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Mathematlsches InsEitut
der Unlversitåt Bonr¡

Prograrorn cler Mathemat,ischen ArbeitsÈagung 1981 (I)

Freitag, den 12.6. ¿

t7.OC) - IB.OO Uhr: M.F. Atiyah: Convexity and corunutinq ltaniltonians

Sams den 1 3.6.
lo.OO - ll.Oo Uhr: B. Mðuur: Abeltan extenslons of Q

12.oO - l3.Oo uhr: I), De Tu.rck¡ 'ol*lanifold" of Ricci curvåturgs

17.OO - 18.OO Uhr: S" Mal.crrange: Vanishlng cohomology and Bernstein polynomials

Sonnt.ag, den t4.6.:
IO.OO - II.OO Uhr: D" ¡4¿]stow: Complex reflect,lon groups

12.OO - 13.0o Ut¡r: bl. FuLton: Complex proJectlve geometry (varletles of small
codimenslon )

16.45 * 17.oo Uhr Festlegung der nåchsten Vortråge

R. S,lacPherson! Intersect,lon homology and nilpotent, orbitst7.oo - 1B.oo Uhr:

Dle Vortråge fi.nden alle irn t'Großen tlÕrsaal" (Wegelerstr. 10) statt. Erfri schunqs-
pausen mlt Tee: Sanstag und Sonntag 11.15-12.O0 Uhr vor dem Großen Hörsaal, nach-
mlttags ab 15.3O Uhr j.m Dlskussionsraum BerlngstrafJe 1. Dte Post liegt wåhrend
der 'leepausen aus. Tischtennis im Kell-er des Hauses Beringstraße 4. Den T

Þ*-!fqg bltte an Frau Gerber (SFB-8üro BeringstraBe 4) bezahlen. AlIe Teilnehmer
uögen sich bitte in die Tellnehnerllsten eintragen. Teilneh¡¡erIj.sÈen und andere
Infc¡rmatlonen l.i egen vor dem Disku.$sionsraum BerinEstraße I aus.

AlIe Tagung steilnelrroer mit itrren Da$en oder Herren sind herzlich zun Empfang des
Rektjors eingeladen. Zeit: Montag. 15.6., 20.30 Uhr. Ort: Festsaal der UniversiLãt,
Hauptgebåucle; EinganE von der Straße "À¡R Hof" durch das Tor gegenüber Buchhandlung
Röhr scheicl.



MaLhenatisches Institut
der Universitåt Bonn

Programm der Mathematischen Arbeitstagung 1991 (II)
================================

Montaq, den 15.6.

lo.oo - 11.oo uhr: J. Tate: starkts conjecture about L-series at s=o

12.æ - 13.oo uhr: !{. Meyer: Gromov's work on Betti numbers

17.oo - 18.oo uhr: K. Diederich: complete Kåhrer domains

Di den 16.6.:

1o.o5 -

10.20 -

10. 20 Uhr:

1 I .20 Uhr:

Pestlegung der restlichen VortrÊige

W.D. Neumann: Thurston's work

L2.45 - can 21.oO Uhr: Ausflug nach Andernach. Abfahrt pünkÈIich um 12.45 Uhrmit Motorschiff "Carmen Silva" am Alten ZoLL.

Die Vortråge finden alle im "Großen Hörsaal" (Wegelerstraße 1O) statt.
Erfrischungspausen mit Tee : Montag vormiÈtags 11.45-l2.OO Uhr vor dem GroßenHörsaal' nach¡nittags ab 15.30 Uhr im Diskussionsraum Beringstraße 1.
Die Post' liegt wã.hrend der Teepausen aus. Tischtennis im Keller des Hauses
Berl-ngstraße 4. Den Tagunqsbeitrag bitte affiffier (sFB-Büro, Beringstr. 4)bezahlen. Alle Teilnehmer mögen À1ch bitte in die Teilnehmerlisten eintraaen.TeilnehrrerlistenundandereInformationen1iegenvoffiraumnáring-
straße I aus.

Alle Tagungsteilnehmer mit Íhren Damen oder Herren sind herzlich zr:m Empfang
des Rektors eingeladen. zeit: Montag, |s.6.,20.30 uhr. ort: Festsaar deruniversität (Hauptgebåude), Eingang von der straße ,,Am Hof,, durch das Tor
gegenüber Buchhandlung Röhrscheid.



Mathematisches Institut,
der Universitåt Bonn

Mittwoch den 17.6.

1O.OO - 11.OO Uhr: A. Derdzlnskl: Elnstein metrlcs

Prograrnn der Mathematischen Arbeitstagung 1991 (III)
====E======================EF======E-==AÊ==B========

S. Zucker¡ L2-cohomology oe arf*¡netic groups12.OO - 13.OO Uh¡:

17.OO - 18.OO Uhr: A. !{iles: Explicit constructlons of class flelds

DonnerstaÇ, den 18.6.

