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Most results in this talk are joint work with Ching-Li Chai; the influence of his ideas will be clear in several
aspects. I received further inspiration from joint work with Tadao Oda, Ke-Zheng Li, Torsten Ekedahl, Eyal
Goren, Johan de Jong, Thomas Zink and Chai-Fu Yu.

1 Introduction

(1.1) Notation. We write A; — Spec(Z) for the moduli space of polarized abelian varieties.
We will discuss characteristic zero briefly, and then turn to abelian varieties and their moduli
spaces in positive characteristic.

(1.2) Suppose given a field K, a polarized abelian variety (A,\) over K. We define the
Hecke orbit of the moduli point = := [(A, A)] to be the set of points y = [(B, pt)] over some
field L such that there exist a field {2 containing K and L, an integer n € Z~( and an isogeny

p:Aqg — Bq such that ¢*(u) =n- A,
that is:

A and B are geometrically isogenous,
and the Q-classes of A and p are equal;

Notation:
[(B,p)] =y € H(x).

We write y € Hy(x) when ¢ is a prime number, and in the notation above, n and deg(y) are
powers of £.

| Question. What is the closure of H(x) and of He(z) 7 |

(1.3) If K =C, then:
H(z) is dense in A4(C),
in the sense of the “classical topology”, and (then, of course)
H(x) is dense in Ag,

in the sense of the Zariski topology; the same statements hold for H,(z) C A4(C) and He(x) C
Agy. The Hecke Orbit problem seems to be clear over C, leaving aside interesting arithmetic
questions in characteristic zero.



(1.4) Example. Consider K D F,, let ¢ = 1, and consider an elliptic curve E such that
E[p|(k) =0, i.e. the elliptic curve has no geometric points of order exactly p; such an elliptic
curve is called supersingular. Let x = [(E, \)], where A is the unique principal polarization on
E. Note that if ¢ : E — E’ is an isogeny, then also E’ is supersingular. Note that the set of
supersingular j-values is finite.

Conclusion: H(z) N A;1 @k is finite.
We see that H(x) is not Zariski-dense in Ay @ Fp,.

Note that if « = [(E, )], where E is an ordinary elliptic curve over K D [, then H(x) is
Zariski-dense in Ay 1 ® Fp,. This is not difficult to show. For arbitrary g:

Theorem (Chai) If [(A,\)] =2 € Ay ® F,, is the moduli point of an ordinary abelian variety
in positive characteristic, then Hy(x) is Zariski-dense in Ay ® .

See [1].

Try to predict what the Zariski closure is of H(x) for a moduli point v € Ay @ IF,.
The analogous question: what is the Zariski closure of He(z) C Ay @ F)?

As points in a Hecke orbit correspond with isogenous abelian varieties, it seems logical to look
for (isogeny-) invariants attached to an abelian variety invariant under an isogeny (or invariant
under an isogeny of degree prime to p).

From now on in this note, we fix a prime number p, all base fields considered are of charac-
teristic p, and all schemes are over Spec(IF,).

2 The Hecke orbit conjecture

(2.1)? The Hecke orbit conjecture; see [15].

For any point x := [(A, )] € Ay ® F, its Hecke orbit
H(z) is Zariski-dense in its Newton polygon stratum We(Ag @ Fp).

Notions used in this statement will be explained below.

3 Results
From now on we choose an algebraically closed field £ D F,. We write
.A — -Ag71 ® k

for the moduli space of principally polarized abelian varieties defined over fields containing k.

(3.1) p-adic invariants. To an abelian A over a field k = k D F,, we attach its p-divisible

group
A — X :=A]p™].



To a p-divisible group we can attach various “invariants”:

X [p™] up to ~ § | NP | We
X[p'] up to & ¢ | EO | S,
(X[p™],A) up to = | X | Fol | C(x)

We explain these notions and notations below.

(3.2) Newton polygon strata. For every symmetric Newton polygon & we define a closed
subset W¢ C A. From the definitions it follows that for x € W, we have:

Foliation. For every z = [(4,\)] € A, with N(A4) = £ we define a locally closed set C(x) C A,
in fact C(x) C Wgo is closed. From the definitions it follows that

Hy(z) C C(x).

(3.3) Theorem. (FO and Ching-Li Chai).
(1) For every &, a Newton polygon which is not supersingular, £ # o, the Newton polygon
stratum

We C A is irreducible.
(2) For every x = [(A,\)] € A such that A is not supersingular, x & W, the leaf

C(x) C A s irreducible.

