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ABSTRACT. For a smooth projective variety P of dimension n, we
construct a Cartier divisor supported on the incidence locus in the
product of Chow varieties €,(P) X €,—q—1(P). There is a natural
definition of the corresponding line bundle on a product of Hilbert
schemes, and we show this bundle descends to the Chow varieties.
This answers a question posed by Barry Mazur.
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SECTION 1. INTRODUCTION

Let (P,Op(1)) be a smooth projective variety of dimension n over an alge-
braically closed field k. The Chow variety 6y (P) parameterizes algebraic
cycles on P. In particular, there is a bijection between %y 4 (P)(k) and the set
of effective algebraic cycles on P of dimension d and degree d’. (We suppress
the degree since it plays no role.) Let a and b be nonnegative integers such
that @ +b+ 1 = n. The product 6, (P) x 6,(P) parameterizes pairs (A, B)
of an a-dimensional cycle A and a b-dimensional cycle B. Since a + b is less
than n, one expects a generic A and B to be disjoint. But one expects that
the incidence locus & parameterizing incident pairs is a codimension 1 closed
subvariety in &, (P) x €,(P).

For k the field of complex numbers, Mazur [14] constructed a Weil divisor
supported on the incidence locus as follows. Consider the diagram of schemes:

P x %,(P) x 6(P) —2> P x P x €,(P) x €(P)

lprm

%Q(P) X Cgb(P)
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Let U,, U, denote the universal cycles on P x %,(P), P x %,(P) respectively
(these exist in characteristic zero). Since A is a local complete intersection
morphism, there is a refined Gysin homomorphism A'] as constructed in [7, 6.2].
Using standard operations in intersection theory, one has prq; A (U, X Up), a
cycle of codimension 1 on 6, (P) x 6, (P). The main question of [14] is whether
pros, A (U, KU is a Cartier divisor. The main result of this paper is a positive

answer to Mazur’s question.

THEOREM 1.1. Let U C 6,(P) x €,(P) denote the locus of disjoint cycles,
i.e., the complement of the incidence locus #. Let U' C U denote the union
of products C, x Cy of irreducible components Co C €o(P),Cy C € (P) over
which the universal cycles intersect properly.

o There is a Cartier diwisor D on U which is supported on U — U.

e The restriction of D to U’ is an effective Cartier divisor.

o Let T be the spectrum of a discrete valuation ring R D k, with generic
point . Let g : T — U C Cu(P) x €,(P) be a morphism corresponding
to cycles Z,W on P x T, and such that g(n) € U. Let sp denote the
canonical section of the line bundle OgF(D). Then we have

ordg*(sp) = deg(Z - W) € Z,
where Z - W € Ag(P x T) is the class constructed in [7, 20.2].

Remark 1.2. Our methods will suggest there is a line bundle on the whole of
the product €, (P) x €, (P), but it does not seem reasonable to expect a Cartier
divisor beyond the locus U. On the locus U’, the operation A' is defined on
the cycle level, and all of the coefficients appearing in pr23*A!(Ua X Up) are
positive. On the locus U — U’, negative coefficients may appear.

TECHNIQUES. Our approach to Mazur’s question, initiated in [20], is to de-
fine the incidence line bundle £ on a product of Hilbert schemes mapping to
the corresponding Chow varieties, and then show L is the pullback of a line
bundle M on the Chow varieties. Our £ will be equipped with a canonical
nonvanishing rational section on the locus of disjoint subschemes, and we will
show this section is induced by a trivialization of M on U. Briefly, £ is the
determinant of a perfect complex formed from the universal flat families. Then
we form a proper hypercovering of U along the Hilbert-Chow morphism, and a
descent datum for £ on this hypercovering. This amounts to an identification
¢ between two pullbacks of L, satisfying a cocycle condition.

At first we define the descent datum ¢ over a normal base provided the incidence
has the expected dimension (5.18); this boils down to the Serre Tor-formula for
intersection multiplicities and basic properties of the determinant functor (ad-
ditivity on short exact sequences). To extend the descent datum over families
with more complicated incidence structure, we establish some moving lemmas
to produce local trivializations (5.13,5.14), then apply Grothendieck-Riemann-
Roch to show these local sections glue (5.17,5.32). A useful tool is the following
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result, which characterizes functions on a seminormal scheme (4.3; see also Def-
inition 4.2): a Noetherian ring A is seminormal if and only if every pointwise
function on Spec A which varies algebraically along (complete) DVRs is induced
by an element of A.

As for the effectiveness of (£, ¢), i.e., that £ is induced by a line bundle on
the Chow varieties, an outgrowth of 4.3 is a criterion for effective descent
(4.6) applicable to our Hilbert-Chow hypercovering: the bundle £ descends to
M € Pic(U) if it can be trivialized locally on U, compatibly with the descent
datum ¢. The compatible local trivializations are built into the definition of
the descent datum.

MOTIVATION. In the classical construction, the Chow variety %y 4 (P™) is real-
ized as a closed subvariety of the scheme of Cartier divisors of the Grassmannian
4 of (n—d—1)-planes: to a d-dimensional cycle Z on P we associate the codi-
mension one set of (n—d—1)-planes in P" which intersect Z. Thus the natural
ample line bundle on ¢ x CDiv(¥) simultaneously shows the projectivity of the
Chow variety, and endows the incidence locus (in 6y 4 (P™) x ¢, a special case
of the .# considered above) with the structure of an effective Cartier divisor.
This generalizes to the case €4(P™) X €,—q—1(P™) using the ruled join; see [17].
This direct geometric construction does not extend to general smooth projective
P. However, the Hilbert scheme (the moduli space for closed subschemes of
P) and the Hilbert-Chow morphism ¢ — % suggest another approach. The
pullback of the line bundle associated to the incidence divisor via . (P")x¥ —
€ (P™) x ¢ is the determinant of a perfect complex formed from the universal
flat families (see the end of Section 3), and the determinant construction can be
defined for any smooth projective P. Thus one is naturally led to wonder, for
a general pair of Hilbert schemes parameterizing subschemes of dimension a, b
as above, whether the determinant line bundle descends to the corresponding
product of Chow varieties. The direct geometric construction for P = P™ and
the determinant formula are in fact compatible; see the end of Section 3.