1o.oO - 11-Oo Uhr: J. Duistermaat,: Asymptotlcs of spherical functions

12.oo - 13.oo uhr: M-F. vigneras¡ works of l{aldspurger (autonotphÍc
forms of halfintegral wetght)

17.oo - 18.oo uhr: R. schultz: Topological slmllarity of representations

Die Referenten werden gebeten, ihre Kurzfassungen bls Mittwoch 16.30 Uhrbei Herrn Gekeler abzugebe n, da wir den Tagungsbericht allen Teilnehmern
noch vor ihrer Abrej.se aushåndigen möchten.

Die Vortråge finden alle l¡u "Grojen llörsaal', (Wegelerstraße 10) statt.
Erfrischunsspausen mit Tee: Mlttwoch und Donners tag vormittags von 11.15
12.OO Uhr vor dem
Beringstraße 1.

Großen Hörsaal, nachmittags ab 15.30 uhr im Dlskussionsrar¡m

Die Post liegt wåhrend der Teepausen aus.

Tíschtennis im Keller des Hauses Beringstraße 4.
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Tltrl¡ Abellan extensLons of e

Àutor: g. Mazur

rn my tark r described some recent results obtalned
ln corlaboratLon wlth Andrew wfles. r safd reratlvely
rlttle about the technlques whlch yleld these results.

Brteflyr !fê expllcltly construct certaln class
fields of'cyclotomlc number fieLds as the spllttlng
flelds of certaln flnlte subgroups of jacobi.ans of
modular curves. The constructlon of these finlte sub-
groupg ls obtalned after a cLose study of the so-calred
Elgenstetn 1deal and the Kubert-Lang cuspldal subgroup.
The ldea of obtalnJ.ng detalLed lnformation about class
fleLds by flndtng them as splltting flerds of flnite
subgroups of Jacoblans of modular curves ls due to
Rfbet ( 1 ).

If 5 t") ls the Riemann zeta-functlon, then
for an odd lnteger k Þ 1,

5 (-k) = -Bk_¡t / k+l € 0

where Br. ls the n-th Bern6ulLi number. Kummer per-
celved certaln congruences between ttre )t-xl which have
been expressed by Kubota and Leopoldt ln the following
form. Let p be an odd prlme number. Then for each 1 mod
p-l , where I Ls an odd rnteger t* q rnod p-l , the
numbers (l-pktlt-rl € 0 gep for k =t mod p-1 may
be 'rp-adlcalry interpolated" in the sense that there
exlsts a pogrer eeries wlth p-adlc coeffLcfents:

(1)
L (r) "át)+ u{t,r -t ajr)*2+ .... e ,nF{

such that

r(1) ((ppk)-r) : (r-pk) 5(-k) (k=r , k>1)



Àutort B. Holtt¡.*

Ferrero and washlngton have shown that, for each 1,

at least one of the coefflcLents of L(1) 1r) is a p-adJ.c
tt) 

be the smalleet lndex for which thls tsunit. Let ;t'' Ieet lnCler to
true. Then ¡,(r) (r) factors r:nlquely ln z-lFrJ[ rnto ttre
psoduct or a monLc porynomrJ 

-;(ititl-'iä;j" 
2(r)

and a'unlt power serles u'-' (T) € ,pLLTU

Iwasawa provlded a conjectural arlthmetlc lnterpret-
ation of the zeroes of r,(1) (r) ln the,p-adlc unlt dlsk
( equlval.entlyr of the polynomlal g'*'(T) ).

Nanely, lf /N- A is the group of N-th roots of 1 ,

let À denote the p-part of the fdeal class group of-- - --n
the field Q( þ^n*1) . Let X denote the Pontrjagl,n dual
of the dlecreieof-torston grouP tg An. By the work

of lwasawa and Ferrero-!{ashlngton, one knows that x
, ¡ , -----t- ñl---- ¡ - - --À-mOqUfe OI llnltg f illtji o trllËf ti ¡Þ q ¡rcrL-ls a lree a

ural actlon of cal. rcl /
ad¡nlts a canonlcal sPlttt

o--+Ja*-

on X. Since 7'
,,.o)/Q)
lng

p p

IFXpz\p 1-._--- ({.)

