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Mathematisches Institut

der Universitdt Bonn

Programm der Tagung Uber "Transformationsgruppen und Invariantentheorie"

Freitag, den 22,9, :

16.00 - 17.00 Uhr: Tee (Wegelerstr. 10)
17.00 - 17.15 Uhr: Erdffnung (GroBer HOrsaal)
17.15 - 18.15 Uhr: R. W. Richardson: Invariant Theory, some History, some

Techniques, some New Results.

Samstag, den 23.9.:

10.00 - 11.00 Uhr: P. Slodowy: Deformation of simple singularities in simple
groups

12.00 - 13.00 Uhr: C. Procesi: Normality of closures of conjugacy clasg:s

17.00 - 18,00 Uhr: D. Luna: SL2—embeddings

Sonntag, den 24.9, :

10.00 - 11.00 Uhr: N. Spaltenstein: Duality for some unipotent classes
12.00 - 13.00 Uhr: D. Peterson: Affine cross sections (?)
17.00 - 18.00 Uhr: G. Schwarz: Lifting vector fields from orbit spaces I

Die Vortrdge finden alle im "Groflen H8rsaal" (WegelerstrafBe 10) statt.

Erfrischungspausen mit Tee: Samstag und Sonntag vormittags von 11.15-12,00 Uhr
vor dem Grofen Hdrsaal, nachmittags ab 16.00 Uhr im Diskussionsraum Beringstr. 1.

Die Post liegt wihrend der Vormittags-Teepausen aus.

Tischtennis im Keller des Hauses BeringstrafBe 4.

Den Tagungsbeitrag bitte an Frau Barrdon (Beringstr. 1, Zi. 14) bezahlen.

Alle Teilnehmer mégen sich bitte in die Teilnehmerliste eiri. "=ren. Teilnehmerlisten
und andere Informationen liegen vor dem Diskussionsraum BeringstzaBe 1 aus.

Die Vortragenden werden gebeten, die Kurzfassungen (summeries)mdglichst bald an
einen der Tagungsleiter abzugeben (in der Beringstr. 4 ist ein Schreibzimmer einr-
gerichtet).

Alle Tagungsteilnehmer mit ihren Damen oder Herren sind herzlich zur Party in derx
bor ingstr. |, Montagabend ab 20.00 Uhr eingeladen.




Mathematisches Institut

der Universitédt Bonn

Programm der Tagung uUber "rransformationsgruppen und Invariantentheorie" (II)

Montag, den 25.9.:

10.00 - 11.00 Uhr: J. F. Boutot: Rational singularities ard quotients by
reductive groups.

12,00 - 13.00 Uhr: V. Kac: Infinite dimensional Lie algebras, representatiosng

of graphs and Invariant Theory.

17.00 - 18.00 Uhr: V. Lakshmibai: Standard Monomial Theory.

Dienstag, den 26.9.:

10.0¢» — 11.00 Uhr: G. Schwarz: Lifting vector fields from orbit spaces LI.

12,00 - 13.00 Uhr: A. Lascoux: Finite linear groups and "charge" of
Young tableaux.

14.00 Uhr ff. Spaziergang nach Villip (Abmar sch von der Beringstr. 1)

Den Tagungsbeitrag bitte an Frau Barrdn (Beringstr. 1, 2zi. 14) bezahlen.

Alle Teilnehmer mdgen sich bitte in die Teilnehmerliste eintragen. Teilne~ -
merlisten und andere Informationen liegen vor dem Diskussionsraum 3er.ing-
strafle 1 aus.

Die Vortragenden werden gebeten, die rurzfassungen (summeries) mdglichst holA
an einen der Tagungsleiter abzugeben (in der Beringstr. 4 ist ein Schreib-
zimmgg_eingerichtet).

Alle Tagungsteilnehmer mit ihren Damen oder Herren sind herzlich zux rFarty
in der Beringstr. 1, Montagabend ab 20.00 Uhr eingeladen.