Further motivation comes from the case of zero-cycles and divisors, where the
Hilbert-Chow morphism admits a reasonably explicit description. The equality
of the families of zero-cycles associated to two families of zero-dimensional
subschemes has a natural expression in terms of determinants; and similarly
two families of codimension one subschemes determine the same family of cycles
if the determinants of their structure sheaves agree. For a detailed study of
the determinant bundle in the case of zero-cycles and divisors, in particular the
descent to the Chow varieties, see [20].

CONTENTS. In Section 2 we recall background material on determinant func-
tors and K-theory. In Section 3 we discuss the relevant properties of the Chow
variety and the Hilbert-Chow morphism, and define the incidence line bun-
dle and the Hilbert-Chow hypercovering along which the incidence bundle de-
scends. In Section 4 we explain the role of seminormality both in defining the
descent datum and demonstrating its effectiveness. In Section 5 we construct
the descent datum and show it is effective.
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OTHER WORK. In [24] Wang proved that a certain multiple of the incidence
divisor, namely (n—1)!(prys, A'(U,XUy)), is Cartier by using the Archimedean
height pairing on algebraic cycles (over C). (See the references in [24] for
history of the height pairing.) Given disjoint cycles A, B on P as above, one
has the pairing (4, B) := [,[Gp] defined by integrating a normalized Green’s
current for B over A. Wang views (A, B) as a function on the open set U in
%.(P) x €, (P) consisting of disjoint cycles, and by studying the behavior of the
function as the cycles collide, obtains [24, Thm. 1.1.2] a metrized line bundle L
on U and a rational section s that is regular and nowhere zero on U, such that
log||s(A, B)||* = (dim(P) — 1)/(A, B). Using relative fundamental classes in
Deligne cohomology (and again over C), Barlet and Kaddar [4] constructed an
incidence Cartier divisor in the analytic setting under the assumption that the
incidence is generically finite over the parameter space. It would be interesting
to “go back” from the Chow varieties to the height pairing.

CONVENTIONS. We use the definition of the Chow variety from [13]. In char-
acteristic 0, there is a functor of effective algebraic cycles (of dimension d and
degree d') defined on the category of seminormal k-schemes; and this functor
is represented by a seminormal, projective k-scheme %y 4 (P) [13, 1.3.21]. In
characteristic p > 0, there are several plausible notions of a family of effective
algebraic cycles, stemming from the ambiguity of the field of definition of a cy-
cle [13, 1.4.11]. In this case we work with the seminormal, projective k-scheme
%4, (P) constructed in [13, 1.4.13]. This coarsely represents at least two rea-
sonable functors of effective algebraic cycles. Since we rely on the method of
“seminormal descent,” our methods do not apply to other definitions of Chow
varieties (e.g., those of Barlet [3], Angéniol [1], and Rydh [21]) when those
constructions yield Chow varieties/schemes which are not seminormal.

All schemes considered in this paper are locally Noetherian. A variety over a
field k is an integral separated scheme of finite type over k.

ACKNOWLEDGMENTS. This paper is derived from and improves upon the au-
thor’s PhD thesis. The author thanks his thesis advisor Aise Johan de Jong.
This work was completed while the author was a wissenschaftlicher Mitarbeiter
at the Universitat Duisburg-Essen.

SECTION 2. DETERMINANT FUNCTORS AND K-GROUPS

A determinant functor assigns an invertible sheaf to each perfect complex. We
discuss this notion following [12]. Then we quickly review some background
material on K-groups.

NoTATION 2.1. Let X be a scheme. Let D(X) denote the derived category
of the abelian category Mod(X) of Ox-modules. Denote by D*(X), respec-
tively D~ (X), the full subcategory of D(X) whose objects are complexes of
Ox-modules which are bounded below, respectively bounded above. Denote
by D?(X) the full subcategory whose objects are complexes which are both
bounded below and bounded above.
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We denote by D gycon(X) the full triangulated subcategory of D(X) consist-
ing of pseudo-(quasi)coherent complexes, and by DZ‘q)c on(X) the correspond-
ing bounded category for * = +,—,b [10, 1.4 p.38, 2.1 p.85]. We denote by
Parf(X) € D(X) the full triangulated subcategory consisting of perfect com-
plexes [9, Exp. I Def. 4.7 p.44].

Let Parf-is(X) denote the category whose objects are perfect complexes on X,
with morphisms isomorphisms in D(X). Let Pic(X) denote the category whose
objects are invertible sheaves on X, and whose morphisms are isomorphisms.

This is a Picard category in the sense of [2, Exp. XVIII Def. 1.4.2].

DETERMINANTS. The main result of [12, Thm. 2] is that there exists up to
canonical isomorphism a unique determinant functor detx : Parf-is(X) —
Pic(X) extending the usual determinant (top exterior power) of a locally free
sheaf. Indeed the idea is to locally replace a perfect complex by a bounded
complex of locally free sheaves, and take the signed tensor product of the usual
determinants of the locally free terms. Then one shows this patches to give
a global invertible sheaf. For every true triangle of complexes 0 — F; —
PN F3 — 0 in Parf-is(X), we require an isomorphism ix (c, 8) : det(F1) ®
det(F3) = det(F3), and the isomorphisms i (extending the obvious i for short
exact sequences of locally free sheaves) are required to be compatible with
isomorphisms of triangles, and more generally triangles of triangles. Associated
to morphisms of schemes we have base change isomorphisms interchanging
the determinant with pullback, and these are required to be compatible with
composition of morphisms of schemes.

Remark 2.2. When X is reduced, i extends to the class of distinguished tri-
angles, is functorial over isomorphisms (in D(X)) of distinguished triangles,
and is compatible with distinguished triangles of distinguished triangles [12,
Prop. 7].