*where { --* lri ls reduction nod p, c.) ls
lt,e unique llftlng,:,and where I-f" topologlcally
generated by /= 1+p r the natural actlon of zl on

x ls retrlevable Lf one retal"ns the action ofprrf,
lnduced by the ltftlng â , and the (commutlng) act-
lon of {. Decomposlng X as a dLrect sum of elgen-
spaces for the actlon of rr| we have: X-@Xtritl

where t runs through lntegers mod p-1, and where Xt qfl
ls the subgroup of x consLstlng of elements euch t'hat
the actlon of irï r" via the character Còi.

r.t 
-rll) 

1r) 
nO. 

the characterlstlc polynornLal of
the endomorphlsm f-t actlng on XtCt)ll. Then our main
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theorem aaaerts that

r (1) (r)

deg f (1) (T) =
I odd

for odd indlcee I mod p_1 such that L/ _,r êstâblfshfngthe conJecture of rwasawa. I

Prlor to our work, Iwasavra had eetabllshed that

>j

(1)
g (r)

I odd

(1)e9g (r)

L* -1

by means of the crasslcal analytlc formura. To provefwasawars conJecturerthenr lt sufflces to show that

. g(1)(r) dlvldes r(1)(r)

for every odd index I ( ¿+ -1 ). The problem ts there-fore one of constructtng enouqh unramlfled p-abellan

:::ï"::"inl' li#ull. "liï.i:-:ïjï.:ii:'"ïi:;ï.naturat acrton of GaL(e ( /Lnl/ÐMy tal-k concruded nrrth'updÍ"".rssron of the apprrcatlonof our work to three classlcal probr.ems: the ,,Herbrand_
R:lbet" probLem, the conJecture of Gras r and the size ofthe hlgher K-groups KZkV,l where k).1 is an odd integer.

L*r -1

Referen

(1) Rr.bet, K. A modur.ar'constructfon'of unramtfledp-extenslons of Q(/*ol. rnv. Math., 34, 151_162 (1976)



Titel ¡ The ,,manifold" of Rf cc1 curvatures

Àdresse: Courant Instftute of Math. Scl., New yorkr l,l.lf 1OO12

DeTurckÀuÈor: Dennls M.

Ever s Ínce Gaus s proved ht s Theorema EgreqLum+- , the
ques t I on of prec I seLv de termÍn I ng to what exten t t he curvature of a manl fo1d de termlnes I t s geome try has been con s f
dered A fundamen tal ques t lon 1 deI to t ermlne wh I ch funct Itensors can be curvature func t t fons o RIemannI an or other
me t r f cs For sca1ar curvature rh I roblem, s p has been al.mo s tompl ete Iv resoLved ( a eA tr 1 and I ts bfbI lography .Here ,sre examin e r,he corre s¡pond 1ng probLem f,or R1cc I curvaÈure
1 e I ,

t $te cons der the que s t lon il
G 1ven ta symme tr c tensor

RI j can a metrI c g be f ound so that R t s t he RT cc I curvature tensor o f I ? Thl s gue s t lon I Is a so of lmportancâ Ingene raI re I at Ivi ty Un L Ike rhe s 1 tua tLon for sca lar curvature howeve r t even the 1ocaI lonvers of rh I s probI em f a
di f f, lcul t to resoI ve The prob1 boem I t s down to the ques t I onof exI s tence ot soluti.ons for the equat f on
(1) Hc(g) = ft
where Ric fs the (second-order quaslllnear) system of par_tlal differential operators that map metrlcs to their Rlccltensors (see fotl¡. So, the system (l) seems determfned lnthe sense that there are the same number of eguatÍons asunknowns. However, upon examlnlng the r.lnearlzatl0n of theRlccl equation:
(2') Ric' (g)h 

= frnrc1s+th)f¡=o = tth _ 6*, c(h)
one flnds that the Rlccf operator 

's 
degenerate 

'n 
thesense that every dlrectlon

tor at every polnt. In (2r,
(an elLfptlc operator), f f
metrlc tensors to 1-forms,
symmetrized covarlant dertv
tion operator', G ls an inve
operator deflned by c(Ì¡) =
ls the stress-energy tenEor

ls characterlst,fc for the opera_
À, ts the Ltchnerowtcz Laplacfan
s the divergenqe mapplng of sym_
and 5* ts tts L2-adjoint (the
atlve, see [BE]). The ',gravita-
rÈlble self-adJolnt algebrafc

1h - ä(rr h)g. Nore rhar c(Rlc(g))
of general relativlty.