Mat hematisches Institut

der Universitdt Bonn

Programm der Tagung lber "Transformationsgruppen und Invariantenthieorie" (ITI

Mittwoch, den 27.9.:

10.00 - 11.00 Uhr: H. Popp: Some applications of moduli theory of algebraic
varieties.

12.00 - 13.00 Uhr: M. Hazewinkel: Dynamical systems and invariant theory.
17.00 - 18.00 Uhr: W. Haboush: Central differential operators in positive

characteristic.

Donnerstag, den 28.9.:

10.00 - 11.00 Uhr: H. Morikawa: On some applications of differential
invariants of linear differential operators.

12.00 - 13.00 Uhr: J. Dixmier: On enveloping algebras and invar:ant theory.
17.00 - 18.00 Uhr: C. De Concini: Some remarks on Sp .
n
———————————————— o . . . S . e . . o

Den Tagungsbeitrag bitte an Frau Barrdbn (Beringstr. 1, Zi. 14) bhezahleu.

Alle Teilnehmer mbgen sich bitte in die Teilnehmerlistce cintraqen. Teil -
nehmerlisten und andere Informationen liegen vor dem Diskussionsr.ium
Beringstrafle 1 aus.

Important:

11! Die Vortragenden werden gebeten, Jdie Kurzfassungen (summeries) moég-
lichst bald an einen der Tagungsleiter abzugeben (in der Beringstr. 4
ist ein Schreibzimmer eingerichtet).
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Titel: .NORMALITY .OF CONJUGACY CLASSES
Aautor: PROGE$I CLAUDPIO, . . . . . . ... ...

Adresse: ygTITUTO- MATEMATIGO- ~UNIVERSITA DI-ROMA

(Joint worklwith H.Kraft)
Let L% be a semisimple Lie algebra, G the adjoint group,
x é’%} and Gx the orbi; closure. We analize the problem:
Is Gx a normal variety?
We will restrict our attention to nilpotent orbits.The answer
is yes if %¥ = slh_- and no in general,althout for the
classical groupi one has infinitely many nilpotent orbit
closures yhich are and infinitely many wich are not normal.

The method for sly,

Let X&M be a nilpotent nXn matrix,thought as a map

X:u — U, 7 0 -0 nAoO--0
"EL 3 b Oo & o\ ‘.
e : - o€ A,
X r~ O z_' ol J. O O? |
0..-0 % 6 ---" 0
a Jordan blak, P, P/ pZ; ;pr. We draw the partition
Py p2..l.. p. as a diagram,e.g. E is 3,2,2 and

Y .
let K,pz...,ﬁt be the dual partition of columns.

<

f i . : .V
The rank of X" 1s n _. .pifl*'pi+2~f"' .We form vector

spaces of dimension nl.nz,...: U]’UZ"" and consider




Autor: FPROCESI CLAUDIO Seite Nr.: £

Al A‘?_ Aé-l
the affine space M of maps U.’,AiUnﬁjﬁb U, /""(:)Ur'
I e 7 ' -

B 8, Bet

In M we look at the variety 2Z given by the equations:

BA, = O
ByA, = A8,
ByA, = A,B,
(')
BoyBeoy ™ ApoaBe-

Theorem 1) Z wunder the previous equations is a complete
intersection ,non singular in codimension 1.

2) The mappimg (AI,Bl,.....,At_l,ﬁt_l)~—~—> At—lBt-l
restricted to 2 1is a quotient under the group
Gl(Ui)><G1(Uz)X cose XGI(Utk!) with.image the closure of
the orbit of X .