ASSOCIATED CARTIER DIVISORS. If F € Parf(X) is acyclic at every @ € X
of depth 0, then [12, Ch.II] constructs a Cartier divisor Div(F) on X and a
canonical isomorphism Ox (Div(F)) = detx(F) extending the trivialization
Ox » = det, F at v € X of depth 0. The formation of this divisor and isomor-
phism is additive on short exact sequences [12, Thm.3(ii)], and is compatible
with base change f : X’ — X such that Lf*(F) is acyclic at every 2’ € X’
of depth 0 [12, Thm.3(v)]. Furthermore, in case X is normal and z € X is a
point of depth 1, the coefficient of {z} in the Weil divisor associated to Div(F)
is the alternating sum of the lengths (at z) of the cohomology sheaves, i.e.,
> (=1)"0,(H'(F)). This construction is also studied in [6, Sect. 3] and [15,
Ch. 5 Sect. 3].

We mention two further properties implicit in [12, Thm.3]. If the complex F is
acyclic, then Div(F) = 0 and the canonical isomorphism Ox (Div(F)) = Ox =
detx (F) is the trivialization of the determinant of an acyclic complex [12,
Lemma 2|. Finally, the construction is determined by the quasi-isomorphism
class of the perfect complex F: since all filtration levels and subquotients
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appearing in the canonical filtration (“good truncation”) of F are generically
acyclic so long as F is, the additivity implies Div(F) = 3", (—=1)" Div(H!(F)).

K-Groups. Let X be a variety. Then K((X) is the Grothendieck group of X,
generated by coherent sheaves on X with relations for short exact sequences
of sheaves; K°(X) is the Grothendieck group of vector bundles. When X is
regular, we have an isomorphism Ko(X) = K°(X). We have also the Chern
character ch : Ko(X) — A.(X), where A,(X) is the Chow group of cycles on
X, graded by dimension. We note F € Parf(X) determines a class in Ky(X)
since for any abelian category < (e.g., Coh(X)), Ko(«/) = Ko(D"(&/)); the
latter group is generated by objects of the triangulated category D’(&/) with
relations for distinguished triangles.

The group Ko(X) has a topological filtration: the subgroup F(Ko(X)) is gen-
erated by those F € Coh(X) such that dim(Supp(F)) < k. For a proper mor-
phism of schemes f : X — T we obtain a homomorphism f, : Ko(X) — Ko(T)
sending (the class of) a coherent sheaf to the alternating sum of (the classes
of) its higher direct image sheaves. This preserves the topological filtration. If
T is a point and F € Coh(X), then x(F) = ch(f.(F)).

SECTION 3. THE HILBERT-CHOW MORPHISM AND THE INCIDENCE DIVISOR

In this section we define the Chow variety, the Hilbert-Chow morphism, and
construct our proper hypercovering. Then we define the incidence line bundle
on the product of Hilbert schemes.

We recall an application of the characterization of seminormal schemes [19,
5.1], where it is shown that properties (1)-(5) below characterize the Chow
variety. For properties (6) and (7) we refer to [13].

DEFINITION-THEOREM 3.1 (Existence of the Chow variety). Let P be a smooth
projective variety over a field k. The Chow variety 644 of P is a k-scheme
with the following properties:

(1) It is projective over k.
(2) It is seminormal.
(8) For every point w € Gyq there exist purely inseparable field extensions

k(w) C L; and cycles Z; on Pr, such that:

(a) Z; and Z; are essentially equivalent [13, 1.3.8]: they agree as cycles
over the perfection k(w)Pe"! of k(w);

(b) the intersection of the fields L; is k(w), which is the Chow field (field
of definition of the Chow form in any projective embedding of P) of
any of the Z; [13, 1.3.24.1]; and

(c) for any cycle Z on Py defined over a subfield k ¢ M C rk(w)Pef
which agrees with the Z; over k(w)P*"! (equivalently, agrees with one
Z;), we have k(w) C M (the Chow field is the intersection of all fields
of definition of the cycle).

(4) Points w of €44 are in bijective correspondence with systems (k C

k(w), {k(w) C Liy, Z; Yicr) up to an obvious equivalence relation.
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(5) For any DVR R D k and any cycle Z on Pr of relative dimension d and
degree d' in the generic fiber, we obtain a morphism g : Spec R — €4.ar
such that the generic fiber Z,, and the special fiber Zs agree with the systems
of cycles of the previous property at g(n) and g(s).

(6) For any numerical polynomial q of degree d and with leading coefficient
d'/(d"), we obtain a morphism (the Hilbert-Chow morphism)

FC (%q)sn — %d,d’

red

by taking the fundamental cycle of the components of maximal relative di-
mension (= d)[13,1.6.3.1]. A finite number of ()", ’s surject onto €4 q .
(7) Let n € €qa be a generic point. Then either dim{n} = 0 or there exists a
cycle Z, on P, defined over k(n). In particular, if k is perfect then there

exists a Zy for every generic point n of €q.q [13, 1.4.14].

CONSTRUCTION 3.2. Let P be a smooth projective variety, and r € Z>¢. Let
. denote the Hilbert scheme of r-dimensional subschemes of P. Let /7
denote the seminormalization of the (closed) subscheme of JZ/ consisting of
subschemes Z such that Z has pure r-dimensional support (this is different
from the notion of a pure sheaf: Z may have embedded components of smaller
dimension so long as they are set-theoretically contained in the top-dimensional
components). We have the product of the Hilbert-Chow morphisms (3.1) 7 :
Yo = A, x A, — 6, X 6, =: C. Because seminormalization is a functor, we
may form a proper hypercovering 7, : Yo — C augmented towards C' whose
i-th term Y; is the seminormalization of Yy X¢ ... x¢ Yy (i + 1 factors), with
the (seminormalizations of the) canonical morphisms.

Remarks 3.3. (3.3.1) We explain property (7) in more detail. For any positive-
dimensional component of €y 4, its generic point corresponds to a cycle all of
whose coefficients are 1, i.e., a subscheme [13, 1.4.14]. Hence we can find a
(component of some) (#9)"", admitting a birational morphism to that com-
ponent.