Àutor! D. DeTurck Selte Nr.: 2

The degeneracy of the Rlccl operator ls related to the

fact that tt ls Lnvarlant und,er the actfon of the grouP of
aretèõrnoiþhr-ms' 1:é. ; that

(3) Rtc(grtsl = {Rfc(s)
for any dlffeomorphlsm I, If I t is a one-parameter fantly of
dlffeomorphtsmswlthPg*ldentityrt'henthederl-vatlveof
(3) at t=O ytelds the Bianchl tdentlty for Rj.ccl curvature:

(4) -ÍotRtc(g)) = Rlc(s)1,a ]nr"{øl],b 'o
If we are to soLve equatlon (1) for a sPecltlc R, then a neces

sary condiiion on R is that there musi exLs'. metrics wLÈh

respecttowhtchJGln¡=g.Thatthtslsagenufnerestrlctlon
on Lhe choLces of R can be shown by examples (see ED1,D2]) of
Rrs for which no such metrlcs exlstr êv€ll locally. Hov¡ever'

the foLlowLng J.ocal theorems holtil:

[D2J If *fJ ls analyt,tc and n-1Exlstence theorem. (a) exlsts
ln a neighborhood of a polnt p¡ then there exlsts an analyiic
metrj-c of any destred eJ,gnature such that Rtc (9) =R ln a ne!-gh-

(b) [D2J If Rtj Ís smooth and R

hood of a point p, then there exl"sts
rlc a such that Rlc(9)=R ln a nelghborhood of p'

(c) tD3J Under the hypotheses of (b) ' the Cauchy problem

(lnltlat value problem) for Rtc(g)=R wlth Lorentz I is solva-
ble Locally ln time, provlded the lnLtLal" data satlsfy certaLn

necessary compatlblltty condLtlons.

If g is a Rl-emannfan metrl"c such that

There also are specJ.a1 locat theorems for Elnstein metrLcs

(!..e., metrlcs for whlch Rlc(g)=cg for some constant c')

IDKJRe

1 exists Ín a nelghbor-
a smooth Rlemannian met-

theorem.arlt
-'t - .r-^- r- ^krdand R ' exlsts, then g ls C¡o( (analytlc)Rlc (g) =R J.s

(analytlc).

ck'c or Hs.In the above, "Bmogth" means
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EÍnsteln metrLc theorem. (a) (ExJ_stence tcl) Given the 2_Jet
of a metrfc g at p such that Rlc(g)=cA at p, we can flnd an
analytlc Elnstetn metrlc ln a nelghborhood of p wlth thls
2-jet.

(b) (Regularlty [pf]l In approprlatel.y chosen coordlnate
systems, Elnsteln metrlcs are reaL anal,ytic.

These last results lndlcate that the Bianchl fdentlty is the
onlv obstructlon to local solvablllty of equatlon (1), srnce
6c(cg) ls necessarlry zero. A marn fngredient Ín the proofs
of the flrEt two theorems Ls the observation that the system
(s) ruc(g) - 6frn-1dc(n) = R

ls elllptlc. Moreover, equatlon (1) rmpries equatron (5), by
the Blanchi identlty (4). Slnce elliptlc equat!.ons are easter
(not lmposslble) to deal wlth anal.ytl.callyr wê seareh for
condltlons under whl.ch equatl_on (5) lmplles equatlon (1).

Perturbatlon lemma. Suppose Rlc(gO)=RO on a compact manlfold
RO' exlsts. Then, for g sufficlently closeM with b., (tt) =O, and

to gO, and R to RO, equatlon (5) irnpltes equatlon (l).

To prove thLs, Te take Íc of both sides of (5), notlng that
the l-form u=R 1fc(n) satlsfies a perturbatlon of the Hodge-
deRham Laplace equation. This equatlon wilr not have o as an
elgenvalue lf R and g are crose enough to Ro and 9o. Thus,
u must be tero.

A consequence of the perturbation lemma is that on manl-
fords wlth b, (u) =o, yre can use elltptic pDE theory to analyze
the local structure of the lmage of Rlc (i.e., the Banachr
manlford 'of Rtccl curvatures). rn partfcurarr vr€ have a smooth
manffold structure lf the linearLzatlon of (5) (which fs essen,|

tlalJ-y å4,) Ís nice. As an example, vre can use technlques f rom
blfurcatlon theory to prove the following:

P¡qpositÍon. The manifold of Riccl curvatures on Sn ln a neigh
borhood of the Riccl- curvature of the canonlcaL metric is a
codlmenslon-one hypersurface .
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thue, not every Rlccl candLdate near the standard Rlccl curv-
ature on Sn is the Riccl curvature of a metrlc near the stan-
dard one. fhe norma!. dlrectLon ls glven (at the canonLcal
curvature) by the canonJ.cal metrlc.

1Io conclude, we remark that slnLlar techntquas can be

used to analyze the equatlons

Rtc(g) r T + f'g
w.here I ls a sealar funetlon elÈher of x¡M or else of x and
tr Îi', aB in tire Einetein equations of generai reiativity.
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16 Wuppertal 1

H.Grauert asked in 1916, tgl , for the first time the
question how 1t is possibre to characterize stein manifords
by means of cornprete Kähler. metrics, He proved:
Theorem 1. Let X be a Stein manifoilct and AaX a closed. com_
plex-analytic varÍety. Then x¡A carries a comprete KähLer
me tric .