sketch of the proof

2) Thg previous equations and the classical theorems of in-
variant theory,that the multiplication of matrices is a
quotient, imply easily that the map is in fact a quotient .
The fa;ththat it- maps onto the closure V of the orpit of
comes from two remarks:

s ve {v]reytg ork i for a1l i}

b) We can choose isomorphisms U C:,XF-I(U) and . "thus a

(S

point in Z asqociated to the diagram

¢ - v i L
0 ::3 xt J(U) {::3 xt 2(U)i\/§..... (i means inclusion).
X X

1) Looking at the equations defining Z as fiber of a map

from M to End(U|)><End(Uz)X ceess XEnd(U,_,) one checks




Aautor: PROCES cCLAUYDIO Seite Nr.: %

that the differential of such a map is onto at all points
for which,for each j,either Aj or Bj is of maxim3dl rank.
This gives a hold of a big set Z° of smooth points of 2 X
then one has to show that dim 2-2° L dim Z -2.This is ob-
tained stratifying Z by strata which are itereted fiber pro-
ducts and of which we can compute the dimension.The strata
are those for which each pair Ai’Bi lies in a fixed orbit

Al

. —_— " -
of pairs of maps U, , > U; wunder Gl(Ui_l)><G1(Ui).0ne

uses the classification;i} such orbits to compute their
dimension and so that of the stratum,

A similar approach can be used for the other-classical
groups.In this case if U 1is a space with a form,symmetric
or antisymmetric, -+ X: U ~> U a skew‘map,x induces a non
degenerate form of opposite type on X(U) and so we have

X X X Xeo
a picture: a) Spaces and maps Ul é U2—$ U3-—>...—£Ut

alternatively orthogonal and symplectic,

. % - Y - %
b) Equations xl Xl o, XZ Xz xl xl....

The variety Z obtained is a complete intersection but may
be singular in codimension 1. The mapping

(xl"""’xt-l) —> xt-lx:il is a quotient of Z onto

the orbit closure.

Theorem Z is non singular in codimension | if the partition
(of X) has not & consecutive rows k k h h, h<{k,with

k,h even in the orthogonal case and odd in the symplectic.
Corollary If the complement of the otbit GX of X in its
clofsure has codimension >4 then GX is normal.

Finally for example,for the partition 3 3 1 | the orbit
is not normal.

closure in SPg

by
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Bonn, 22. = 28. September 1978

Titel: Binite linear groups .and. charge of. Young .Tableaux
Autor: . Alaikn-LascouX + o« - « o o o o 2 s o
adresse: U,E.R. Maths. Baris .VIIL, .2.Place Jussieu

75221 , Paris Cedex 05

Tt

For many geometrical or algebraic problem, one needs a
better numerical knowledge of the representations of the
symmetric and linear groups than that is the case for the
moment . The appropriate tool in this field is the so-~called
Schur functions ; this point of view is mainly due to D.E Lit}
tlewood ( Group characters, Oxford, 2nd ed 1950 ) . In modern
language, we should say that he studies the A\ -ring structure

of za,b,.. ] ;, a,b... belonging to a finite alphabet A .

Recent progress have been made by lifting properties of
Schur functions to a non-commutative ring, the ring of the
monoid plaxique ( it is the quotient of the free monoid by
the relations ¥xzy = zxy and zty=tzy for all letters sucb

that x<y<zxt , the alphabet having been totally ordered)

Let us consider the problem of describing the represen-
tations (on € ) of a finite linear group Gl(n,Fq) . There
exist also symmetric functions’, which are called Hall-Little-

wood functions, allowing to compute the characters . We give
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a precise definition at the end of this paper . These func-
tions PI are indexed by partitions I , symmetrical in

the elements of A , but this time with coefficients belonf
ging to Z[ﬁ]. In fact, they also form, as Schur functions

do, a basis of the Z[q] module of symmetric polynomials

with coefficients in Z[{] . So, for example, we can expres

the Schur functions SJ in this basis : .
I

s, = ZI F(1,3) P, |

The polynomial coefficients are called FOULKES polyno-

mials ; Foulkes conjectured the following theorem we prove:

THEOREM . F(I,J) is a polynomial with positive integral
.