[This is called the discrete form of the Hecke orbit conjecture.]

For this theorem see [2], [22], [23], [21].

Part (1) will be discussed in Section 7. Part (2) is included for completeness. Details in
Section 8 will not be discussed in my talk.

(3.4) Theorem. (Ching-Li Chai, FO, using a result by Chai-Fu Yu)
For every x = [(A, \)] € A which is not supersingular, and for every prime number £ different

from p
He(x) is densein C(z).

[This is called the continuous form of the Hecke orbit conjecture.]

An ingenuous proof, mainly by Ching-Li Chai (one of the arguments is a generalization of
Serre-Tate local coordinates) reduces (3.4) to an analogous discrete Hecke orbit conjecture for
Hilbert modular varieties. This problem for Hilbert modular varieties has now been solved by
Chai-Fu Yu (August 2003, not yet published). Further details will be published in [3].

In this talk I will explain these notions and I will show, see Section 9 that these theorems
imply the full Hecke orbit conjecture:

| (33) + (34) + [19] = (2.1) is true,

i.e.

‘ x € Wfo = H(z) isdensein Wg. ‘




4 Newton polygon strata

(4.1) NP: X[p*>] up to ~.
Dieudonné - Manin:

{X}/~ = {NP} X — N(X):

Qver an algebraically closed field the set of isogeny classes of p-divisible groups is the same as
the set of Newton polygons.

Newton polygons are partially ordered; we write v < 3 if no point of 7 is below 3:
y<pB <& ~is “above” (.

An abelian variety A is isogenous with its dual A'; using the duality theorem, see [11], 19.1
we conclude that X ~ X' hence N'(A) =: £ is symmetric: if the slope X appears in £ with
multiplicity ny, then 1 — X\ also appears with that multiplicity: ny =1 — ni_,.

For a symmetric Newton polygon & we write:

We(Ag @ Fp) = {[(A, )] [ N(A) < ¢},

WAy @ Fp) = {[(4,0)] | V(4) = ¢}
Grothendieck - Katz:

We(Ag @ Fp) C Ag @ F) is closed.
See [6]; hence
Wg(.Ag ®@F,) C Ay ®F, is locally closed.
These are called the Newton polygon strata. We write
We = We(Ag1 © Fp), Wgo = Wg(Ag,l ® Fp).

We write:

A=Ag@F, We=W(A), WP =W(A).

(4.2) Isogeny correspondences on A,(C), also called Hecke correspondences, are finite-to-
finite. However (for g > 2, and for isogeny degrees divisible by p), isogeny correspondences
on Ay ® F) blow up and down.

There is a nice and clean formula for the dimension of Wy C A = Ay ® F),. However
different components of We( Ay ® Fp,) can have different dimensions. These phenomena make
the study of Newton polygon strata so hard, and also very interesting.

5 EO - strata

This section is included for completeness sake, but the contents of this section will not be
discussed



(5.1) EO: X[p'] up to =.

In [16] we find: Let G be a “l1-truncated Barsotti-Tate group”. This means that there exists
a p-divisible group X such that X[p] = G. Denote its isomorphism class by ¢. For a fized
n € Zso, the set of isomorphism classes of finite group schemes over k of rank p™ is finite
(proved by Kraft, and rediscovered by FO). For an abelian scheme A — T we define

S«p(T) ={seT|3IN: A;plo = Gq} CT.

In [16] we find:
Sy i =8,(Ag®@F,) C Ay ®@F, is locally closed.

Also we find a discussion of the isomorphism class of (A4, \)[p] in case A is a principal polar-
ization, and we find a description of the strata S, (their dimensions, etc.).

Important point: Every S, is quasi-affine. This generalizes and was inspired by a result by
Raynaud, who proved this for (4, ® F,)°"¢ (published by Szpiro and by Moret-Bailly).

The EO-strata give a (finite) stratification of every component of A, ® F),.

EO is an abbreviation for T. Ekedahkl and F. Oort, describing our joint work, see [16].

The set of isomorphism classes of group schemes of given rank annihilated by p is finite;
this was discovered by H. Kraft, see [7], later rediscovered by FO. This fact shows that the
stratification by EO-strata is a finite stratification.