(3.3.2) Over a field of characteristic zero, the seminormality of the Chow
variety and [19, 4.1] imply O¢ = m.,(Ox,) for a proper hypercovering X,
augmented towards . In characteristic p > 0, we have the characterization
of the residue fields on the Chow variety as the intersection of all fields of
definition [13, I.4.5]. So by [19, 4.1 Corrigendum|, we have O = 7,,(Ox,) for
a proper hypercovering such that Xo = J227.

In more detail and in the language of [19, 4.1], we explain how to construct
(locally) a pointwise function on ¢ from a pointwise function on 27" which
belongs to me,(Ox,). So suppose z € € (Py) corresponds via a morphism
Speck(z) — € (Py) to the cycle Z on P,(.). Consider an algebraically closed
field K containing (z) and the cycle associated to the base change Z7. Then
by [13, 1.4.5], the residue field #(z) is characterized as the intersection in K of
all fields of definition of Z, i.e., the intersection of all E; such that k C E; C K
and there exists a subscheme Y; C Pg, whose associated cycle agrees with Z5
upon base change. Consider fields Ey, E; satisfying these conditions. Then
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we have morphisms Spec E; — ¢ with the property that the compositions
Spec K — Spec B; — J — € are the same. Thus we have a commutative
diagram:

sn
red

Spec K ————— (H x¢ )

! ||

Spec Eqg, Spec E H

(The morphism from Spec K factors through the seminormalization.) Consid-
ering a € me,(Ox,) as a pointwise function, we obtain elements a; € F;. The
preceding diagram shows ag = a; in K, therefore ag € Ey N E;. By the same
argument we find ag € Fy N E; for all i, therefore ag € k(z). Thus we made
an element in the residue field k(z). It varies algebraically along DVRs by [19,
4.1].

(3.3.3) If X =Y UZ is a reducible scheme with irreducible components Y, Z,
then the field of definition of Y is contained in the field of definition of X. Also,
a scheme and its seminormalization have the same residue fields. Hence to cut
out the residue fields on %, it is enough to consider the subscheme .77 — JZ/
defined in 3.2. So we have Oy = 7,.,(Ox,) for a proper hypercovering such
that XQ = %«

We record the (presumably known) fact that the Hilbert-Chow morphism is
compatible with products.

LEMMA 3.4. If P, P’ are smooth projective varieties over a field k, then the
following diagram commutes. (We suppose p has leading coefficient d’'/(d!) and
deg(p) = d; and q has leading coefficient €' /(e!) and deg(q) =e.)

(AP (P))yeq ¥ (A1) eq ——> (AP x P))c

\LFCXFC \LFC’

%d,d/(P) X %e,e/ (P/) _— ng—i-e,d’e/ (P X P/)

Proof. We describe the map in the top row: if Z < P xT,Z" «— P' x T
constitute a T-point of (P (P)).", x (#4(P"));",, then the scheme theoretic
intersection prisZ NprisZ’ in P x P’ x T is a T-point of (A#P1(P x P'))’"..
A top-dimensional component in the product scheme is induced by a pair of
top-dimensional components; and length multiplies, so the coefficients in the

product cycle are the products of the coefficients of the factors. O

The main goal of this paper is to construct a Cartier divisor supported on the
incidence locus. Now we define an invertible sheaf (the “incidence bundle”) on
a product of Hilbert schemes, and show the incidence bundle is pulled back
from the product of Chow varieties in the case P = P".
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CONSTRUCTION 3.5. Let B be a base scheme, and P a smooth projective B-
scheme. Let s#!, 5#? denote the Hilbert schemes corresponding to numerical
polynomials qi, g2, and set 42 := ! x g A2,

Over each 7" we have a universal flat family, a closed subscheme of P x g J#*.
Denote by %; its pullback to P x g 57 L2 Standard facts about the behavior
of perfect complexes under certain operations (stability under tensor product;
pullback; and pushfoward via a proper morphism of finite Tor-dimension; and
the perfectness of a coherent sheaf on the source of a smooth morphism which is
flat over the target) imply Rpr23*((9%®LO%) is a perfect complex on 712,
For details on the necessary facts about perfect complexes, see section 2 of [20].
The incidence bundle £ is defined to be its determinant:

L := det yp1.2Rprys, (O, ®L(’)% ).

In fact we will be interested in this construction only on the locus Y|, defined
earlier in this section. Furthermore, since the complex Rpras, (O, ®LO%)
is acyclic over the locus Uy of disjoint pairs of subschemes, this construction
determines a Cartier divisor on the closure of the locus of disjoint pairs of
subschemes (the Hilbert scheme analogue of the locus U defined in 1.1). See
[20, 2.5].

As motivation for pursuing the determinant formula (mentioned in the Intro-
duction), we make contact with the classical construction of the Chow variety
of P = P". As explained in the Introduction, the construction of the Chow
variety endows the incidence locus .# — %;(P") x ¢ with the structure of
a Cartier divisor. Let FCpn : J(P") — % (P") denote the Hilbert-Chow
morphism (and its product with ¢). In the special case of Construction 3.5
with P = P" and #? = ¢, it follows from [5, Thms. 1.2, 1.4] that there is a
canonical isomorphism £ = FCpn*O(.#) of invertible sheaves on 7 x 4. This
isomorphism is canonical in the following sense. Over the locus Uy of disjoint
subschemes, there is a canonical trivialization £|y, & Oy,. This rational sec-
tion is the pullback via FCpn of the canonical trivialization of O(.#) on the
complement of 7.

SECTION 4. SEMINORMAL SCHEMES AND DESCENT CRITERIA

In this section we explain the role of seminormality both in defining the descent
datum and demonstrating its effectiveness.

DEFINITION 4.1 ([8]). A ring A is a Mori ring if it is reduced and its integral
closure A" (in its total quotient ring Q) is finite over it; if A is a Mori ring,
A" denotes its seminormalization, the largest subring A C A" C A" such
that Spec A*™ — Spec A is bijective and all maps on residue fields are isomor-
phisms. The seminormalization is described elementwise in [23, 1.1]. We say
A is seminormal if A = A®" (so we only define seminormality for Mori rings).
A locally Noetherian scheme X is Mori if and only if it has an affine cover by
Noetherian Mori rings [8, Def. 3.1].
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DEFINITION 4.2. Let A be a ring, and let S = {f, € x(y)|y € Spec A} be a
collection of elements, one in each residue field. Then we say S is a point-
wise function on Spec A. We say the pointwise function S varies algebraically
along (complete) DVRs if it has the following property: for every specializa-
tion p; C p2 in A and every (complete) discrete valuation ring R covering that
specialization via a ring homomorphism ¢ : A — R, there exists a (necessarily)

unique fr € R such that Gy, (fy,) = fr (in K) and gp.(fp.) = fr (in ko).
The main result of [19, 2.2, 2.6] is the following.