Remar\. since x \ A is not stein for codimension A È 2, thls
shows that the existence of a cornplete Kähler metri-c on a
d.omain in 0n does not imply that bhis d.omain is stein.
But H.Grauert also proved:

Theore m 2. rÆt Dc0n be a domaln with smooth, real-anarytic
boundary. ff there exists a complete Kähler metric in D,
then D is Stein.
After a brief report on further important resul_ts in this
dlrection, especially on the theorems of iì.E.Greene and. H.
\¡/u, the most recent pro6ress in this fietd vras discussed.
s.Y.cheng and s.T.yau announced the folrowing very strong
existence

Theorem t,
sta tement :

1s a complete Kähler-þjinstein metric.
The sufficiency statement for this additional curvature
condition was recently announced by Mok:

Theorem 4. Any bounded d.omaln of holomorphy in Cn wlth a
complete Käh1er-Einstein metrlc is Stein.
what can be said without imposing further curîvature conditi
After l.Ohsawa generalized. in l5TCrauert's theo¡"em 2 to
the case of domains with smooth c1-bounrraries, til, author
showed together with p.pflug

on any bounded domain of horomorphy in 0n ürere

2
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Theorcm 5. Suppose D.is a complete Kähler domain on a complex

1 rl. Then one has:manlfold X. Put A:=
\ +Â ñ aa - ñr--j* -! ^11 - -^ 

rL^* l\ i^ ^rrn-,ü.rhnnaa) 1I D LS IOCAIIy ùt/UIIr i,lU dl-I pr:--rrt u¡r('rr )J -LÞ r;vstJW¡rvÀv

locally Stein. o

b) If A is a removablÞ singularity set for Ø(n), then Í is
locally Stein.
Remark. Notice that it follows i-n 1,he situation of a) resp.

'o
b,) bhat D re6p. T ls Steirr Íf X !s known to he Stein,

An ini,¿resiingl quesUiuri is wì¡icìr -,,ìiin seis A cân aiiijcai' ii'i
{'}ra oì *¡,o-F ì nn nf l:hm q fF C)hc,nwa nnoved i n f 61,
v¡¡u Ú¿ vqq u4v¡¡ vt.'t.. / r- * ' - -

4

Theorem 6. Let D and A be as in bhcorem r, If A is a C'-sub-
manifold of real codimension 2 then A ls complex-alr¿i1ybj-c.

þ-or the case of higher codimen*rions it is proved- in lLl

Theorem 7. Let D and. A be as in thm. !
a--!i - -.^-i¡$*. ^Jr -a^'ì ^a¡li*ancinn 7 'S
LJ t/IL; VCr! Il' UJ \J.L l.vq! vvul¡r¡'-¡¡ÙÁv¡¡ E 4 t

lytic..
Surprlsingty, the assumption of reai-anaiyi;ieity ili cocii¡trerl-

1 ^--^l-I l\ I$ ä r'ear-alrd-

{-}ron Â ic ¡-ômnlew-nnn-

sion ) 3 in geræal cannot be weake ned. to C

has, Ç-Zl t

Theorem B. let d à I be any integer. Then there is a closed
C--submanifold A of a balt B with coCimension dr which is
not complex-analytic and for which there is a complete

Kähler metric on B \ A.

The nature of these non-complex-an: Iytic examples is not
yet c1ear. But it can be Proved:

The_oreJn_9. Let A<. B á0n be a C*-submanifold with O@TpA =

Cn for all pé4. Then B \A does not carry. a complete Kähler
metric.

Re ferslce s

1, Diederich, K., Pflug, P.: Über Gebiete mit 'rLlständiger
Kählermetrik. fo appear in Math.Ann..

2, Diederich, K,, Fornaess, J.Ð.: Thin complemeni.:r of com-
plete Kähler dom¿rins. i'reprint 1981 .

, because one
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T!'tcl s Asymptotr.cs of erementary spherÍcar functÍons.
ÀuÈor: J.J.Dulstermaat,

Adressc! Mathematisch Instltuut, Utrecht, Holland.

