REVISTA DE MATEMATICA: TEORfA Y APLICACIONES 2010 17(1) : 1-12
CIMPA — UCR ISSN: 1409-2433

ALGEBRAIC JET SPACES AND ZILBER’S
DICHOTOMY IN DCFA

ESPACIOS DE JETS ALGEBRAICOS Y LA
DICOTOMIA DE ZILBER EN DCFA

RoNALD F. BUSTAMANTE MEDINA®

Received: 15 Apr 2009; Revised: 16 Oct 2009; Accepted: 21 Oct
2009

Keywords: Model Theory of Fields, Supersimple Theories, Difference-
Differential Fields, Definable Sets.

Palabras clave: Teoria de modelos, teorias supersimples, campos dife-
renciales de diferencia, conjuntos definibles.

Mathematics Subject Classification: 11U09, 12H05, 12H10

*CIMPA, Escuela de Matematica, Universidad de Costa Rica, 2060 San José, Costa
Rica. E-Mail: ronald.bustamte@emate.ucr.ac.cr



2 R, BUSAMANTE Rev.Mate. Teor. Aplic. (2010) 17(1)

Abstract

This is the first of two papers devoted to the proof of Zilber’s
dichotomy for the case of difference-differential fields of characteristic
zero. In this paper we use the techniques exposed in [9] to prove
a weaker version of the dichotomy, more precisely, we prove the
following: in DCFA the canonical base of a finite-dimensional type
is internal to the fixed field of the field of constants. This will imply
a weak version of Zilber’s dichotomy: a finite-dimensional type of
SU-rank 1 is either 1-based or non-orthogonal to the fixed field of
the field of constants.

Resumen

El presente es el primero de dos articulos dedicados a la de-
mostracién de la dicotomia de Zilber para el caso de los campos
difernciales de diferencia de caracteristica cero. En éste articulo uti-
lizamos las técnicas desarrolladas en [9] para demostrar una versién
débil de la dicotomia: un tipo de dimensién finita y de rango SU
igual a 1 es modular o no ortogonal al campo fijo del campo de
constantes.

1 Introduction and preliminaries

The theory of differentially closed fields (DCF) is the model companion of
the theory of differential fields. Among the properties of DCF we find that
it is w-stable, it eliminates quantifiers and imaginaries. An axiomatization
for DCF is the following.

Definition 1.1 Let (K, D) be a differential field. K is differentially closed
if and only if K is an algebraically closed field and for every irreducible
algebraic variety V, if W is an irreducible algebraic subvariety of m1(V)
such that the projection of W onto V is dominant, then there is a € V(K)
such that (a, Da) € W.

This axiomatization is not the original and most known, but this version,
due to Pierce and Pillay ([7]), has a more geometric spirit which will be
useful in this paper.

A consequence of w-stability is Zilber’s dichotomy for DCF: A type of
U-rank 1 is either one-based or nonorthogonal to the field of constants.
Proofs and details about DCF can be found in [6] and [5].

The theory of difference-differential fields of characteristic zero also has
a model-companion, (ACFA). It is supersimple, quantifier-free w-stable
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and it eliminates imaginaries. It does not eliminate quantifiers and it is
not a complete theory, but its completions are easily described. Since
ACFA is supersimple, its complete types are ranked by the SU-rank. As
DCF, ACFA satisfies Zilber’s dichotomy: a type of SU-rank 1 is either
1-based or non-orthogonal to the fixed field. See [3] for proofs of these
facts.

The original proofs of these two dichotomies have a heavy use of sta-
bility (or simplicity), but recently Pillay and Zigler found more geometric
proofs using algebraic jet spaces. One important fact which is key to both
proofs is that having finite transcendence degree and having finite rank
are equivalent in both DCF and ACFA.

