakt.hrollgh rcsults of Larsen and Pink concerning the structure of finite linear groups
are uscd to prove thc following theorems:

Theorem I. Let F bc any ficld and r a finitely generated subgroup of GL(n, F). Then cither
a.) r is soluhle hy finite or b) the profinite completion f has an open subgroup W such that IV ha.<.;
a. densc free suhgroup of finite rank.

Theorem 11. Ad"lir. grollps G (that is subgroups of some product npSL(n,Zp)) are boume
edly generated (the prodllct of finitely many procyclic subgroups) if they are finitely generated

(topologically) .

This was conj~ctllrcd by Platonov and 5ury.

8
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Aritholetic Groups, Amalgams and Classification I

Mark Ronan

This talk starts by considering groups and buildings generated by a fundalnental system (U±;}i€l

of root groups, where (U±i, U±j) is a rank 2 group of Lie-type. In the spherical case one obtains

groups G(k) of Lie-type, and in the affine case S-arithmetic groups G(k[t, t-JJ). The building A

in each case is "Moufang", and a theorem of Tits (Durham Proceedings 1992) shows that such

buildings are one component in a twin building (6, ~').

An earJier result (Ronan-Tits, Inv. 1987) shows that foot groups Vi generate a building u if and

only if they do so in all rank 3 spherical residues; and work in progress by the speakers' (Mühlherr

and Ronan) shows that ir alt rank 3 residues are spherical, then A is Moufang.

These results lead naturaJJy to a study of twin buiJdings, and in this connection the spcakcrs

(Mühlherr-Ronan, Inv. 1995) prove that given a 2~spherical (all rank 2 residues spherical) twill

building (ß, 6 /), without residues for one of the smaJl finite groups Sp(2), G 2(2), G 2(3) or 2 F4(2).

then il is Moufang. Moreover the loeal structure completely determines thc global structure.

Here now are several open questions:

(1) What about allowing non-spherical ra.nk 2 residues? The methods of (Mühlhei:r'-Ronan, Inv.

1995) break down completeJy in this case, and the whole business of non-spherical rank 2 twin

buildings, callcd 'twin trees" is rather complicated (see Ronan-Tits, Inv. 1994 and Israel J.

1999).

(2) What are the groups in the non-affine cases? Abrief answer is that they are groups '~of

l\ac-lVloody type", but exaclly what this means is another question, namely:

(3) Can one classify such groups~ at least in the 2-sphericaJ casc, by c1as.'\ifying twiJ} buildinJ!:s?

This leads to Bernhard Mühlherr's talk.

Geonletries and Groups

Peter Row Iey

This talk surveyed the current state of knowledge on point-Hoe collinearity graphs of certain spo­

radic group geomctries. Attention focussed on the graph 9 associated with the minimal paranolic.

charactcristic 2, geomctry (or the largcst Fischer group. To date a camptet<> description of g ha."

not been obtained. Abrief ovcrview of joint work with Louise Walker was given on thc st.rUc.tIJrf\

of the first thrcc discs around a fixed vertex of {I.
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M u Iti plicity-free permutation representations

Jan Saxl

For a fi 1I ilc grau p C' aud Cl (maximal) su bgrou p H of G, the action of G on thc set (;/11 of coscts is
7Ilultiplicity-fn:e if all thc irrcducible constituents of the permutation charactcr 1T' = l!i are distinct.
()ne r<'a.."on for studying such actions is that each finite simple group G' acts in this way on thc
cosets of som<' su bgrou plI. Anothcr is that if G is distance-transitivc on a graph, the action on
thc S(~t of vcrticcs is multiplicity-free. Thc talk was a progress report on thc projecl to c1assify all
such actians.

Fixed point theorems for groups acting on acyclic complexes

Yoav Segev

(,Joint work witlt Bob Olivcr; relies on joint work with Michael Aschbacher.) Let G bc a finite
group. A C;-CW-complcx is a CW-complex .~ with continuous G-action which permutcs the cclls
of .," arid sends Cl cdl t.o itsclf only via the identity. When X is a combinatorial finite simplicial
('om plcx thcn G is rcprescnted a.s a group of simplicial automorphisms of X such that if an element
of C' fixes a simplex it fixes the vertices of the simplex. X is called a 7l-acyclic complex if all
thc rcduccd homology groups of X (with integral coefficients) vanish. An acyclic 2-dimcnsional
C;-complex .\" is called an essential G-complex if X N = 0, for all normal subgroups 1 1= N ~ Gf,
whcf(' .'!(N is thp fixpd subcomplex of N.

