MATHEMATISCHE ARBEITSTAGUNG 1982

UNIVERSITAT BONN

Sonderforschungsbereich 40
Theoretische Mathematik
BeringstraBe 4
D-5300Bonn |



INHALT

Teilnehmerliste
Programme der Mathematischen Arbeitstagung 1982
Kurzfassungen der Vortridge:
M.F. Atiyah: The Yang-Mills equations and the structure
of 4-manifolds
D. Quillen: Determinants of 3 -operators
J. Coates: Heights on elliptic curves
D. Vogan: Representations with cohomology
R.S. Palais: Hamilton” s work on positively curved 3-manifolds

R. Hartshorne: Space curves

M. Berger: Gromov's filling of Riemannian manifolds

J. Bernstein: Beilison-Bermstein construction

S$.T. Yau: Manifolds with positive scalar curvature
S. Mori: Rational curves in 3-folds and applications
G. Harder: Tate conjecture for Hilbert modular surfaces

L. Siebenmann: M. Freedmans work on 4-dimensional manifolds

S.J. Patterson: Limit sets of Kleinian groups

D. Epstein: On Chapter I of Thurston

§.5. Chern: Web geometry

B. Mazur: Zh-extensions and heights

F. Adams: Carlsson’s proof of Segal”s Burnside ring_conjecture

D.V. Anosov: Poincare” s approach to problem of closed geodesics
(Sondervortrag)

V.P. Platonov: New local-global principles for algebraic groups

(Sondervortrag)



TEILNEHMER

U. Abresch (Bonn)

J.F. Adams (Cambridge)
S.I. Andersson (Clausthal)
D.V. Anosov {(Steklov Institut)
M. Artin (M.I.T.)

M.F. Atiyah (Oxford)

A. Back (Cornell)

W. Ballmann (Bonn)

T. Banchoff (Brown)

C. Banica (Increst, Bukarest)
G. Barthel (z.Zt. Bonn)
H.J. Baues (Bonn)

Becker (Dortmund)

. Behnke (Hamburg)

. Berard Bergery (Nancy)
Berger (Paris VII)
Berndt (Hamburg)
Bernstein (Maryland)

F R. Beyl (Heidelberg)

S. Bdécherer (Freiburg)

W. Bohmer (Kaiserslautern)

L‘W:Zl"?‘!l’l

J.P. Bourguignon (Ec. Poly. Paris)

G. Brattstrdm (Paris—Sud)
E. Brieskorn (Bonn)

M. Brin (Maryland)

H.~B. Brinkmann (Konstanz)
J. Briining (Duisburg)
R.-0. Buchweitz (Brandeis)
D. Burghelea (Ohio State)
R. Carlsson (Hamburg)
Z.~h. Chen (Academia Sinica)
S.S. Chern (Berkeley)
Coates (Paris=Sud)
Contessa (Rom)
Derdzinski (z.Zt. Bonn)
Diederich (Wuppertal)
Dobberti (Brandeis)
Donaldson {(Oxford)
Dubson (z.Zt. Bonn)
Ebeling (Bonn)

Eckmann (ETH)

Fhlers (Bormn)

Elstredt (Miinster)
Endler (Bonn)

Engel (Rostock)

Epstein (Warwick)

Frle (Dortmund)

Flenner (Gbdttingen)

. Frye (Frankfurt)

G. van der Geer (Amsterdam)
B. Gordon (Maryland)

H. Grauert (G&ttingen)
G.M. Greuel (Kaiserslautern)
D. Gromoll (Stony Brook)

IEUUZOL."HUUS?>EDP?¢>_Z:—‘

M, Griiter (Diisseldorf)

F. Grunewald (Bonn)

C.-h. Gu (Fudan, Shanghai)
A. Haefliger (Genf)

M. Hamburg (Bonn)

J.-1i. Hano (z.Zt, Bonn)

G. Harder (Bonn)

S. Harris (z.Zt. Bonn)

R. Hartshorne (Berkeley)
K.-i. Hashimoto (z.Zt. Bonn)
V. Hauschild (Konstanz)

F. Hegenbarth (Dortmund)
R. Herb (Maryland)

C.F. Hermann (Mannheim)