Thls ig a report on jornt work wtth J.A.c.Korkand V.S.VaradaraJan. -

Let G be a rear- connected semlslmple Lle group
with ffnlte center and G = K.A.N lts rwasawa decomposltlon.
r€t be the r,ie algebra of A. Then the 'rrwasa!'a
proJectlon', H: G -à ot is deflned by

1) x e K.exp H(x).N

We wanted to study the asympt,otlc behavlour
of oscll.latory J.ntegrale of the type

2l r",t s f" e1(H(ak)'E) 9(k¡ dk (a € A),

as I -r - ln &. Here g e, c*(x) ; examples are the
elementary epherlcal functlons, where g(k) = exp _(g(at)rp),
and more generarry the matrr.x coeffrcr"ents of the
prlncipal. series representatlons of G. The famous
aeymptotlcs of Harlsh-chandra Ls the one for a -, ôô
ln A+ (the posftlve Weyl chamber ln A), keeplng Eflxed. rt was baged on the fact that these functr.ons
are the restrletLons to A of the common elgenfunctions
of alL G-lnvariant dlfferentfaL operators on the
symnetrlc space K\c ( f represents the elgenvalues).
For the elementary spherical funetlons and for a € Ar,
a carefur study of HarLsh-chandrars methods also ytelds
the deeLred asymptotics for g* - . Hortrever, followlnq
L.cohnrs approach to the asymptotics of c-functrons,
ïre preferred a direct study of the integral.s 2) ¡
because 1t leade to more general. resurts and the proof
Lg much slmpler. More J.mportantly, Lt Lead us also to
: '' some surprlaÍng l-nslghts ln the geometrlc propertles
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(J -t ùÕ It j,s well-knc¡wn t,hen that the contrfbutions
to the asympto{:iÇ ex¡ranslon only come f::om the

critlcal points of the phase funct'lon O"rg on K,

where

3)
!-.t-a- r Ê r<,"ÌllarÍt t \ I

Thls may he conel-dererå as t,estj'rtg the Ïtttasarra projectlon
of the K-orl¡lt, '[ xat< ; k G K i of the polnt Ka Ln

the symmetrJ.c Ëp¿ice K\.i; , l:Y ¿l l|near form" The fiberc
of the Twasavr,:, prcjectLo¡'¡ are tt¡e li'-orblt,s 1n the

symmetr:i.c spåce, which ¿rre a}*o caLled {:he horospheres.

Ttreorem 1. If a = t:xp Ko H,Ç 6ot", the¡r the crftlcal'
fs equal toset of r*rÇ

of the lwasawa prüjectlon 1.t'self .

To start wj.t'h, let us conslder the radial
t t, - r t - ----1 --.^'^ASympECttIÇ9r ËnaÏ: I,¡, lrvr-.¡ ¡.r;yrd't'F

r.. ç(k)

w {-lË

as a dlsioint unfon over ht e +,i*\atI,/zf, and f i"nally

+ dlm û1 o
do(

Here KX, resp. Kg derlotes Lh¡e cent'raiízer of X'

resp. Ç ín K. FurtireTri-rrE)Ëe 0 ¿'Í la the t{e¡")' group =

Èhe normalfzer of cL in K mc¡dulo the centrallzer l'1

of OL Ln K" So t|¡€ notatlon w KÊ ntakes sense

because Kr: M" Moreover KX = l'f .x$-""4 *l= ol:t
(component problems come from M), 4J can be written

each comË>onent of the ** * *( -orblt' ** * 
\ 

has

the same dLmensLon¡

s) dlm (x* w rE) = dLm t'1
Ð

"< 
eA-.

.r1q¡ .rx (x) " c

In partl'cular , KXr, dePends only on the

eet of roots ?( vanLshlng oñ' x' resp. g ' So testlng
the Ïwasasra proJectlon of the K-orblt wtth varylng
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llnear formEr the crltlcal sets do not move, they
onry' srhen more roots vanÍsh on Ë , suddenly change
lnto hlgher dlmenslonal manffolds, and there are
only frnftely many chofces. The crltlcaL values are
equal to <\il-l (X)rt> t nêa{ , and a llttle reflection
makes lt plauslbte that H(aK) must be egual to the
convex. huII of the flnltely many points, w-l (x), wê,.tuT tthls fE Kostantrs convexfty theorem. For compLetlng
the above proof one onry needs the addrtionar. rnforma::

_tlon 
that FarB has only one local maximum, resp.

local mÍnlmumr-thrs folrows from the descriptron

;:.:': ":ï :: 
"::."i" k ¿1, T' ;:".:l' lî" 

" 
il' :,';::i.::"

(Lelden), whlch contaÍns many more lnterestÍng convex-
lty resultg.

,Theorem 2. The HessLan of F.rt at each crltlcal polnt
ls non-degenerate trangversarif to the crrtrcar.
¡nanlfold. Àt 1,r e 4¡f tt is glven by

6) * L d({1.(1- e
¿tñ

where

-2. wo((x)

F.* denotes the orthogonal proJectlon from
= ( ol*e ?-o() rì 'fc .