THEOREM 4.3. Let A be a seminormal (in particular, Mori) ring which is
Noetherian. Let {f, € s(y)ly € Spec A} be a pointwise function on Spec A
which varies algebraically along (complete) DVRs. Then there exists a unique
| € A whose image in k(y) is f, for all y € Spec A.

This simplifies greatly the problem of defining a descent datum for a line bundle
on a seminormal scheme, as seen in the following corollary.

COROLLARY 4.4. Let X be a seminormal locally Noetherian (in particular,
Mori) scheme, and let L, M € Pic(X). Then an isomorphism L = M is
equivalent to an “identification of fibers varying algebraically along DVRs,”
that is:

for any field or (complete) DVR R, any Spec R ER X, an iden-
tification By : f*L = f*M compatible with restriction to the

closed and generic points: if s — Spec R, n EN Spec R denote
the inclusions, then By, =i* B¢ and B; = 7% By.

Proof. Fix an open cover X = U; Spec S; with S; a seminormal (Noetherian
and Mori) ring which trivializes both L and M, and fix trivializations ¢; : L; :=
L|SpecSi = OSpecSi; ’(ﬁl : Mi = M|Spec S = OSpec S+ Then deﬁning L= M is
equivalent to identifying I'(Spec S;, L;) = T'(Spec S;, M;) as S;-modules (for all
1), compatibly with restrictions. Then considering the diagram:

(L;) — T(M;)

and its pullbacks to spectra of fields and DVRs, we see that relative to the
fixed ¢;,1;, a family By as in the statement is equivalent to an invertible
pointwise function on each S; varying algebraically along DVRs. By Theorem
4.3 this is equivalent to a family of elements f; € S;* = Isomg,(S;,S;). The
fi thus obtained agree on overlaps by the uniqueness statement in Theorem
4.3. Then using the above diagram again we see that relative to the fixed
trivializations, the family f; is equivalent to a family of isomorphisms I'(L;) &
['(M;) compatible with restrictions. O

We will need the following general fact later.
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LEMMA 4.5. Let X be a seminormal k-scheme andY — X a closed subscheme.
Suppose every y € Y admits a generization to a point in X —Y, i.e., that Y
does not contain any generic points of X. Let S be a pointwise function on X
which varies algebraically along DVRs covering specializations within X —Y,
and along those from X —Y toY. Then S varies algebraically along DVRs.

Proof. This follows readily from the techniques used in [19]. We may assume
X is affine. Let v : X¥ — X denote the normalization. Then our pointwise
function S determines a pointwise function on X* which is constant along the
fibers of v. The normalization is birational, so identifies generic points of X"
with those of X. Hence as a pointwise function on X", S varies algebraically
along specializations of the form n ~» x, with n generic. This is enough to
conclude S is induced by an element of I'(X", Oxv) (see [19, 2.4]). But then
because S is constant along the fibers of v, this element comes from I'( X, Ox)
and a fortiori varies algebraically along all DVRs. 0

As for the effectiveness of a descent datum, we recall the following result from
[20]. Let 7o : Xo — X be a proper hypercovering augmented towards a scheme
X. We denote by (L, ¢) an element of Pic(X,), i.e., £ is an element of Pic(Xj)
and ¢ : po*L = p1*L is an isomorphism on X satisfying the cocycle condition
on Xo. As in [20, 3.3], we say (L, ¢) € Pic(X,) is Zariski locally effective if
for every z € X, there exists an open U C X containing = and a trivialization
Ty Llry-1(v) = Or,-1(v) compatible with ¢ in the sense that the diagram

* po" T
P0* (Llro-1(1)) ——= Opo) 1 (mo—1(1)

o
* p1"T O
1" (Llrg-11)) == Q1) (o1 (1))
commutes.

PROPOSITION 4.6. [20, 3.4] Let X be a scheme, and let me : Xo — X be a
proper hypercovering augmented towards X which satisfies Ox = Te,(Ox,)-
Then:

o 7" : Pic(X) — Pic(X,) is injective; and
o the image of me* consists of those (L, ) that are Zariski locally effec-
tive.

Remark 4.7. The Proposition applies when X is seminormal and X, satisfies
any of the conditions in [19, 4.1 Corrigendum], for example the proper hyper-
covering 7, : Yo — C defined in 3.2.

SECTION 5. DEFINITION OF THE DESCENT DATUM

In this section we prove the main result, in the following form. Having estab-
lished this result, we will consider the refinements and further properties stated
in 1.1.
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THEOREM 5.1 (5.36,5.37). With the notation as in 3.2, let U — P x J
denote the (pullback of the) universal flat family. Using 3.5 we may form the
determinant line bundle £ on Yy. Now base change everything to U C C, the
closure of the locus of disjoint cycles. Then the following hold.

e The sheaf L lifts to an invertible sheaf on Y,, i.e., there is an iso-
morphism ¢ : po*L = p1*L on Y] satisfying the cocycle condition on
Ys.

o The descent datum ¢ is effective: there is a unique M € Pic(U) such
that (m*M, can) = (L, §).

SUBSECTION 5.1. NOTATION AND PRELIMINARY REDUCTIONS.