Theorem A. L..t C; bc a finite group. Then there exists an acyclic, 2-dimensional, essential
(,'-colllplcx if and only if Gf is isomorphie to one of the groups: PSL 2 (2 k ), k ~ 2, PSL 2 (q),
II == ±:i (rnodH.) or Sz(1k

), k ~ 3 odd. Furthermore thc isotropy groups in any such action are
solvable.

Theorem B. Let G be a finite group. If there exists a fixed point free acyclic 2-dimcnsional
(,'-cornplex, then therc cxists anormal subgroup N <J G such that:

(a) .Y N is acyclic (and in particular 1= 0).

(b) 'V' ~ N, far all normal su bgrou ps N' <J G such that ~1( N' =f: 0.

(cl .yN is an acydic 2-dimcnsional essential GIN-complex (so in parlicular GIN iso on" of te
~roups givcn in Theorem A).

Tlte only prc"iollsly known fixcd point free actions (essential) on a 2-dimcnsional acyrlic complcx
was an action of As on the dodecahedron disco The question of fixcd point frce act.ions on 1­
dimensional contractible complexes remains open.

10
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Unipotent elements in algebraic groups

Garry ~1. Seitz

Let G be a simple algebraic group over an algebraically elosed field of characteristic p, a good prim!'
for G.

Let A < G be of type Al, and ca)) A "good" if all weights of A on L(C), the Lie algebra of G', are

at most 2p - 2.

In joint work with Serre it is shown that each unipotent element u E G of order p is contained in a.
good Al, and any two such Al 's are conjugate by one element of Cc(u). Moreover, L(C) restricted
to a good Al is nearly always a tilting module.

Applications are given to the structure of Gc(u) and to the problem of saturation, where one aims
to embed u in a canonical I-dimensional unipotent group. -

Residual properties of the mo'dular group :':~~'

Aner Shalev

In this talk I outline a probabilistic approach to residual properties of infinite groups. The first.
result is joint work with .1. Dixon, L. Pyber and A. Seress. Using rcsults on random generation of
finite simple groups by two eleinents, we give a short proof of Magnus' conjecture that free groups
are residually-C' for any infinite collection C of finite simple groups.

Magnus' conjecture was originally proved by Weigel in 1993.

The main result described in the talk concerns residual properties of the modular group PSL'lC71.).
Using random (2, 3)-generation of many families of finite simple groups (established in a joint work
with Liebeck in 1996) it is shown that the modular group is residually-A n and residlially-PSLn(q).
The latter is a new result, which joins a variety of reC(~nt p;roup-thcoretic theorems, whos!' only
known proof is probabilistic. ."

Point-line characterizations of Lie incidence geonletries

Ernest Shult

(Joint. v.:ork with A, Ka..-,ikova.) There arro lwo ba.~ic lhcor('nls. Let r be a polarized space wit It
thes!' thrcc prop(lrtips: (1) EVf'ry geodesie of ICf!gth two extcnds lo on(' of ICIiKth thrcc. (2) For
each point x and symplcctoll S', x is collinear ta some point of .c,', (:1) Thp set of points at dislalln'

at mosl t.wo from a point forms a Sll hspacc. Thell r is cither 1)~.5, A!).:I or 1~·7.1. a das..",ical d lIal
polar span' of rank threp. or a product groHlctry L x P wher(' P is a polar span" and L is a linp.

Thc sC'('ond t.hporPIII conc.prlls parapolar span's ~ of diamclf'r at I{'a.~t thr<'c such that for (I\'f'r~'

point-symplpct.on pair. (J • .4.)'). rl. n .)' is rW\'!'r just a point. FrollJ first prillc:iplcs on<' can show

that such a geolllP! ry lias poinl-diamf'tf'r t hrcf' artd a sirnply conncctf'd point-collin('arity ~raph,

\\'ith a mild local COllditiuu. CHIP rall show thai ~ is 1:·f..4./·:;.;.I:'P..l. apolar Grassrnanniau uf t~'I)('

H,.:!. 11 ? -I. ur a IIH·la."'~'rnplp('ti(' span', :\11 of thC'sf' gpomf'lrips an- Irllncalions of building;s.
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Geolnetric techniques in the classification of quasithin groups

Stephen D. Smith

Thp joint work of Aschbaeher-Meierfrankenfeld-Smith (in progress) on quasithin groups involvcs
geometrie tcchniqucs in several ways, including:

I) Alllal~cull method, ba..-;cd on graph formalism: use of Stellmacher's "qrc"-Iemrna allows initial
determiuatioll of possiblc structurcs for a maximal 2-local (typically almost-simple grou p I
Oll lIlodule F).