coefficients ; moreover, it is monic (the coefficient of thf

maximal power of q is 1 ), and its degree is g

n dn + 2(]'ﬂ-'l--']n--l) * 3(11'1-2'-‘]1‘1"2) e

As the value of F(I,J) for q=] 1is known to be the
cardinal of a certain set of combinatorial objects, Young
tableaux belonging to a certain family T(I,J) , it is

clear that the theorem is implied by

THEOREM' . There exists a function ( the charge)
vy ¢ T(L,J) — N

such that

v(t)
F(I,J) teT(r,t) ¢
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More explicitely : in the free monoid A , a row a

is a word Xyz.., such that xg<y<zx... ; & Tow T

is bigger than another r' = x'y'... if degree(r) <deg(r')

and x>x' , y>y' ,.... A word t is a Young tableau if

for its decomposition in maximal subrows ( t = rlrz...)

r. ﬂis bigger than Tiw) for all i ; the sequence of de-

grees of the successive rows is called the diagram of the

T — A ———

Young Tableau.

On the other hand, a standard word is a word whose

commutative evaluation is a segment in the alphabet , e.g.

—— e et -

deb ,and not dab . For a standard word w , we define its
charge v (w) by the following law : we index the letters by

positive integers, in the lexigraphical order ; ¢ implies

di if d 1is left of ¢ , di+1 if d 1is right of ¢ ;

begin by a, - ;

DEFINITION, v (w) 1is the sum of the indices .

Example. Let w = e, f2 bo dI ag ¢ , then the indexatioi

is the one written and its charge is 1+24141 = 5

Now given a word w with d:(w);‘d;(w);,... , we
extract from it successive standard subwords (its £il£§£ii)‘
Starting from the right, take the first a , and suppose you
have choosen b,;...,c . Now you pick out the first d on
the left of ¢, if none, the first d starting again from the
right of the word . When this process ends, you have obtained

the first filiére of the word, you erase it and build the

second filiere with the remaining word .
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DEFINITION. The charge of such a word is the sum of the char-

ges of its filieres .

Example. b d c a a b c
b d ; . a . c first filiere
o 1 o o
. . < a - bl . 2nd
charge = 2 + 2 = 4

We now need only to define the family T(I,J) to com~

plete the formulation of the theorem : T(I,J) 4is the set of

i i
Young tableaux of diagram J and of evaluation a ny T l o
Fxample. T(1122,24) is the following set
becaabd hdaabe bbaacd cdaabb
cgrlcf’_»jeOf\PM‘ 01.0.2 ol.o.! .0.012 12.0.1
cE:;:dfl"dP‘i"tx: --o.]. ocOol- [o I ¢ IO osOnIo
charge 4 3 3 5

So, according to the theorem, F(1122,24) = q5 + q4 + 2q3 .
The demonstration of the theorem uses exact sequences
in the ring of the plaxique monoid, which extend exact sequen-—
ces of Schur representations ; it will be found in Schitzen’
berger exposé in Séeminaire Pisot (fev.1978) .
This joint work has been announced in the

C.R. Acad. Paris, 286, (1978) 323-324 .
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N.B. The easiest way to define Hall-Littlewood polynomials
is to take a vector space V of dimension m on C, and to
consider the total flag manifold D of V . On it exist
"tautological" line bundles Ll""’Lm vhich are the successi
quotients in the fibration of D into projective spaces.

Let I be a partition: 0<:ils,i2g...im and LI be the

tensor product (Ll)lle ees®(L ) 'm . Moreover, let flj
be the sheaf of j-differential forms on D . The Euler
charateristic of a vector bundle M on D , denoted x (M) ,
is the (formal) vector space Z:.(-q)j (-I)i Hi(p, M®§)j ).

On (l-q)m:X(LI) acts Gl(m,zg , and so let 6(1,J) , which
belongs to 2[q] , be the multiplicity of the component of

index J (the irreducible representations of the linear

group on € are indexed by partitions) .