DEFINITION 5.2. Let P be a smooth projective k-variety of dimension n. A
Hilbert datum for P over T consists of the following:

(1) a seminormal k-scheme T';

(2) Z < Pr := P x;, T a T-flat closed subscheme of relative dimension a,
such that the support of Z has pure dimension a in every fiber; and

(3) W — Pr a T-flat closed subscheme of relative dimension b, such that
the support of W has pure dimension b in every fiber;

such that a + b+ 1 < n; and every point ¢t € T admits a generization to
the locus of disjoint subschemes. Thus a Hilbert datum (Z, W) is simply a
morphism T — J7, X 4 such that the image of every generic point of T lies
in a component of 7, x % with at least one pair of disjoint subschemes.
Typically we will make some construction from (Z, W) and then show the
construction only depends on [Z], [W], the cycles underlying Z and W. There-
fore we make the following definition. A Hilbert-Chow datum for P over T
is a pair of Hilbert data (Z, W), (Z’,W’) for P over T such that [Z] = [Z’]
and [W] = [W']. Since the supports of Z, W are assumed pure-dimensional,
we have also Supp(Z) = Supp(Z’) and Supp(W) = Supp(W’). Thus a
Hilbert-Chow datum (Z, Z', W, W’) for P over T is nothing more than a mor-
phism T — (J, x A, X, x@, Hao x H3)°" such that (after projecting to either
Ao x A, factor) every generic point of T' lands in a pair of irreducible compo-
nents with at least one pair of disjoint subschemes.

Because we work on the subscheme .77, of the Hilbert scheme, disjointness of
subschemes on 7, x ¢, corresponds exactly to disjointness of their associated
cycles on 6, X 6. In general, two subschemes could have disjoint associated
cycles but lower-dimensional components which coincide. So in the notation
above we have Z NW = if and only if Z/NW = 0.

Note that given a morphism S — T of seminormal k-schemes and a Hilbert-
Chow datum for P over T', by pullback we obtain a Hilbert-Chow datum for
P over S.

NoTATION 5.3. The structure morphism Pr — T will be called .

For F,G € Parf(Pr), we set fr(F,G) := detr Rﬂ*(f®Lg) € Pic(T).

If a is a b-dimensional cycle on Pr with o = > a;W;, we put fr(Oz,a) :=
@i(fr(Oz, 0w, )®*). In general we use the notation [—] to denote the cycle
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associated to a subscheme or coherent sheaf: this means the top-dimensional
components and their geometric multiplicities, even if, for example, b < n —
a — 1. (In fact we used this in the preceding definition.)

If T is affine and equal to Spec R, we may write fr for fr.

We will use the subscripts (=), and (—), to denote the base change of some
object to closed and generic fibers, respectively.

By the incidence Z N W, we mean the underlying reduced algebraic subset
Supp(Z) N Supp(W). Stated properties of Z N W will depend only on the
underlying supports Supp(Z), Supp(W).

GoAL. For every Hilbert-Chow datum, we aim to construct an isomorphism
<Z)§’Z/’W’Wl : fr(Oz,0w) =2 fr(Oz,Ow:) varying functorially in 7', in such
a way that the resulting descent datum {¢r} is Zariski locally effective. The
essential caseisb=n —a — 1.

PROPOSITION 5.4 (reduction to fields and DVRs). To define an isomorphism
o1 fr(Oz,0w) = fr(Og,Ow:) for each Hilbert-Chow datum, for all smooth
projective P, so that for each P, the collection {¢r}

(1) is compatible with base change S — T'; and
(2) satisfies the cocycle condition;

it is sufficient to define an isomorphism ¢ for each Hilbert-Chow datum with
T the spectrum of a field or complete DVR, compatible with base change among
fields and complete DVRs, and satisfying the cocycle condition on fields.

Proof. This is a consequence of 4.4. O

PROPOSITION 5.5 (reduction to the diagonal). To define an isomorphism ¢ :
fr(Oz,0w) = fr(Oz,Ow:) for each Hilbert-Chow datum, for all smooth
projective P, so that for each P, the collection {¢r}:

(1) is compatible with base change S — T';

(2) satisfies the cocycle condition; and

(3) is Zariski locally effective;
it is sufficient to define an isomorphism ¢ for each Hilbert-Chow datum with
W = W', for all P, so that for each P, the collection {¢r} has the stated
properties.

Proof. On P x P x T, let Oa denote the structure sheaf of the diagonal (xT),

i.e., the image of the closed immersion P x T AXIt  p oy px T. Given T-

flat closed subschemes Z, W < P x T, we let Z x W — P x P x T denote
the scheme-theoretic intersection prisZ N pri;W. Then there is a canonical
isomorphism of line bundles on T: fr(Oz, Ow; P) = fr(Ozxw,Oa; P X P).
Then the proposition follows from the fact that the Hilbert-Chow morphism is
compatible with products (3.4). O

Remark 5.6. We may even assume W is constant, i.e., there is a k-subscheme
Wy, such that W = Wy, x4 T'; and we may assume W is integral (even smooth).
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NoOTATION 5.7. When W and W' are omitted from the notations, this means
w=Ww.

We start with some easy cases of our goal.

LEMMA 5.8. Let (Z,W) be a Hilbert datum over any base T such that ZNW =
(). Then there is a canonical trivialization p% : fr(Oz,Ow) = Or which is
compatible with base change.

Proof. The hypothesis implies (’)Z®LOW, hence also Rﬂ*((’)Z®LOW), is
acyclic. The pullback via S — T is also acyclic, and the trivialization of
the determinant of an acyclic complex is compatible with base change. O

Remark 5.9. The canonical isomorphism ¢ of the lemma has an additivity
property in each variable. For example, if F; — F» — F3 —1! is a distin-
guished triangle in Parf(Pr) such that Supp(F;) "W = (@ for all 4, then the
isomorphism fr(F1, Ow)® fr(Fs, Ow) = fr(Fz, Ow) induced by the triangle
corresponds, via the identifications cp;—", to multiplication Or ® O — Op.

COROLLARY 5.10. Among Hilbert-Chow data satisfying ZNW = Z'NW =),
there exists a collection of isomorphisms qﬁ?z D fr(Oz,0w) = fr(Oz, Ow)
which is compatible with base change and satisfies the cocycle condition.