Hrushovski proved that the theory of difference-differential fields of
characteristic zero has a model-companion. We denote it DCFA. This
theory is supersimple, quantifier-free w-stable, and it eliminates imaginar-
ies. Proofs of these facts are found in [1]. As DCFA is supersimple its
types are ranked by the SU-rank, in [2] the author proved that the SU-
rank of a model of DCFA (that is, the SU-rank of a difference-differential
transcendental element) is w?, and gives an example (3.1) of a set whose
SU-rank 1 but has infinite transcendence degree.

2 Algebraic jet spaces

We list the main properties of jet spaces over algebraically closed fields
of characteristic zero. We will suppose all varieties to be absolutely irre-
ducible.

Definition 2.1 Let K be an algebraically closed field , and let V C A™
be a variety over K"; let a be a non singular point of V. Let Oy, be the
local ring of V' at a and let My, be its mazimal ideal.

Let m > 0. The m-th jet space of V' at a, J™(V),, is the dual space
of the K-vector space va,a/i)ﬁ"?:l.

Notation 2.2 If the variety V is A", we write M, instead of My 4.
The following is proved in [9] (Fact 1.2).

Fact 2.3 Let U,V be irreducible varieties of K", a € V. NU. If
J"(V)e = J™U)q for allm >0, then V =U.

Proposition 2.4 Let V be an variety, a a non-singular point of V. Let
O, be the local ring of V at a, and My, its marimal ideal. Let
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My ={f € K[V] : f(a) = 0} be the mazimal ideal of the coordinate
ring of K[V] of V. Then, for allm € N, Mv,a/M@’a and Sﬁv,a/i)ﬁ"}fa are
isomorphic K-vector spaces .

PROOF:

This is a consequence from the fact that Mz,v NK[V] = E)ﬁfly for all
i. (cf Proposition 2.2 in [4]) . O

The following fact is proved in [10], Chapter II, section 5.

Fact 2.5 Let U,V be two irreducible varieties defined over L C K. Let
f:U —V be a finite morphism, and let b € V. If f is unramified at b,
then, for any a € f~1(b) and for any positive integer m, the homomor-
phism f Ovp/My, — Oua/MY}, induced by f is an isomorphism.

Proposition 2.6 Let U,V be two irreducible varieties defined over
L C K. Let f: U — V be a dominant generically finite-to-one mor-
phism. Let a be a generic of U over L. Then f induces an isomorphism
of K -vector spaces between J™(U)q and J™(V)¢(q)-

PROOF:

Since f is separable (as we work in characteristic zero), and since f
is dominant and f~!(f(a)) is finite, U and V are irreducible and their
dimensions are equal, thus f is unramified at f(a). By 2.5, f induces
an isomorphism between Oy ¢(4)/ E)ﬁ?/?’}'(t) and Oy, / Sﬁz"b’:l; whose restric-

tion to My, ¢(a)/ 9317"}}'(1(1) is an isomorphism between My, ¢,/ Dﬁr‘;f}r(la) and
My,a/ fm?:l Then, by 2.1, f induces an isomorphism between J™(U),
and Jm(V)f(a). d

The following lemma (2.3 of [9]) allows us to consider jet spaces as alge-

braic varieties.
Lemma 2.7 Let K be an algebraically closed field and V' a subvariety of
K™ , let m € N and let D be the set of operators

1 0°

sil---spl 0zt -+ Oy

where 0 < s<m-+1and s=s1+ -+ Sn, s; > 0.
Let a = (a1,--- ,an) € V; and let d = |D].
Then we can identify J™(V), with

{(ch)nep € K*: Y DP(a)e, =0, P € I(V)}.
heD
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PROOF:

Let p : K[X] — KJ[V] such that Ker(p) = I(V) ; then
p 1 (Mayv) = M,, and p‘l(./\/lam"tl) = M™1 4 [(V). This gives us
the following short exact sequence:

0 — (I(V) + MY /M — Mo/ MPH — My /MIFE — 0

We proceed to describe the dual space of M,/ M™*!: The monomials
(X—a))=(X—a1)® (X —ap)’ with1 < s34+ s, =s <m form
a basis for M,/M™F! and for each s we have a K-linear map us which
assigns 1 to (X —a)® and 0 to the other monomials. The maps us form a
basis for the dual of M,/ M™+1L.