6 Foliations

(6.1) Fol: X[p™] up to =.
Choose z € Ay ® Fp; write © = [(A, )], over some field, say over k, and write (X,\) =
(A, A\)[p*°]. Define:

C(x) = Cixn(Ag @ k) = {[(B, w] | 32 (B, pa = (X, Na}-

In [19] we find:

Theorem. C(z) C Wg(Ag ®@F,) is a closed subset.

This uses [24]. An irreducible component of C(x) is called a central leaf.

Remark. For x supersingular, C(z) has “many” components (for p >> 0). For z not
supersingular we will see that C(x) is irreducible.

If z and y are two moduli-points in the same open Newton polygon stratum (with maybe
different degrees of polarization), then any component of C(z) has the same dimension as a
component of C(y). Isogeny correspondences (Hecke correspondences) are finite-to-finite on
central leaves. We could say: “abelian varieties in one central leaf behave as if they live in
characteristic zero”.

(6.2) Define Hecke-av,-orbits in the following way. We write oy, := G4[F] for the finite group
scheme which is the kernel of F' on the linear group G, in characteristic p.
Notation: the Hecke-a-orbit. If (A, \) is a polarized abelian variety, we write

(B, )] =y € Ha(z)
if there exists a field Q) and isogenies of polarized abelian varieties

(B“u,)Q — (Z, C) — (A, )\)Q



such that the kernels of these isogenies are successive extensions of cu,.

An irreducible component of a Hecke-a-orbit is called an isogeny leaf.

Instead of “isogeny leaf” the terminology of “Rapoport-Zink space” is used. Warning: in
general H,(x) C W¢ is not closed (it can have an infinite number of irreducible components);
however every irreducible component of H,(x) is proper over the base field (gives rise to a
complete variety).

(6.3) A product structure on an open Newton polygon stratum.

See [19], Theorem (5.3):

For every symmetric Newton polygon &, and every irreducible component W of We there exist
varieties T' and J and a finite surjective morphism

. TxJ—W

such that:
Vu e J(k), ®(T x{u}) isa central leaf in W,

every central leaf in W can be obtained in this way,
Vte T(k), ®{t} xJ) isan isogeny leaf in W,

and every isogeny leaf in W can be obtained in this way.

(6.4) Remark. For the supersingular locus £ = o, every irreducible component W C W,
is an isogeny leaf. For { # o we will show that W = W¢ is irreducible.

(6.5) Write dim(§) for the dimension of W C Ay ® Fp, and ¢(§) for the dimension of
a central leaf in W¢ and i(§) for the dimension of a isogeny leaf in W¢. Clearly dim(&) =
c(€) +i(€). There are formulas to compute these invariants; see [18], see [3]. Here are some
examples: take g = 3, write f for the p-rank; for dim(§) = ¢(§) +i(£) we obtain:

F=3, €=p=3(1,00+30,1), 6=6+0;

F=2 €=2(1,0)+(1,1)+2(0,1), 5=5+0:

F=1, £€=(1,0)+2(L,1)+(0,1), 4=3+1;

f=1 and £=(2,1)+(1,2), 3=2+1;

f=1 and{=0=3(1,1), 2=0+2.
The example g = 4 is presented in [19].

(6.6) Remark. For all polarization degrees, the dimension of all central leaves in a NP

stratum are equal; however the NP stratum in general has components of different dimensions,
and hence the dimension of isogeny leaves can vary inside one NP stratum.

(6.7) Note:

oo ~ | NP | N(A) is invariant under isogenies.
1 2 | EO | ¢ is invariant under isogenies of degree prime to p.
00 Fol | (A, \)[p*] invariant under isogenies of degree prime to p.

I




7 Irreducibility of NP strata

(7.1) Example; g =1 For g = 1, the case of elliptic curves, there are just two possible
Newton polygons:

- either p = (1,0) + (0, 1) the ordinary case,

- or 0 = (1,1) the supersingular case.

We know, even for arbitrary g, that W, = A; this moduli space is irreducible (Chai, Faltings).
What can be said about the number of components of the supersingular stratum W, C A?

For the case of elliptic curves in characteristic p this is classical. By Hasse, Deuring, Igusa we
know:

1 p—1
2 #Aw(E) 24

J(E) is ss

this implies that the number of supersingular j-invariants is asymptotically p/12 for p — oc.

(7.2) Example. Note that the supersingular locus has “many components” for fixed g and
large p; see [8], 4.9:

#(o(Ws)) = Hy(p,1) if g is odd,

#(Io(Wy)) = Hy(1,p) if g is even.
Note that for g fixed, and p — oo, indeed #(I1o(Wy)) — oo.