/. s —1
Proof. We define 27 W .= (02 0% : fr(Oz,O0w) = fr(Oz/, Ow) to be
the composition of the canonical trivializations. This is compatible with base
change because each @% is. We check the cocycle condition:

-1

Z’,Z”;W Z,Z,;W no—1 ’ ’ o —1
T op7 2 = (9% ) opF )o((¥F) opf) = (pF)

z . 2,7"wW
o = ¢ :

O

From now on we keep the collection {¢r} whose existence is asserted in 5.10.
The idea is to gradually extend it to a collection over Hilbert-Chow data with
increasingly complicated incidence structure, until we have covered the whole
moduli space. Note that an isomorphism of line bundles on a reduced (e.g.,
seminormal) scheme is determined by its restriction to generic points (i.e.,
points of depth 0). Since our base T is always reduced, when we have defined
an isomorphism ¢ for a more general class of Hilbert-Chow data, to check
agreement with previously defined isomorphisms it suffices to check agreement
on generic points.

LEMMA 5.11. Let (Z,W) be a Hilbert datum over T, and suppose that (Z N
W), =0 for all generic points n € T. (This holds, for example, whenever Z
and W intersect properly on Pr.) Then there exists a Cartier divisor Dz w on
T and a canonical isomorphism @% : fr(Oz,0w) = Op(Dzw) characterized
by agreeing with the trivialization gag” for every generic point n € T. When
ZNW =0, Dzw = 0 and % is the canonical trivialization. The formation
of the divisor Dz w and the isomorphism ga% are compatible with base change
S — T preserving the generic disjointness.
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Furthermore, the formation of Dzw s additive in each wvariable: if Fi —
Fo — F3 =T is a distinguished triangle in Parf(Pr) such that (Supp(F;) N
W), = 0 for all generic points n € T, all i; then Dr, w + Dy, w = Dy, w;
and the triangle induces, upon application of cp;*, the canonical isomorphism
Or(Dr, w) @ Op(Dr,w) = Op(Dr,w). Similarly we have an additivity
property in the variable W .

Proof. To see the generic disjointness is satisfied when Z and W intersect prop-
erly, note that Z (resp. W) has codimension > b+1 (resp. > a+1) in Pp, hence
Z N W has codimension > a + b+ 2 in Pp. Therefore dim(Z N W) < dim(7T),
so the support of OZ®LOW cannot dominate any component of T'. The hy-
pothesis on the incidence means the construction of [12, Ch.II] applies. The
compatibility with base change is a consequence of [12, Thm.3(v)]; and the
additivity is inherited from [12, Thm.3(ii)]. O

Remark 5.12. Our essential task is to show that given a Hilbert-Chow datum
(Z, Z’, W), we have DZ,W = Dzljw.

SUBSECTION 5.2. MOVING LEMMAS.

PROPOSITION 5.13. Let (Z,W) be a Hilbert datum over T the spectrum of a
local ring, with W = Wy, x T for a b-dimensional k-scheme Wy, and suppose
(ZNW), =0 for every generic point n € T. Then there exist subvarieties
Bi,...,B, C P of dimension b+ 1, M; € Pic(B;), and short exact sequences:

OﬁMiiOBi%Qgﬁo

0— M, == 0p, Q' -0
such that:

(1) (Z N Supp(Q2)), =0 for all i, all generic n; and
(2) the b-dimensional cycle W]+ >,((Q4] — QL)) is disjoint from Z.

Proof. We let Z denote the cycle over the closed fiber of T'. By Chow’s moving
lemma [16;, Thm.], we can find a cycle « rationally equivalent to [Wj] and
satisfying o N Zg = (J; hence also a N Z = () on Pr. This shows we can achieve
the second property; the issue is to show we can move W in such a way that
the first property is satisfied.

Suppose we have a closed immersion P < P?"*1. Then every step in moving a
cycle involves essentially two choices: a linear space L = P" «— P?"*1  disjoint
from P, from which projection induces a finite morphism 7y : P — P"; and
an element g € PGL(n+1). The excess intersection e(Zy, m5 7L [W] — [W]) is
smaller than e(Zy, [WW]) for generic L; and 7} (¢ - 7, W) is disjoint from Z for
generic g.

If (ZNW), = 0 for all generic points n € T, then for generic choices of L, g, we
have (Z N7} (9 70 [W]))y = (Z N7} (mr.[W]))n = 0. The Q.s are supported
in subsets of the form 73 (¢ - 7, W) and 7} (7, W), hence the result. ]
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We need a slight variation for subvarieties W as in 5.13 of dimension strictly
smaller than n — a — 1; eventually we need that such subvarieties do not con-
tribute to Dz w .

PROPOSITION 5.14. Let (Z,W) be a Hilbert datum over T a base of dimension
<1, with W = Wy, x, T for a k-scheme Wy, and suppose (Z N W), =0 for
every generic point n € T'.

Suppose further that dim(Wy) = b < n — a — 2. Then there exist subvarieties
Bi,...,B, C P of dimension b+ 1, M; € Pic(B;), and short exact sequences:

0 M; 2% Op, — Q) =0

OAMZ-S;*»OBI.%Q?)O%O
such that:
(1) (ZN B;), =0 for all i, all generic n; and
(2) the b-dimensional cycle W]+ >",((Q4] — QL)) is disjoint from Z.

Remark 5.15. The first condition in the conclusion implies (ZNSupp(QL)), = 0
for all 7, all generic 7.

Proof. Again we are intersecting a finite number of open conditions. Without
loss of generality we may assume Wj is an integral subscheme of dimension
n—a— 2. Let pri(Z) < P denote the “sweep” of the family Z (with the
reduced structure); this is a subscheme of dimension < a + 1.

Now pri(Z) and W}, are not expected to meet, and we have an open dense
U C T such that pri(Zy) N Wi, = 0. For a generic finite morphism
7w : P — P" (as in the proof of 5.13) we have, possibly after shrinking U, that
m(pr1(Zy)) N (W) = 0; and that the pair (Z, 7*m.(W)) — W}) has smaller
excess intersection than does (Z, Wy). Now we move 7, (W) along a general
smooth (affine) rational curve C' — PGL(n + 1). Let % — P™ x C note the
total space of the resulting family,

Write 2 = > m;Y;, and let Yif L'y P x P! denote the flat limit of the family
Y; <+ P* x C. Then &1l .= ZmiYZﬂ is the unique way to complete % to a
family of cycles over P. Let prqi (% f l) — P be the sweep; this is a subscheme
of dimension n — a — 1. Choose some ¢t € T such that Z; N W, = (). For a
general choice of C, since dim(Z;) + dim(#Z /') = a + (n —a — 1) < n, we will
have 7(pr1(Z:)) N %7 = (. Hence the disjointness holds on an open dense
of T. This process can be iterated until we have a cycle a ~ Wy such that
pri(Z)Na = 0.