M. Herrmann (K&ln)

St. Hildebrandt (Bonn)

U. Hirsch (Bielefeld)

F. Hirzebruch (Bonn)

D. Hoffman (Amherst)

H.-s. Hu (Fudan, Shanghai)
J. Huebschmann (Heidelberg)
D. Husemoller (z.Zt. Bonn)
T. Ibukiyama (z.Zt. Bonn)
.—C. Im Hof (IHES)

.D.S. Jones (Warwick)

.W. Jordan (Gdttingen)

. Karcher (Bonmm)

Karras (Dortmund)
Karrer (Ziirich)

.—1. Kato (Tokyo)
Kervaire (Genf)

F. Kirwan (Oxford)

R. Kleine (Duisburg)

N. Klingen (z.Zt., Bonn)

W. Klingenberg (Bonn)

K. Knapp (Wuppertal)

W. Kohnen (Bonn)

F.J. Koll (Bonn)

. Kiihnel (TU Berlin)
Kuiper (IHES)

Lamotke (K&ln)

Lang (Yale)

Laska (z.Zt. Bonn)
Lee (Yale)
Lemaire (Briissel)

Lieb (Bonn)
Looijenga (Nijmegen)
Lorenz (z.Zt. Bonmn)
Madsen (Aarhus)

K H. Mayer (Dortmund)
B. Mazur (Harvard)

W. Meyer (Bonn)

W.T. Meyer (Miinster)
Min-0o (Bonn)

M. Mizukami (Mannheim)

RO wmygT

H:er:H!.-‘xzm?:zz



B. Moonen (K&lin)

S. Mori (z.Zt. Bonn)

B. Moroz (Jerusalem)

S. Mukai (z.Zt. Bonn)

P.T. Nagy (Szeged)

W. Nahm (Bonmn)

I. Naruki (z.Zt. Bonn)

H.-J. Nastold (Miinster)

W.D. Neumann (Maryland)

T.B. Ng (Singapur)

. Nomizu (z.Zt. Bonn)

. Nowack (Dortmund)
O'Halloran (z.Zt. Bonn)

. Olafmann (G&ttingen)

. Olivier (Bonn)

. Orbanz (K6ln)

. Palais (z.Zt. Bonn)

S.J. Patterson (Gdttingen)

U. Persson (Inst. Mittag-Leffler)
K. Peters (Birkhduser-Verlag)
A. Pereira do Valle (z.Zt. Bonn)
I. Piatetski-Shapiro (Tel Aviv & Yale)
R. Piene (Oslo)

V.P. Platonov (Minsk)

J. Pradines (Toulouse)

D. Quillen (z.Zt. Bonn)

H. Reckziepel (Kdln)

E. Rees (Edinburgh)

M. Reid (Warwick)

R. Remmert (Miinster)

A. Robert (Neuchiatel)

J. Rodrigues (Lissabon)

J. Roe (Oxford)

J. Rohlfs (Eichsti#dt)

G. Roland (Bonn)

E. Ruh (Bonn)

J.H. Sampson (Johns Hopkins)
J. Schafer (Maryland)

A. Schaffers (K&ln)

R. Scharlau (Bielefeld)

W e Qo 3R

U. Schmickler-Hirzebruch (Vieweg-Verlag)

W. Schmid (Harvard)

C.-G. Schmidt (Saarbriicken)

R. Schoof (Leiden)

S. Schulze (Bonn)

P. Schweitzer (PUC Rio de Janeiro)
J. Schwermer (Bonn)

R. Sczech (Bonn)

C.-L. Shen (z.Zt. Bonn)

L.M. Sibner (Polytech. Inst. New York)
R. Sibner (CUNY)

D. Siersma (Utrecht)

N.~P. Skoruppa (Bonn)

R. Spatzier (Maryland)

B. Speh (Cormnell)

B. Steer (Oxford)

F. Steiner (Bonn)

G. Stevens (Rutgers)
C.T. Stretch (z.Zt. Bonn)
J. Strooker (Utrecht)
Sturm (Johns Hopkins)
-L. Terng (z.Zt. Bonn)
Thimm (Bonn)