One might wonder what the number of irreducible components is for an arbitrary Newton
polygon stratum; it seems quite a job to compute the number of components of all New-
ton polygon strata. However, as it will turn out: any non-supersingular NP stratum W is
irreducible, see (7.6) below.

(7.3) Theorem. For every g, for every prime number { # p, for every N as above, and
for every symmetric Newton polygon &, the action of Hy on the set of irreducible components
Io(Whe) of the Newton polygon stratum Wy e C B = Ag1 N ® k is transitive.

See [23].

(7.4) Let Z C B be a locally closed subset. Let Z' be an irreducible component of Z. Let
n € Z' be the generic point. Let A — Z be the universal abelian scheme restricted to Z. Let

PAL - Wl(Zlaﬁ) - Sp(Téa <, >€)

be the /-adic monodromy representation in the Tate-f-group of A,,. Identify the Tate-¢-group
of A, over 7 with Z?g with the standard pairing.

(7.5) Theorem (C.-L. Chai). Choose notation as above. Let Z C B be a locally closed
subscheme, smooth over Spec(k), such that:
Z is Hecke-f-stable, and
the Hecke-L-action on the set Ilo(Z) is transitive, and
Z ¢ Wn,  (equivalently: Z contains a non-supersingular point).
Then:
pae: m(Z',7) — Sp(Ty, <,>¢) = Spay(Ze)

1§ surjective, and



7 is irreducible, i.e. Z = 7'.
See [2], 4.4.

(7.6) Corollary. For every § Z o the locus Wy ¢ C B is irreducible; i.e.
§#0 = #I(Wne)) =1.
This was conjectured in [15]. This answers [26], 3.8. This implies Theorem (3.3), (1).

(7.7) A sketch of a proof of (7.6) and hence of (3.3).
In the proof of this result we work over k = k. We study NP-strata WeC A= Ay1 ®k.

e FEvery EO-strata is quasi-affine. This a variant of a theorem by Raynaud; see [16].

Finiteness of Hecke orbits (Chai):
Proposition. A Hecke-C orbit Hy(x) is finite for x = [(Ag, \)] iff Ay is supersingular.
See [1], Prop. 1 on page 448.

o For every symmetric Newton polygon & the (closed) locus W contains a supersingular
point. This follows using the previous two results.

Purity. See [5], 4.1: If the Newton polygon jumps in a family of p-divisible groups, it
already jumps in codimension one.

Claim. (a) For every symmetric Newton polygon & and every component, W & Ilo(W¢)
there is a component T € Tly(W,) such that T C W.
(b) For every ¢ <&,

every component of We is contained in a unique component of We and
every component of We contains at least one of We;
by inclusion of components we obtain a well-defined map

i TMo(Wie) = To(Wae), W —i(W)=W it W cCW,

which moreover is surjective.

(¢) This map i is Hecke-¢ equivariant.

This follows using the fact that W, meets W, using [17] and using Purity, and using
my proof of a conjecture by Grothendieck, see [18].

e The action of H; on Io(Wy ) is transitive.
This uses a precise description of the set IIo(Wy ) (here N indicates a level-structure),
given in [10], 2.2 and 3.1 and [8], 3.6 and 4.2, and using the strong approximation
theorem, see [25], Theorem 7.12 on page 427.

e Conclusion. This proves (7.3). By (7.5) this proves (7.6); hence (3.3), (1), follows.

e Details will appear in [23]

(7.8) Irreducibility of EO-strata. T. Ekedahl and G. van der Geer have proved (unpub-
lished) a result proving the irreducibility of certain EO-strata. A description (FO) precisely
which EO-strata are contained in the supersingular locus then results in:

Let ¢ be such that S, & Wy in Ag1 @ Fp,. Then S, is geometrically irreducible.

This was conjectured in [16].
However, one can expect that for any ¢ such that S, C W, we have IIy(S,) > 1 for g fixed
and p > 0. It seems that this has been proved now by S. Harashita.



8 Irreducibility of leaves

(8.1) Definition (C.-L. Chai) An abelian variety A is called hypersymmetric if it is defined
over a finite field, hence A is defined over m = F,, and

End(4,) ®2Z, — End(4,[p™))

s an isomorphism.

Note that being hypersymmetric is invariant under an isogeny; we could have formulated the
definition by saying that the isogeny class is defined over a finite field, and then proceed as
before.