Thus, the dual J™(V), of Mg v/ ./\/l;rf;}l, consists of those linear maps
U Mg/ M™FE — K that take the value 0 on (I(V) + ./\/lay)/MZ:”‘J}l.

Let f(X) € K[X]; applying Taylor’s formula we can write, modulo
M,

fX)=f@)+ > Dif(a)(X —a)’,
1<[s|<m

where

1 0°
sil---sploXy - 0XG

D, =

If u =", csus, then u vanishes on (I(V)+M71)/ M7 if and only
if for every P(X) € I(V'), we have

> DyP(a)es =0.

1<]s|<m

3 Jet spaces in differential and difference fields

We study jet spaces of varieties over differential fields and difference fields.
We recall the concepts of D-modules and o-modules (see [9]).

Definition 3.1 Let (K, D) be a differential field, and let V be a finite-
dimensional K -vector space. We say that (V,Dy) is a D-module over K

if Dy is an additive endomorphism of V such that, for any v € V and
c € K, Dy(cv) = ¢Dy(v) + (Dc)v.
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Lemma 3.2 ([9], 3.1) Let (V,Dy) be a D-module over the differential
field (K, D). Let (V,Dy)f = {v € V : Dyv = 0} . Then (V,Dy)* is
a finite-dimensional C-vector space. Moreover, if (K, D) is differentially
closed, then there is a C-basis of (V, Dy )* which is a K-basis of V.. (Thus
every C-basis of (V, Dy )? is a K-basis of V)

Definition 3.3 A D-variety is an algebraic variety V. C A™ with an al-
gebraic section s : V. — 11(V) of the projection m: 71(V) — V. Then, by
1.1, (V,s)! = {x € V : Dz = s(z)} is Zariski-dense in V. We shall write
V*E when s is understood.

Proposition 3.4 A finite-dimensional affine differential algebraic variety
is  differentially  birationally equivalent to a set of the form
(V,s)t = {x € V : Dz = s(x)} where (V,s) is a D-variety.

Remark 3.5 Let V C A" be a variety defined over K.

1. Given a D-variety (V,s) , we can extend the derivation D to the
field of rational functions of V' as follows:

If f eU(V), then we define Df = E;_)J;Si 4D

2. Ifa € V¥ and f € My, then Df(a) = %si(a) + fP(a) =
Jt(Da) + fP(a) = D(f(a)) = 0. Thus My,, and Dﬁ?}:{l are dif-
ferential ideals of Oy, so it gives 9ﬁvﬂ/§m7‘?;’1 a structure of D-
module over U. Defining D* : J™(V), — J™(V)q by D*(v)(F) =
D(v(F)) — v(D(F)) for v € J™(V), and F € My,/MITL, gives
J™(V)a a structure of D-module. 7

Definition 3.6 Let (K,0) be a difference field. A o-module over K is a
finite-dimensional K -vector space V together with an additive automor-
phism ¥ :V — V, such that, for allc € K and v € V, ¥(cv) = o(c)X(v).

Lemma 3.7 ([9], 4.2) Let (V,X) be a o-module over the difference field
(K,0). Let (V,X) = {v eV : %) = v}. Then (V,L) is a finite-
dimensional Fixo-vector space. Moreover, if (K, o) is a model of ACFA,
then there is a Fizo-basis of (V,%)" which is a K-basis of V.(Thus every
Fizo-basis of (V, %) is a K-basis of V)

Remark 3.8 Let (K,0) be a model of ACFA. Let V,W be two irreducible
algebraic affine varieties over K such that W C V x V7, and assume
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that the projections from W to V and V7 are dominant and generically
finite-to-one. Let (a,o(a)) be a generic point of W over K. Then, by
2.6, Jm(W)(a,U(a)) mnduces an isomorphism f of K-vector spaces between
J"(V)a and J™(V) (). We have also that (J™(V)a, f o) is a o-module
over K.