Thomas (Cambridge)
. Thorbergsson (Bonn)
Timmerscheidt (Essen)
. Tondeur (Urbana)
. Trautmann (Kaiserslautern)
. Tromba (Santa Cruz)
. Tsuboi (Genf)
. Van de Ven (Leiden)
Verona (Bonn)
Vilms (Colorado)
Vogan (M.I.T.)
Vogel (Halle)
Vogt (Diisseldorf)
vorst (Rotterdam)
.T.C. Wall (Liverpool)
S.H. Weintraub (Oxford)
A. Wiles (Princeton)
K. Wirthmiller (Regensburg)
J.C. Wood (Leeds)

S. Xambo Descamps (Barcelona)
S.T. Yau (IAS)
D. Zagier (Bonn & Maryland)
Y.-K. Zhao (z.Zt. Bonn)
W. Ziller (Pennsylvania)
S. Zucker (Indiana)

OHOEgWrErPrpAEOUDROOP O



G g Gmm G
- e Gmm Smm

Mathematisches Institut
der Universitdt Bonn

Programm der Mathematischen Arbeitstaqung 1982 (I)

Dienstag, den 15.6.:

17.00 - 18.00 Uhr: M.F. Atiyah: The Yang-Mills equations and the
structure of 4-manifolds

Mittwoch, den 16.6.:
10.30 - 11.30 Uhr: D. Quillen: Determinants of 9-operators

15.00 - 16.00 Uhr: J. Coates: Heights on elliptic curves

17.00 - 18.00 Uhr: D. Vogan: Representations with cohomology

Donnerstaqg, den 17.6,:

9.45% - 10.00 Uhr: Festlegung der ndchsten Vortrdge

10.00 - 11.00 Uhr: R.S. Palais: Hamilton's work on positively
curved 3-manifolds

12.00 - 13.00 Uhr: R. Hartshorne: Space curves

17.00 - 18.00 Uhr: M. Berger: Gromov's filling of Riemannian
manifolds

Die Vortrige finden alle im "GroBen H&rsaal" (Wegelerstr. 10) statt.

Erfrischungspausen mit Tee: Mittwoch Nachmittag von 16.15 -~ 17.00
Uhr vor dem GroBen HOrsaal; Donnerstag Vormittag wvon 11.15-12.00

Uhr vor dem GroSen H8rsaal; Donnerstag Nachmittag ab 15.30 Uhr im
Diskussionsraum Beringstrafe 1.

Die Post liegt widhrend der Teepausen aus. Alle Teilnehmer mdgen
sich bitte in die Teilnehmerlisten eintragen. Teilnehmerlisten und
andere Informationen liegen vor dem Diskussionsraum Beringstr. 1

aus. Den Taqungsbeitrag bitte an Frau Gerber (SFB-Biro, Bering-
str. 4) bezahlen.

Alle Tagungsteilnehmer mit ihren Damen oder Herren sind herzlich zum
Empfang des Rektors eingeladen. Zeit: Mittwoch, den 16.6., 20.00 Uhr.
Ort: Festsaal der Universitit, Hauptgebdude; Eingang von der StraBe
“Am Hof" durch das Tor geqeniber Buchhandlung Rhrscheid.




Mathematisches Institit
der Universitdt Bonn

Programm der Mathematischen Arbeitstaqung 1982 (II}

Freitaq, den 18.6.:
10.00 - 11.00 Uhr: J. Bernstein: Beilison-Bernstein constxuction

12.45 - ca. 21,00 Uhr: BAusflug nach Leutesdorf. Abfahrt
plinktlich um 12.45 Uhr mit Motorschiff
"Carmen Silva® am Alten Zoll.

Samastag, den 19.6.:
9.45 - 10.00 Uhr:s Festlegung der restlichen Vortrige

10.00 = 11.00 Uhr: S.T. Yau: Manifolds with positive scalar
curvature

12.00 - 13.00 Uhr: S§. Mori: Ratlonal curves in 3-folds and
applications

17.00 - 18.00 Uhr: G. Harder: Tate conjecture for Hilbert
modular surfaces

Sonntag, den 20.6.:

10.00 - 11.00 Uhr: L. Siebenmann: M. Freeaman's work bn
4~dimensional manifolds

Sondervortriige am Donnerstag, den 17.6.: um 15.00 Uhr spricht
D.V. Bnosov Uber "Poincaré's approach to problem of closed geo-
desics”; um 16.00 Uhr spricht V.P. Platonov llber "New local-
global principles for algebraic groups®.