(8.2) Irreducibility of leaves. Let [(A,\, )] = = € B be the moduli point of a non-
supersingular principally polarized abelian variety A with level structure; C.—L. Chai proves
Theorem (3.3), (2):

if © § Wy then C(z) is geometrically irreducible.
In the proof of this result (work over k):

e it is shown that for any symmetric NP there exists a hypersymmetric abelian variety;
fix a principally polarized hypersymmetric (B, ) with N'(B) = &;

e irreducibility of a NP-stratum is used, see (7.6), see (3.3), (1);

e use the foliation structure by isogeny leaves and by central leaves, see [19], see (6.3), and
conclude that for any C; € IIp(C(x)), and an isogeny leaf I passing through (B, u) we
have C; NI # 0; choose [(B;, i) € CiNI;

e use weak approximation in order to conclude that for every ¢ and j we have that (B;, ;)
is in the prime-to-p Hecke orbit of (Bj, it5);

e use a variant of (7.5) in order to conclude that C(z) is irreducible. O

details will appear in [3].

9 The Hecke Orbit Conjecture via the product structure

Assume (3.3) and (3.4); we show (2.1). Note that x € W, We have H(z) = W,. Let
x = [(A,\)] € A such that A is not supersingular. We know by the continuous Hecke orbit
conjecture, see (3.4), that for any prime number ¢ the Hecke-f-orbit Hy(z) is dense in C(x),
which is irreducible by (3.3). Use (3.3) and conclude W = W is irreducible. Use (6.3); let
H' C T be the inverse image under ® : T' x {u} — C(x) of Hy(x) C C(x). We see on the one
hand that

H' xJ isdensein T x J.

On the other hand
O(H' x J) C H(z).

Hence
H(xz) is dense We.

This proves:

(3.3) and (3.4) = the Hecke orbit conjecture holds.



10 Some topics and questions not treated in my talk.

(10.1) Letz=[(A,N)] € Wg and let ¢ = ES(A[p]). Then C(z) C Wgo and C(z) C S,. we
have not discussed:

When is C(z) = Wg? Iff f(A)>g—1.

When is C(x) C S,? See [20].

For which ¢ and £ is Wgo NS, # 07

(10.2) Letx=[(AN)] € I/Vg0 and let ¢ < . What is the “boundary” C(x)N Wg ?
There are examples of this situation where y € WCO and y ¢ C(z) for every x = [(4,)\)] €
Wgo. But there is a “guess” what the boundary of C(x) in Wg could be.

(10.3) See [16], 14.3. On the set of isomorphism classes of (A, \)[p] there are two partial
orderings “<” and “C”. It seems unknown how to give an (easy, combinatorial) algorithm
which decides for ¢ and ¢’ whether ¢’ C .

(10.4) We did not discuss structures needed for proving Conjecture (3.4), and details of
that proof.

(10.5) We did not discuss the story of beautiful stratifications on Hilbert modular varieties
(Rapoport, Deligne & Pappas, Bachmat & Goren, Goren & Oort, Andreatta & Goren, Yu,
Harashita), and on other modular Shimura varieties (Moonen, Wedhorn).

11 Appendix: Some notations and abbreviations we are using.

k =k O F,, an algebraically closed field.
m—F,

NP = Newton polygon

EO = Ekedahl-Oort

Fol = Foliation(s)

HO = Hecke orbit

oo~  A[p>] up to isogeny
1= Alp] up to isomorphism
o0 = A[p*™] up to isomorphism

A, B, .... abelian varieties

X,Y, .... p-divisible groups

A=A 10k B=A1n®Ek

here N € Z~g, not divisible by p, usually N > 3
We = We(A),  Wen = We(B)

N (X) = the Newton polygon of X
N(A) = the Newton polygon of A[p™]

10



ss = supersingular, i.e.
E, an elliptic curve in characteristic p, is supersingular if E[p|(k) = 0,
an abelian variety A is supersingular if Ak is isogenous with EY,
where FE is a supersingular elliptic curve

Fact: A is ss iff all slopes in N/(A4) are equal to 3;

this NP is denoted by o, the ss NP

Let W be a scheme algebraic over a field K. We write IIo(W) for the set of irreducible
components of W, where k is an algebraic closure of K.

We write £ for a prime number not dividing p-N

References

[1] C.-L. Chai — Every ordinary symplectic isogeny class in positive characteristic is dense in
the moduli. Invent. Math. 121 (1995), 439 - 479.