E,

to lR.
0a

A dlrect applicatlon of the method of
statlonary phase now glvesr

CoroI- 3. For h)+ oô we have the asymptotlc expansLon

"Í(w-1 
(*) ,( t Ë u,:ånw-t

of K*wK ln K (cf.5))
lclent ls of the form

t,,Lrl

TT la({t¡- i ar* o¿"
' cln,o

xéA+,

7') r" 
, ur.( I'

w,.h re, = ""uiåXH"and the J.eadlng coeff

g) ., ,orE*
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Here A; ls the set of posttlve roots whlch vanlsh

nelther än t nor on w-1 (x), "*ro is a constant
whlch does not depend on E and can be expressed

expllcltly as an lntegra!- of I ov€r K* w Kgr which

¡nanlfoLd does not change as long as the set of roots
vanlshlng on f, retmafns the same. '

The !.mportant thtng to observe Ls that the

order of growth - t tu, Jumps up (becomes less negatlve)
lf E enters the tntersection of more rooi hyperpianes

Ker ùc , thls change ln asymptotfc behavlour le al'so

reflected by the elngular behavlour of the leadlng
coefflcfent as E approaches Ker ø( , cf. 8). Thls

dependence of the asymptotlcs on the posJ-tlon of ç in
ls an example of eo-called cauetlc behavlour. However
r ,. ,- -E *^-t^ L{n¿{ laaasrrea {'lra
nere IE ¡.8 9I al vgly ¡IrJ¡r-Yrtv¡lli¡.J.v õÄI¡sr vevssev b..v

caustic set 1s a unlon of hyperplanes lnstead of a

cat3strophe set à la Thom. Away from the caustl,cs the

expanslons are local3.y unLform fn g , and near the
f above what ha ens

TL

at the caustlc. However, tt ls usualLy very hard to
wrÍte down unlform estlmates whlch are sharp in every

dLrectlon, and therefore we are quf"te proud to present

the followLng obvlous guess as a theorem;

Theorem 4. Flx a comPact subset Ao of A. For any

w e 1Í , let Af tao) be tlî set of posltJ"ve roots
whlch vat'¡lsh nowhere on t-' (Ao) . Then we can f lnd a

Cñ-norm \t on Ctxl r III = { dlm N, euch that for aLl

a e Ao, I e, cn(K), and all q e aL :

e) lr.,€ I <u(g). f, T,- . (1+ f"((ç)1,-åatm 9*.
wê 1,j dé ô; (Ao)
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lts

10)

'r"rlrl:ï:ï";":ï:":" 
the studY or Fa'Ê *s

dE'
& Fexp tx, E 

(k) ¡=s = (xr Ad k (f )>'fx,g (L )

Thls can be regarded as testJ.ng the Ad f-orbit of g
1n the.orthogonal comprement 6 ("symmetrlc matrices,,r
of 40. n V, by a lLnear formi because x Q,ot hre are
only testlng the orthogonal proJectlon of Ad K(g) to ou
by rlnear forms. The fx,É have the same guaLltatlve
propertJ.es as the t"*n X,e , ln fact there ls an
automorphlsm A of the tangent bundre of K, depending
smoothly on X and not dependlng on ç , whlch
maps 

- 
uf{, q t: dFexp x, ( ' unfortunately we courd

not decLde whether there is a dlffeomorphism of K

depending smoothly on X and g , whlch maps fX,€
to Fexp x, f , such a reductlon to the slmpler
functlon ti,g would have reduced the comprlcatlons
ln the analysis conslderably. For examplerthe fX,€
are obvLously left K*- and rtght Kg-invarlant. '
In contragt, Fexp X, f fs left KX- lnvarlant but
not always rlght rgJlnvariant, although for I in
the closure of the þosltlve weyl chamber it ts right
K"-lnvarlanti a confusing sltuatlon.

5
The same proof applles to show that

also the orthogonal proJectLon to ô1" of Ad K(f )

is equal, to the convex hull of ary(,ç,) , lt is thls
convexlty theorem (also due to Kostant) ., and moreover
restricted to the case that the group G is complex,
whlch was clted ln the lecture of Atlyah. In fact, if
G ls complexrthen LO?. =L ls the Lle algebra of a
maxlmal torus T ln K, 1ó = lq and Ad K(ç) can be
ldentlfled wtrh rhe Ad K -orblr tf Lg fn k.
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Functl,ons llke fXrË had been consLdered

berç¡:e by Bott for compact (g co¡nplex) groups ' and
r - Þ-r--.---l-J -*J ?t-L-----l-J 3^- 1 e^â1 ^^a{ a{ñâ1Ã ,1[)y I'alrtguÇ¡r¿ êltfJ ¡\!!¡.rd'yctsr¡rI rLrr YCr¡¡çrt qJ. !çqÄ ÐE¡r¡ÄÐ¡¡r¡t/¡E u.