2) R(~cogllitiol1 of sim pIe groups from precise local structure, by uniqueness theorems on graphs

and othcr loeal 11;comctrics.

Abstract root groups and groups of type F4

Anja Steinbach

\Vf' investigatc SUh~H)IJPS of groups of Lie type over an arbitrary field, which are generatcd by lang
root plemcnts. Ttlf' IOIl~ root groups in groups of Lie type 8 (8 a spherical building) are abstract.
root grollps in the sellse of Timmesfeld, as weil as the (Siegel) transvection groups in classical
groups.

In the talk, I prespntpd thc rcsults obtained so far, on the quasi-simple subgroups Gf of F.d/\'), 1\'
any fipld, whic:h an~ gpllcratcd by a class E of abstract root groups such that the elements of ~ are

c<mt.aillpd ill IOIl~ root groups. This extends existing results for finite or algebraically closed fields.

Tlw dassificatioll of ~roups ~pneratcd by abstract root groups (due to Timmcsfeld) yields candidatcs
for (f', SOIUf' ca..~ps an' Pftsily eliminated. Others lead to subgroups of cla.o;;sical grollps (namcly of

t.h .. subsystf'1ll suhgrollps H.d/()' C'3(!\') and C4 (!{) in characteristic 2). Finally, we obt.ain a list

ofsubgroups of Fdh"). whirh is not yet complete when G arises from a rVfoufang quadran~l('.

On case (c) of Meierfrankenfeld 's Theorenl

Bernd Stellolacher

Ttlf' talk tliscuss('d ca.....: (c) of the Theorcm prcsented by Meierfrankcnfeld at. this confpfPllcP. Th..
situat.ioll of ca..o.;(' (c) pa..'ily Ipflds 1.0 a rank 2 amalgam (PI, P2) of minimal parabolic suhgrou»s I),.
~.'1ore prcciscly (in t\'1ei('rfrankcnfpld's notation) Pi := AtOS and P1 ~ (', whpfe P1 is minimal with
rpspeet t.o S ~ 1''1 aud 1"1 1:. ,\-1.

Thcrt, is work in progrpss Oll such amalgams by Partll('~~iani, Stellmachf'r alld CtH'rmak. Parkf'r.

Rowley. Thp rpsults obtainpd so far (an he used to show that casf' (c) illlplif's ca.....c (a) Of (h) of t Iw
abo\'t' Thf'orPIll. wit.h tlH' ('xccption of a "cry particular t.yP{\ of alHal~alll sal.isfyillJ?;

TtWfP is hüpp that t.his wOfk Oll t hpse alllal~ams will show t hat 1his f'Xcp.ptiolial C(l.'-'P dof's IInt I'xi~t.

1'1
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Groups of characteristic 2-type

Gernot Stroth

\Ve investigate finite groupsG which have the propcrty that C'c(02(L}) ~ 0 1 (/") for aJl2-locals J,.
and a Sylow 2-subgroup S is in at least two maximal 2-locals. Let C' = (:C.. (U. (Z(S))) an<1 C' Iw
the unique maximal 2-local containing C, Q == 02(C). Let A1 be a maxirnal 2-local in (,' cOlltaillillg
5'; M :f:. C. Set Mo = (QAf), and YM the maximal normal c1cnlcntary ahclian 2-subgrollp of J\-I

with 02(M/CM(YA/)} = 1. Then in the talks of U. ~1('ierfrankcnfeld and 13. Stellmacher IInder t.tw
assumption of E-uniqueness they showed that either YM 1: Q or 1\10 /02 (A10 ) is a cla.~sical group
acting naturallyon YM. In fact alt this also holds for'arbitrary primes. In this talk we show that.