[2] C.-L. Chai — Monodromy of Hecke-invariant subvarieties. Manuscript 22 - XI - 2002; 7 pp.
[3] C.-L. Chai & F. Oort — Hecke orbits. [In preparation]

[4] A. Grothendieck - Groupes de Barsotti-Tate et cristaux de Dieudonné. Sém. Math. Sup.
Univ. Montréal. Presses Univ. Montréal, 1974.

[5] A.J.de Jong & F. Oort — Purity of the stratification by Newton polygons. J. Amer. Math.
Soc. 13 (2000), 209-241. See: http://www.ams.org/jams/2000-13-01/

[6] N. M. Katz — Slope filtration of F—crystals. Journ. Géom. Alg. Rennes, Vol. I, Astérisque
63 (1979), Soc. Math. France, 113 - 164.

[7] H.-P. Kraft — Kommutative algebraische p-Gruppen (mit Anwendungen auf p-divisible
Gruppen und abelsche Varietiten). Sonderforsch. Bereich Bonn, September 1975. Ms. 86

pp.

[8] K.-Z. Li & F. Oort — Moduli of supersingular abelian varieties. Lecture Notes Math. 1680,
Springer - Verlag 1998.

[9] Yu.I. Manin — The theory of commutative formal groups over fields of finite characteristic.
Usp. Math. 18 (1963), 3-90; Russ. Math. Surveys 18 (1963), 1-80.

[10] T. Oda & F. Oort — Supersingular abelian varieties. Itl. Sympos. Algebr. Geom. Kyoto
1977 (Ed. M. Nagata). Kinokuniya Book-store 1987, pp. 3 - 86.

[11] F. Oort — Commutative group schemes. Lect. Notes Math. 15, Springer - Verlag 1966.
[12] F. Oort — Subvarieties of moduli spaces. Invent. Math. 24 (1974), 95 - 119.

[13] F. Oort — Which abelian surfaces are products of elliptic curves? Math. Ann. 214 (1975),
35 - 47.

[14] F. Oort — Moduli of abelian varieties and Newton polygons. Compt. Rend. Acad. Sc. Paris
312 Sér. I (1991), 385 - 389.

[15] F. Oort — Some questions in algebraic geometry, preliminary version. Manuscript, June
1995. http://www.math.uu.nl/people/oort/

11



[16] F. Oort — A stratification of a moduli space of polarized abelian varieties. In: Moduli of
abelian varieties. (Ed. C. Faber, G. van der Geer, F. Oort). Progress Math. 195, Birkhduser
Verlag 2001; pp. 345 - 416.

[17] F. Oort — Newton polygons and formal groups: conjectures by Manin and Grothendieck.
Ann. Math. 152 (2000), 183 - 206.

[18] F. Oort — Newton polygon strata in the moduli space of abelian varieties. In: Moduli of
abelian varieties. (Ed. C. Faber, G. van der Geer, F. Oort). Progress Math. 195, Birkh&user
Verlag 2001; pp. 417 - 440.

[19] F. Oort — Foliations in moduli spaces of abelian varieties. J. Amer. Math. Soc. 17 (2004),
267-296.
See: http://www.math.uu.nl/people/oort/

[20] F. Oort — Minimal p-divisible groups. [To appear in Ann. Math.]
See: http://www.math.uu.nl/people/oort/

[21] F. Oort — Monodromy, Hecke orbits and Newton polygon strata Manuscript. Seminar
Algebraic Geometry, Bonn, 24 - II - 2003; 9 pp.
See: http://www.math.uu.nl/people/oort/

[22] F. Oort — Hecke orbits and stratifications in moduli spaces of abelian varieties. Manuscript,
talk in Orsay 14 - X - 2003.
See: http://www.math.uu.nl/people/oort/

[23] F. Oort— Irreducibility of Newton polygon strata. [In preparation]

[24] F. Oort & Th. Zink — Families of p-divisible groups with constant Newton polygon. Doc-
umenta Mathematica 7 (2002), 183 — 201.

[25] V. Platonov & A. Rapinchuk — Algebraic groups and number theory. Academic Press
1994.

[26] M. Rapoport — On the Newton stratification. Sém. Bourbaki 54 2001-2002, n® 903, March
2003.

[27] Th. Zink — On the slope filtration. Duke Math. J. Vol. 109 (2001), 79-95.

Frans Oort
Mathematisch Instituut
P.O. Box. 80.010

NL - 3508 TA Utrecht
The Netherlands

email: oort@math.uu.nl

12




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