4 Jet spaces in difference-differential fields

We describe the jet spaces of finite-dimensional varieties defined over
difference-differential fields, and we state the results needed to prove our
main theorem 4.8. Finally we give two corollaries: the first is the weak
dichotomy, and the second is an application to quantifier-free definable
groups.

We start with the definition of a (o, D)-module.

Definition 4.1 Let (K,o0,D) be a difference-differential field. A (o, D)-
module over K is a finite-dimensional K-vector space V equipped with
an additive automorphism % : V. — V and an additive endomorphism
Dy : V. — V, such that (V,Dy) is a D-module over K, (V,X) is a o-
module over K and for all v € V we have %(Dy (v)) = Dy (X(v)).

The key point of our proof of 4.8 is the following lemma.

Lemma 4.2 Let (V, %, Dy) be a (o, D)-module over the difference-differen-
tial field (K, o, D). Let (V,%,Dy)f = {v € V : Dy(v) = 0AS(v) = v} (we

shall write V? when Dy and ¥ are understood). Then V1 is a (FizoNC)-

vector space. Moreover, if (K,o,D) is a model of DCFA, there is a

(Fizo NC)-basis of VI which is a K-basis of V. (Thus every (Fizo) NC-

basis of (V) is a K-basis of V)

PROOF:

It is clear that V¥ is a (Fizo N C)-vector space. By 3.2 and 3.7 it is
enough to prove that there is a (Fizo N C)-basis of V¥ which is a C-basis
of V%,

Let {v1,--- ,v,} be a C-basis of V¥, then {Z(v1),---,S(v)} is a C-
basis of V&  Let A be the invertible k x k C-matrix such that
()] = Afuil"

Let {u1,--- ,ux} bea C-basis of V. Then there exists an invertible k x
k C-matrix B such that [w]" = Blv]'; applying ¥ we get
[2(u)]f = o(B)[2(v)]! = o(B)Afv;]t. Thus {us,--- ,u} is in V¥ if and
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only if B = o(B)A. Since (C,0) = ACFA, the system X = o(X)A,
where X is an invertible k x k matrix, has a solution in C. So we can
suppose that {ug,--- ,u;} is in V5.

Let v € V2, and let Aj,--- A\, € C such that v = M\ug + -+ - + Apug.
Then v = o(A)uy + - - -+ 0(Ap)ug, thus \; € Fizo fori =1,--- k. Hence
{uy,--- ,u} is a (Fizo N C)-basis of V. O

Notation 4.3 Let (U,0,D) be a saturated model of DCFA. Let
K = acl(K) be a difference-differential subfield of U, and let a € U™
such that K(a)p = K(a) and o(a) € K(a)¥9.

Let V' be the locus of a over K, and let W be the locus of (a,o(a)) over
K. Then V7 is the locus of o(a) over K and the projections my : W — V
and mo : W — V7 are generically finite-to-one and dominant.

We set:

7} : K[V] — K[W], F — Fomy.

5 K[V — K[W], G+— G oma.
T va,a/ﬁﬁ(;'::l — Dﬁm(aﬁ(a))/m%j&g(a)) the map induced by 7}
o Dﬁvap(a)/i)ﬁr‘;";i — S)JTW,(Q,U(Q))/SDT%I;U(Q)) the map induced by

T I W) aot@) — I (V)a, w— womg.
Ty - Jm(W)(a’o(a)) — Jm(V”)o(a), WwH—wo 7'("2’(.
With respect to the extension of D to the coordinate rings, m] and w5
are differential homomorphisms. By 2.6 7 and 7, are isomorphisms of
U-vector spaces.