Die Vortrge finden alle im “GroSen Hirsaal® (Wegelerstr.l0) statt.

Brfrischungspausen nit Tee: Samstag and Sonntag vormittags von
S15=12.00 Uhr vor dem Grofien H8rsaal, Samstag Nachmittag ab
15.30 Uhr im Diskussionsraum Beringstrase 1.

Die Post liegt wihrend der Teepausen aus. Tischtennis im Keller
des Hauses Beringstrafe 4. Dep Tagqun gsbheitrag bitte an Frau
Gerber (SFB-Bliro, BeringstraBe 4) gez%ﬁfen. 2lle Tellnehmer
n8gen sich bitte in die Teilnehmerlisten eintragen. Tellnehner-~
listen und andere Informationen liegen vor dem Diskussionsraunm
Beringstrage 1 aus.




Mathematisches Institut
der Univergitdt Bonn

Programm der Mathematischen Arbeitstaqung 1982 (III)

Sonntag, den 20.6.:

12.00 - 13.00 Uhrs S.J. Patterson: Limit sets of Kleinian groups
17.00 - 18.00 Uhr: D. Epstein: On Chapter I of Thurston

Montag, den 21.6.: _
10.00 - 11.00 Uhr: S.S. Chern: Web geometry

11.00 -~ 12.00 Uhr: B. Mazur: zp-extensions and heights

17.00 - 18.00 Uhr: F. Adams: Carlsson's prove of Segal's
Burnside ring conjecture

Die Referenten werden gebeten, ihre Kurzfassungen bis

Sonntag Mitta
beli Herrn Kohnen abzugeben, da wir den Tagungsbericht allen Teil-
nehmern noch vor ihrer Abreise aushindigen mdchten.

Die Vortrige finden alle im "GroSen Rbrsaal"” (WegelerstragSe 10)
statt.

Erfrischungspausen mit Tee: Sonntag Nachmittag ab 15.30 Uhr im
Diskussionsraum Beringstrafe 1. Montag Vormittag von 11.15-12.00 Uhr
vor dem Grofen HBrsaal. Montag Nachmittag lst der Tee im Max-Planck-
Institut, Gottfried-Claren-StraBe 26, bereits ab 15.00 Uhr. (To

reach the Max~Planck-Institut, you can take e.g. tram No. 2 from
Rheinuferbahnhof-~near main railway station--which goes every 10
minutes; leave at Konrad-Adenauer-Platz; the Gottfried-Claren-StraBe
starts opposite the tram stop.)

Die Post liegt wihrend der Teepausen aus. Tischtennis im Keller
des Hauses Reringstrafie 4. Den Taqungsbeitraq bitte an Frau Gerber
(SFB~Bliro, BeringstraBe 4) bezahlen. Programme und Informationen
liegen vor dem Diskussionsraum, BeringstraBe 1, aus.
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Space Curves

Robin Hartshorne

We consider the problem of classification of
algebraic curves in projective three-space. Two
fundamental papers are those of Halphen (1) and
Noether (5) in 1882. The main problems are to find
for which dégree d and genus g there exist
irreducible nonsingular curves, and then to describe
the irreducible components and dimensions of the Hilb-
ert scheme Hd ,g which parametrizes them.

The techniques used by Halphen and Noether
include a) description of curves on surfaces of degree
1, 2, 3; b) embeddings of abstract curves, when
d 2 g+ 3 ; c) construction of new curves by the resi-
dual intersection of two surfaces containing a given
curve.

To these techniques have been added in the last
fifteen years the techniques of stable vector bundles
and reflexive sheaves (see for example (2, §5)).

When d 1is large with respect to g or vice
versa, one obtains good results. But there is a middle
range where things get complicated,

As an example, consider curves of degree 13
and genus 18. Here there is one component of the
Hilbert scheme corresponding to curves on a quadric
surface, another, non-reduced at its generic point,
consisting of curves on singular cubic surfaces
(see (4, App. B)), and a third whose general curve is
not contained even in any quartic surface.