DEFINITION. Let SJ be the Schur symmetric function of

index 'J ; then the Littlewood-polynomial of index I is

o = Z; G(LIY s, :

The Hall-polynomial P, is equal to Q / dI 5

with a; = Tj} (l-q)...(l-q?j ) IS mj being the number of

parts of I equal to j .+ So, the polynomials F(I,J)

are the elements of the inverse matrix of G(1,J) / &8, -

One has also

DEFINITION. The Green function of index 1 is equal to

h Ty X ,

ZKJ being the character of the irreducible representation

-

of index J of the gymmetric groun (on I T
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One has also another basis of the symmetric polynomials

in (a,b,...) over Zﬂhﬂ , the modified Schur functions S'J i

They are defined through the intermediary of an accessory

gufficiently numerous alphabet X . By definition,

TT-xeex ‘(1-qax) (1-gbx) .../ (1-ax) (I-bx)... -

ZJ s,(x) s, .

Then one can show ¢

PROPOSITION. Q; = ZJ F(1,J) §',

- EEQ
P

The fact that we find the same ccefficients than feor

({1}

the expression of SJ in terms of PI is equivalent to the

"orthogonality" of --Green characters, but in fact, it is a

purely formal property of symmetric polynomials .

For the classical litterature on the_subject, we send
{ to A.0O.MORRIS in Combinatoire du Groupe Symetrique,

Strasbourg 1976, Lect.Notes n 589 .

We shall end by a table of Foulkes polynomials ,

writing 123 for the modified Schur function S'l23 .

AR NN N F IR P TR AT T P AT RN TT I ST L WW&'WA?LI'“LMM
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- TABLE DES POLYNOMES DE FOULKES

Poids 5
Q = 5
Q4 g_ L4,
Q,. = 5+ q 14 + 23
23 3 = 2'_
Q2 T ‘16 2% (‘l +q" *”q 3 14 + (q 3 ) __3_ (q+q2+q3) 113 + (a*+q2) 122 + 1112
8
Qlllll 5+ (q +q7+q +q9) 14 + (q4+q5+q6+q +q ) 23 + (q +q4+2q5+q6+q ) 113
+ (q +q3+qa+q +q ) 122 + (q+q +q +q ) 1112 + 11111
Poids 6
Q = 6
Qs 9ot L2
Q =q~ 6 +q 15+ 24
24 i o=
Q3 =4a &*4 15 +.q 24 + 33
'an.”ls 6+ (q+q’) 15+ q 24 + 114
Q =q46+ (q2+q)l +(q+q2)24+q 34+ q 114 + 123
123~ S = s T 2 3R . 3. 3114
Quop =4 B * (q7*q7) 154 (2+q3+q™) 24 + @ 33 + ¢ 114+ (a+q%) 123+222
Q13 = q6 6 + (q +q£'+q ) 15 + (q +q3+q ) 24 + q3 33 + (q+q2+q3) 114 + (q+q ) 123
+ 1113
= q’ 5 4 3, 4
Qugp =9 &7 <q+q+q)15+ Qd+q* D) 24 + (qP+a® 33 + (Frad+a) 114
+ (q+2q +q ) 123 + q 222 + q 1113 + 1122
Q - 4'%+ ( +q7+q8+q ) 15 + (q4+q5+2q6+q7+q8) 24 +(g*+q>+q]) 33
11112 R 3456 Sy, =
+(q+q+2q+q+q)ll4+(q+2 q +2q7+q ) 123 + (q"+q ) 222
+ (qtq +q3+q ) 1113 + (q+q2+q3) 1122 + 11112
Q - q156+ ( 11 12 13+q y 15 + (q +q8+2q9+ql +2q11+q12+q13) -
RREEE 689 6 7,,8., 9,10 11 12 —
+ (q+q+q+q +q )33+ (q+q 1"*‘q*'2<1‘*"2q +q +q ) 114
+ (q +2q5+2q6+3q7+3q8+2q9+2q ) 123 + (q3+q5+q6+q7+q9) 22
+ ( 3+q4+2qs+2q6+2<17+c18+c19) 1113 + (q +q3+2q{*+q5+2q6+q7+q8) 1122
+ (q+q2+q3+q +q) 11112+ 111111
On a écrit 123 pour la fonction de Schur (modifiée) indexée par la partition

(1,2,3)
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