Uslng a sui-table Riemannian metric on the flag
rnanl.fold */\os J\d i{t(), they ldentlfted the stable
ma¡rf liolds for the gratli.ent flow of fX,f wlth the
[trr.lhaù cells (=Schuþert cells), whlch ti turn can be

'ssed t.o 6how that t*rg has the minlmâl nunber of
crlt"l.cal polnts when rt ls Morse. or, ln Kulperrs
t:ermi"noLogy, the embedding k tsàAd k(l) of K,/Kg ln A
ls blght. For G = SL(3rR) rf s,r.g,rtar, thLs ls the Veronese

emheddinE of the proJectl"ve plane, the orthogonal
projectlon to ou ylelds the equllateraL trlangle
wh:Lct¡ appeared tn the movfe of Banchoff , whlch he

sliowed at the Internatfonal Congress in Heisinki.
SlmLlar results couLd be obtained for

osclllatory lntegrals on conjugacy classes in G,

but there ls no t,ime left to explain these here.
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Background References

! t - ÇappeLl" and ,J. Shaneson, Ànn. of math. I 1 3(1991 ), 263-27a.

Ilnenr representatÍons,
N. Kufper and J. Robbln, ]-nv. Math. 19 (1g7j),g3_106
R' schultz, I'op.loEjrJL(19771 , 263-z?a.

The f*e¡¡,l polnt of; ttrfs report is the forlowl
TÎ¡EOREI'!. Let G t¡e a ffnfte cyctic group of oddrrrde'r, and .!-e* SrTr G---+GLtn,nl U"'iåfi,"sentatlonsof G" Then f:he foj_Ior-rJ-ng are eqùivalent:(1) There is an inveiti"bre i x n matrrx A suchthat T(g) = Agtg)a*l n all g€ e.

- (11) There Is a homeomorphism A of Rn so thatthe J-dentfty tn (f ) ho1ds.

of coursgl-!l) *à (fi) ls trlvlal. Recenr,tytwo somewhat drfferent proofs of the converse wêreannounced. One ls due to W.-C. llslang and bt.Pardon, and the ot,her fs due to I. l,ladsen and M.Rothenberg.

St,anelard machl_nery yfelds the foj.lowlns:
coRoLLÀRY" The concr.¡sro¡l of the rheorem rs varidf,or (a) flntte groups wrth order not, drvrsibre bt-four, (b) compaèt Lte groups wlth an odd number ofcomponentsrprovfded the representatÍons are contln-uoug.

HlstorLcal Remarks.
nad be€n knovr¡n ln many

EquLvalence of (1)
specfal cases:

and (ti)

(1) n at ntost 2 (essentfally due Èo polncarê).
JZ) representatlons for whlch g f I imp1J.es q
l"ly": on.ty o flxed. (rhts rorÍows f;;; rhe Arlyah_þott formu].a).
t3l p-. groups for,p an odd prime (usf-ng Sullfvan,sorl.ent'atfon crass for topololtcal ;-pi;". bundres
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ThekeytotheHslang-Pardon.prooflscontalnedin
the followiírg iesult (and-lt ts also crucl"al to the
semlfree case):

INTERMEDIATE TtlEoREM. Let G be cyclJ.c of odd order ' and

let V and W Uã tãpofogfcally equlvalent representatlons'
Wrlte V = k * V.,,"wheie G aäts trlvlal"ly on the flrst
ä"ro,ã"a "rrã 

h""" o for the fLxed polnt set of the
ãecond, and ,iit" w ltkewtse' Then there ls a PL G-

ããtrorr'on a homotopy sphere H wlth the followlng
propertlee:

(r)Theactlonlscombl.natorlallylocallysmoothable
(ff) The flxed polnt set of each subgroup ls a

PL sPhere.
(11r)TheflxedpolntsetofGconslstsoftwo

pornt-,aånd the l_ocal representatlons at these points
are a power of two ttmes Vo and l{6'

wlththtslnhand,theproofconcludesÞyestab-
llehfnq a PL varfant of the atlyah-fott formula.

( thlser smep rareec Iscomebeomerhabd e fry5e d ge
ae chosen for the lecture) '

are dlstlnct
mostly bYPas
was the cour
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The key fdea behlnd the Madsen-Rothenberg proof fsthe constructi-on of an equivarl-ant Ko-theoretÍcorlentatlon for locarry irnear G-equÍvarr.ant n-pl"anebundles- of course, one wants to have the same sortsof formal propertles as onë has for sulllvanrs orlen-tatÍon ln the caãe where no group actfon is present,The constructlon of the equfvartänt orient.atlon is atechnlcarLy,nontrivla.L gerierarlzation, and the methodsshed valuabte ïey |ishr on rhe toporãir;;i p;;p;;iï;;of manffoi.ds wtth "nice,' group act,fonå.