An important recent result is the theorem of
Gruson and Peskine (4) which says that for any dvyo
and any 0 £g < (1/6)d(d - 3) + 1, there exists
an irreducible nonsingular curve of degree d and

genus g in E3 « This result, stated but incorrectly H
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proved by Halphen, completes the determination of
the pairs (d,g) which can occur as the degree and genus
of a curve in !3 . (see (2,82)).

Full details of the proof of the theorem of Gruson
and Peskine occur in (3) as well as in their .own paper (4).
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Titel: Zp-extensions and heights of elliptic curves
Autor: B. Mazur
Adresse: Harvard University, 1 Oxford St., Camb. Mass.

Let E be an elliptic curve over a number field K. The
theorem of Mordell-Weil asserts that E(K), the group of
K-~rational points of E, is a finitely generated abelian group.

What 1is the behavior of the rank of E(K) as K varies?
The object of this talk is to indicate how some new tools,
notably the p-adic height, may lead one to recast this
question in more specific terms, and perhaps provide a key
to help us understand it.

Let § denote a Zp—extension of K. That is, f is
a sequence of field extensions K & Kn c::Kn << ...

+1
such that Kn/K is cyclic of degree pn.

Say thatuf is nonsingular for E if the rank of E(Kn)
is bounded, independent of n. It is singular jif the rank of
E(Kn) tends to infinity with n.

Suppose that E has good, ordinary reduction at all
primes of K dividing p. Then, modulo the Shafarevitch-Tate
conjecture, one can show that in singular Zp*extensions,
the rank of E(Kn) arows systematically, and significantly,-
in the sense that there exists apositive integer M such that

rank E(K_ ) = M.pT  +0(1) .

There are singular Zp-extensions. Indeed, if L/K
is the anti-cyclotomic Zp~extension of the quadratic imag- ’
inary field K, then Kurchanov has shown that for any CM

elliptic curve E of conductor prime to p, and ordinary at p,

there is a finite field exten gjgon K'/K such that E is defined
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over K', and LK'/K' 1is sinqular for E.
If E/K is a CM elliptic curve with complex multiplicatdn
by the quadratic imaginary field K, suppose that p splits

in the ring of integers of K (p -:yc’fi,) and that JD)Eare

endomorphisms of E. Define the characteristic Zp—extensions
of E to be the fields L'io ’ L’R, generated over K by the
coordinates of the J -power, and T -power division points

of E, respectively.

Theorem 1 : (Coates, Perrin-Riou, Rubhin--Wiles)

Under the hypotheses above, the two characteristic 72_-ext-
ensions of L are nonsingular. Thecyclotomlc 2 -extension
is also nonsincular. There are at most a filnite number of

Zp—-extensions of K which are singular for E.

One should remark that the finiteness assertion in
Theorem 1 is ineffective. To locate the singular Z_-extensions
for E, we consider the p-adic height pairing. Specifically,

there is a canonical, computable, pairing

4 mm s

: E(K) X BE(K) —>» O

J )
f p

(x , y) r—> (x,y}°

(o

forﬁ" :Gal (K /K) —> 0 any continuous homomorphism,
p

which is trilinear in x,y, and j , and sy.mmetric in x andy.
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One can show

Theorem 2: If the Shafarevitch-Tate conjecture holds,

then (under the above hypotheses on E/K):

If the f—height pairing (,}p is nondegemerate,

the Zp-extension of K cut out byf is nonsingular.

Note that the determinant of thfﬁP-height pairing
as function of .)@ yields a homogeneous form of degree
r on the space of zp-extensions of K , where_ r is the rank
of E({K) .. It’would then follow (modulo the Shafarevitch-
Tate conjecture) that the singular ZP-extensions are fewer
than r, and could be calculated-- provided that the form
is not identically zero. It would be very interesting
to get some detailed numerical calculations.

The remainder of the talk was devoted to a discussion
of the p-adic height. Many people have contributed to the
ftheoxyi :..Coates, Bernardi, Perrin-Riou, Schneider,Neron.

The talk concluded with a brief description of an

algorithmic construction obtained jointly with Tate.
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