C/02 (6) is an automorphism group of a group of Lie type in characteristic lwo. Probably this also
holds for arbitrary characteristic but is not proved yet. From this it then follows that G' pos...;ess('s
a geometry (in the generic case a building) which allows to id('ntify G. We also report about ideas
how to handle the case YM 1:. Q. SO we are elose to have a result saying that under E-uniqucness
a group of characteristic p-type possesses a geometry (mostly cven a buildin~).

Opposition

Hendrik Van Maldeghenl

(.Joint work with Peter Abramenko.)

Theorem. Let ß be a (thick) spherical or twin building. Then two chambcrs C' aud (" an"'

adjacent if and only if there exists a third chamber Cf" such that for cvery c.hambcr J). cit.hpr O. '2
or 3 out af {C, C', er,,} are opposite D.

Corollary. ß is detcrmincd by its set of chambers and the opposit.ion relation of chamhprs.

Theorem. Let ß be as abovc. Then a set S of chambers of Ll is thc sel of chamhcrs of a (twill)
apart.ment if and only if every chambcr in S has a unique chambcr in S opposile it, and for evpry
chamber C' outside S, the "umber of chambcrs of S opposite C' is cvcn (and in pa.rtlcutar is finit~).

O"n linearly rigid tuples

Bclrnut Vplklein

Rigid and dose to riJ?;id generators of classical ~roups u~ far Galois realizations af(' thr Bplyi
t.riplps, and more lately the Thompson tllples in GLn and braid-abelian tuples in SPn fouo.1 by
Thompson and Völklein. Rccently. a common ~cn~ralization ha.'O, cmcr~P.d: The rich cla.,",-~ of almost
9-rigid luplps. where t; is a simple alJ?;chraic grou}>. This camp from a s~rprising connf'c:t.ioll to t 11.­
thcory uf lillp.ar difr(~rrllt.ial cquations. in particular work of N. I'atz.
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On the characteristic 3 Co3-minimal parabolic geometry

Louise Walker

C03 acts on a 276-element set A consisting of the 23 points and 253 heptads of 8(4, 7,23).
The points of the geometry are 6-element subsets of A in which every tripie is odd.
The lines of the gcomctry are 33-element subsets of A partitioned into 11 tripies, any pair of which
form a poi nt of thc geometry.
In this talk. thc structurc of the point-Hne collinearity graph for this g~metry is described.

Coxeter groups and reftection groups

Thomas Weigel

Für a lIulIlbcr of (finit.e) groups there exist presentations by some Coxeter groups where thc relations
are cithcr contaillcd in an affine parabolic subgroup or are involutions and hence correspond to a

finite subdiagram of type JJnt Dn , n even, E7t Es, 12m , H3 , H4 .

Iuvolll tions to Sll bdia~ramsof corank 1 correspond to reflections with respect to vectors of negative
Icngth. Th. is fact earl bc used to show fi~ess for certain presentations with cocompact hyperbolic
rdleetioJ) grollps, P. g. 1-:,(2) = (w (W )Iall B3-subdiagrams ).

Moufang Polygons

Richard M. Weiss

A gcncralized polygon (or n-gon) is abipartite graph of diameter n and shortest circuit len~th 2n.
Thf' ~cneraliz('d polygons associated with algebraic and classical groups all satisfy the MOlJfan~

propprty..1. Tits introdllccd these notions as part of his theory of buildings, set up conjcctures
'ahotJt thc clas.."iification of Moufang polygons and proved most of them. Tits and I have rccently
compl(~tf'd this da.~sification (ta appear in a forthcoming book). In thc talk, I dcscribcd thc nint'
farnilif's of MOllfan~ poly~ons and gave abrief overview of the classificatioll.

c-extensions of P- and T-geometries

Corinna Wiedorn

\Ve ("ollsicil'r flag-t.ransitive gf'oTlH'tries with diagram

~ ... o----o---!-o and
C

0---0--0 ... 0..--<:1::::==0.

To~ether with A. Ftlkshansky and (~. Stroth we determined all such geolHf'trips (ofrank 2' ·1) wlu'rp
the rank-:J-rt~sidllal p- rf'Sp. T-grometry belongs to thf' sporadir simplf' group ;\1'11 rc·sp. :\11 ."