Let f + J"(V)a — J™(V7)s( be the U-isomorphism defined by
f=rho(m)L.

Since Da € K(a) there is a rational map s : V. — U™ such that
s(a) = Da and (V,s) is a D-variety. By construction (V7,s%) and
(W, (s,87)) are also D-varieties.

Lemma 4.4 (J™(V),, f 1o, D*) is a (o, D)-module.

PROOF:

All we need to prove is that D* commutes with f~'o. Since
f=mho ()"t and 7, 7} are isomorphisms, and since o commutes with
D*, it is enough to prove that D* commutes with 7} and 7.

Let w € J™(W)(q,0(a)) and F € My,q /M.

We want to prove that D*(7}(w))(F) = (7} o D*(w))(F). We have
D*(my(w))(F) = D*(womi)(F) = D((w o m})(F)) — w o mj(D(F)).
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On the other hand 7} (D*(w))(F) = (D*(w)o})(F) = D(w(r;(F)))—
w(Dw (77 (F)). o o _

But clearly D((w o n)(F)) = D(w(rj(F))) and w o 7 (Dy(F)) =
w(Dy (x7) (F))-
The proof is similar for 75. O

Lemma 4.5 Let K C K1 = acl(Ky). Let Vi be the (o, D)-locus of a over
K1, and let c be the field of definition of V1. Then ¢ C Cb(qftp(a/K1)) C
acl(K,c).

PROOF:

Clearly ¢ C Cb(qftp(a/K1)). We know that a\LKﬁKl in DCF , also
o'(Dia) C K(a)"; then acl,p(K, a)LK,CKl in ACF, thus
Cb(qftp(a/K1)) C acl(K,c). O

Remark 4.6 If we replace a by (a,0(a), -+ ,0™(a)) for m large enough,
¢ and Cb(qftp(a/K1)) will be interdefinable over K (choose m for which
the Morley rank of tppcr(a™(a)/K(a,--- ,0™ (a))) is minimal and for
which the Morley degree of tppcr(o™(a)/K(a,--- ,0™ 1(a))) is minimal)

Lemma 4.7 Let K C K; = acl(Ky). Let Vi be the locus of a over Kj.
Then J™(V1)q is a (o, D)-submodule of J™(V ).

PROOF:

Clearly J(V1), is a D-submodule of J™(V),. Let Wj be the locus
of (a,0(a)) over Ki. Let f; be the isomorphism between J™(V7), and
J™ (VY )o(ay induced by the projections from Wy onto Vi and (V4)7; since
these projections are the restrictions of the projections from W onto V
and V7, fi C f. So J"(V1), is a o-submodule of J"(V),. O

Theorem 4.8 Let (U,0, D) be a saturated model of DCFA and let K =
acl(K) CU. Let tp(a/K) be finite-dimensional (i.e. tr.dg(K(a)sp/K) <
o0). Let b be such that b = Cb(qftp(a/acl(K,b))). Then tp(b/acl(K,a))
is almost-internal to Fizxo NC.

PROOF:

By assumption, trdg(K(a)sp/K) is finite. Enlarging a, we may as-
sume that a contains a transcendence basis of K(a)sp over K. Then
o(a),Da € K(a)® and D?*(a) € K(a,Da). Hence we may assume that
Da € K(a).
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Let V' be the locus of a over K , W the locus of (a,c(a)) over K, thus
V7 is the locus of o(a) over K.

Let V; be the locus of a over acl(K,b); let by be the field of definition
of Vi. By 4.5 b € acl(K,by).

By 4.2 for each m > 1 there is a (Fiizo NC)-basis of Jm(V)i which is a

U-basis of J"™(V'),. Choose such a basis d,,, such that d = (dy,da, - - - )J/Kﬂb.

Then for each m we have an isomorphism between Jm(V)g and

(CN Fizo)™™ for some ry,. Thus the image of Jm(Vl)g in (Fize NC)™
is a (Fizo N C)-subspace of (Fizo NC)"™ and therefore it is defined over
some tuple e,, C FizoNC; let e = (eq, e, -+ ). If 7 is an automorphism of
(U, 0, D) fixing K, a,d, e, then J"(V1), = 7(J™(V1),); on the other hand,
T(J™(V1)a) = J"™(17(V1))a, thus for all m > 1, J" (V) = J™(7(V1))q and
by 2.3 7(V1) = Vi, thus 7(b1) = by which implies that by € dcl(K,a,d,e).
Hence b € acl(K,a,d,e). Since e C Fixo NC and dL b, this proves our
assertion. O
As in [8], we deduce the dichotomy theorem.

Corollary 4.9 If tp(a/K) is of SU-rank 1 and finite-dimensional, then
it is either 1-based or mon-orthogonal to Fizo NC.

Proof:

We suppress the set of parameters. Let p = tp(a). If p is not 1-
based there is a tuple of realizations d of p and a tuple ¢ such that
¢ =Cb(qftp(d/c)) £ acl(d). Then tp(c/d) is non-algebraic and by 4.8 it is
almost-internal to FizoNC. As tp(c/d) is p-internal we have p £ FizoNC.
Od

We conclude with an application to definable groups of DCFA. We
need the following lemmas on quantifier-free stable groups.

Lemma 4.10 Let M be a simple quantifier-free stable structure which
eliminates imaginaries. Let G be a connected group, quantifier-free de-
finable in M defined over A = acl(A) C M. Let ¢ € G and let H be
the left stabilizer of p(x) = qftp(c/A). Let a € G and b realize a non-
forking extension of p(x) to acl(Aa). Then aH is interdefinable over A
with Cb(qftp(a-b/A,a)). Likewise with right stabilizers and cosets in place
of left ones, and b - a instead of a - b.

PROOF:
Let g be the quantifier-free type over M which is the non-forking exten-
sion of p. Then agq is the non-forking extension to M of qftp(a-b/Aa). So
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we must prove that for every automorphism 7 € Aut(M/A), 7(aH) = aH
if and only if 7(aq) = aq.

Since ¢ is A-definable, 7(q) = ¢, and 7(aq) = 7(a)7(q) = 7(a)q. Thus
7(aq) = aq if and only if a™'7(a)g = q¢. But H = {x € G : 2q = ¢},
then a='7(a) € H if and only if 7(a)H = aH, and as H is Aa-definable,
T(aH) =71(a)H. O

Lemma 4.11 Let M be a simple quantifier-free stable structure which
eliminates imaginaries. Let G be a connected group, quantifier-free defin-
able in M defined over A = acl(A) C M. Let ¢ € G, let H be the left
stabilizer of qftp(c/A) and let a € G be a generic over AU {c}. Then Hc
is interdefinable with Cb(qftp(a/A,c-a)) over AU {a}

PROOF:

We may assume A = (). Let p = qftp(c/A). We know that H is the
right stabilizer of p~!, on the other hand, since a is a generic of G we have
clc-a. By 4.10, He - a is interdefinable with Cb(qftp(c™(c - a)/c - a)).
Since H is (-definable, Hc - a is interdefinable with Hc over a. O

Corollary 4.12 Let (U, 0, D) be a model of DCFA, and let K = acl(K) C
U. Let G be a finite-dimensional quantifier-free definable group, defined
over K. Let a € G and let p(x) = qftp(a/K). Assume that p has trivial
stabilizer. Then p is internal to Fizo NC.

PROOF:

Let b € G be a generic over K U {a}. By 4.11 a is interdefinable with
Cb(qftp(b/K,a-b)) over K U{b} and by 4.8, tp(Cb(qftp(b/K,a-b))/K,b)
is internal to C N Fizo. Thus tp(a/K,b) is internal to Fizo NC; and since
al kb, tp(a/K) is internal to Fizo NC. O
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