1·1
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Explicitly, wc have shown that the only existing examples have automorphism group isomorphic
to (sections of) the groups 2 11 Aut(M22), M24 , 2.U6 (2) : 2 (rank 3), M 24 , Co., 223Co2 (rank "I),
2 . BM 1712 , M (rank 5) for the c-P- geometries and to 212 M24 , 224Co., i\1171.2 for thc c-T­
geometries. In the talk we outline the main steps of the proof; in particular, we give an applicatioll
of the shrinking construction introduced in the previous talk by A. Pasini.

Computing in the monsters

Robert A. Wilson

1. We report on computer cakulations in the 196882-dimensional G F(2) representation of thc
Monster sporadic simple group.

(a) We have fouod (2,3, 9)-generators, and are still looking for (2,3,7).

(b) We have wrilten out a pair of ~~standard" (2A, 3B, 29)-generators as.expÜCit matric~s

(taking 8 hours and 9.5 GB) and multiplied them together (takin~g~"~5 hours on 17
processors,-finished at 05:40 on 14/12/98) for fun. .

2. We report on the computer construction of the 4371-dimensional G F(3) represenlation of
Fischer's Baby Monster, using 2-local subgroups and some new tricks. This has applicatiolls
to computing 3-modular characters of the Thompson group.

3. We speculate on the possibility of combining the ideas from both of the above, in order to givf'
an effective construction of the 196883- dimensional G F(3) representation of the Monster .

. Higher dimensional analogues of hyperovals

Satoshi Yoshiara

A family F of d-subspaces of PG(v, q) is called a dual hyperoval in PG'(v, q) if the interscctiofl of
any two distinct members of :F is a projective point, rnutually distinct thrce members of :F inlerspcl.
trivially, :F spans PC( V, q), and IFI = qd +...+q+2. Ir d == 1, .1" is nothing more than the ordinary
dual hyperoval in PG(2, q).

For cvery integer e ~ 3, intcgers 11,7n, 1 5 h, m ~ e - 1, coprime to e. we c:onstruct an ((' - 1)­
dimensional dual hyperoval S~ in PG'(v, 2) admitting doubly transitive automorphism group. "'hf'ff'
v == 2e - 1 (resp. 2e - 2) of 7n + h :/: e (resp. m + h = e). The full autornorphism grouJ> Aut(S~J

is AI'Ld2t
) unless (: == 3 and h = 7n (Aut(S~) is 23

: 5/...3 (2) if e == 3 and " = 7»), anel S~J ~ S~:,
(for the same e) iff (m, h) = (7n', h') or m + m' = e = h + h'.

The affine expansions Af(S~) with m :/: h, m + h t:- e ~ive a new infinite family of flag-transilivp
semibiplal1es. There exists a cov('ring rnap of Af(S~) onto the gluing of two c.opies of c-dimcnsional
affiJw spac('s ov~r (,'F(2) \yit.h thc gilling map x ~ x{2

h
-I)/{2"'-I). It is conjC'Clured that Af(S~) is

silllply rOI1I1f'C"tpd for eVf'ry (. prime.
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Coset geometries of association schemes
and Tits' classification of buildings of spherical type

Paul-Hermann Zieschang

1. We define (association) schemes, and we shaH show in how far seheme theory generalizes

group theory.

2. We dcfinc Coxeter schemes, and we shall derive buildings as eoset geometries in exactly thc
same way as thin buildings (Coxeter complexes) are derived from Coxeter groups.

:1. We sketch thc reduction of "spherical" Coxeter schemes independently from alt concepts of
topology (complex, star, convcxity, convex huH, folding) and of geometry (apartment, flags,
~allcry, roots, reflcction). We just refer to a few basic concepts from scheme theory and
to a few ~cllcral rcsults on Coxeter schemes. The seheme-theoretical concepts are natural
~cl1cralizationsof wcll-known grouJrtheoretical concepts (subgroups, involutions). Thc results
on Coxetcr schemes naturally generalize results of Coxeter groups (existence of minimal eoset
rcprescntatives) .

'I. Apart from (the ahovc-mentioned) topological and geometrie terminology, Tits' reduction in
Section 4 of [Tits74J is based essentiaJly on the nations of "admissibiIity", "eohcrenec", and
Hrplativc convexity". We shall show how to avoid these three eoncepts.

Berichterstatter: F. G. TimmC'sfeld, Gießen
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