The subvarieties B; < P lie in subsets of the form 7=1(# /). (This follows
from the proof that flat pullback preserves rational equivalence [7, 1.7].) Since
a general % /! used in one step of the moving process is disjoint from a general
member of the family 7, this holds after pullback by 7 as well. O

SUBSECTION 5.3. GROTHENDIECK-RIEMANN-ROCH.

LEMMA 5.16. Let T' be the spectrum of a field, and suppose F,G € Parf(Pr)
satisfy dim(Supp(F)) + dim(Supp(G)) < n = dim(P). Then x(FolG) = 0.
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Proof. Since F,(Ko(P)) is generated by [Oy|, V C P a subvariety of dimension
< a [7, Ex. 15.1.5], we may assume F,§ are structure sheaves of subvarieties
of dimensions a, b respectively, with a + b < n.

Now since P is smooth, any coherent sheaf has a finite length resolution by

finite rank locally free sheaves, so we may apply [7, 18.3.1 (c¢)] to the closed
immersion ¢ : V — P with 8 = Oy. This gives, in the Chow group A, (P):

ix(ch(Oy)NTd(V)) = ch(i.Oy) N Td(P).
As ch(Oy) =1 and Td(V) = [V] 4 ry with ry € Ao (V), the left hand side
lies in A<, (P).
Since P is smooth, A?(P)NA4(P) C Aq—p(P) by [7,8.3 (b)]. As Td(P) = [P]+
rp with rp € A, (P), by equating terms in each degree, we find ch(i.Oy) €
AZn=a(p),
By Grothendieck-Riemann-Roch (for the smooth P, as in [7, 15.2.1]) and the

action of ch on ®, X(]-‘®Lg) = [ ch(F)-ch(G)-Tdp. Here - means intersection
product of cycle classes. The first possible nonzero term in ch(F) - ch(G) would
come from chy,,_q(F) - chy—3(G), but this term is zero for degree reasons. [

PROPOSITION 5.17. Let T be the spectrum of a field, and Z — Pr an a-
dimensional subscheme. Let M, N € Coh(Pr) be invertible sheaves on some
subvariety of Pr of dimension < n — a, and suppose we have exact sequences:

0—-M3N—-Q,—0
O—>Mi>N—>Qt—>O
such that Z N Supp(Qs) = Z N Supp(Q¢) = 0.

Then the unique az € I'(T, OF) making the following diagram commute:

Jr(02.Q) —F1 o,

via S\L

(fr(Oz, M) @ fr(Oz,N) ay
Uz‘atT
fr(O0z,Q:) i Or

depends only on [Z], i.e., ay = ay if [Z] = [Z'].

Proof. To prove the claim it is equivalent to show that the difference between
fA®s), flet): fr(Oz, M) = fr(Oz,N) depends only on [Z].

STEP 1. By taking a filtration of Oz such that the graded pieces are isomorphic
to (twists of) structure sheaves of subvarieties, and using the additivity of the
determinant on filtrations, we are reduced to showing that if 7 € Coh(Pr) with
Supp(F) C Supp(Z) and dim(Supp(F)) < a — 1, the induced isomorphisms
faA®s), f(let): f(F,M) = f(F,N) are equal. (Such a filtration exists by
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[11, 1.7.4].) The subquotients of the filtration of Oz depend on the filtration
chosen, but the top-dimensional components always appear with their correct
multiplicities, i.e., the cycle [Z] can be extracted from the filtration.

STEP 2. Let QQu denote the cokernel of the universal Op-homomorphism
M — N; note Qu is flat over Homp, (M, N) \ 0 since a morphism between in-
vertible sheaves is either injective or zero, hence the Euler characteristic of every
cokernel is x(M) — x(IN). We consider the line bundle det R, (p} (.7:)®LQU)
on Homp, (M, N)\ 0. Its fiber over s € Homp, (M, N) is precisely f(F,Qs).
Since Qs = Qs for A € I'(T, OF.), we consider det R, (p} (.7:)®LQU) as a line
bundle on the projective space P(Home, (M, N) \ 0).

We claim this line bundle is trivial. To prove this it suffices to show it is trivial
along a line P! & [ < P(Home, (M, N) \ 0). For this purpose Grothendieck-
Riemann-Roch (i.e., ignoring torsion) is adequate. More precisely, we consider
the GRR diagram:

ch(—)-Td(P)-Td(L)

Ko(P x L) AP x L)
lRﬂ'* lﬂ'*
ch(—)-Td(L)
Ky(L) A, (L)Q
| ”
det
Pic(L)

We have dim(Supp(p;(F))) < a,dim(Supp(Qu)) < n —a, and dim(P x L) =
n + 1. Hence ch(pi(F)) - ch(Qu) = 0 in A.(P x L)y for degree reasons
(as in the proof of 5.16), so p*{(}')@LQU € Ko(P x L) maps to 0 in the
top row. Hence c¢;(det R, (p} (f)@LQU)) is a torsion class, and therefore
det R, (p7 (.F)@LQU) is trivial.

SteEpP 3. For s € Homp,(M,N) \ 0, consider the induced identification
f(s) : f(F,Qs) @ f(F,M) = f(F,N). Since f(F,Qs) is canonically triv-
ial, i.e., the trivialization induced by Supp(F) N Supp(Qs) = @ extends over all
Homop, (M, N) \ 0, we consider f(s) as an isomorphism f(F,M) = f(F,N).
Since X(.F@LM) = X(.F@LN) = 0 by 5.16, we have f(s) = f(\s) for
A € I(T, O%). Therefore we have a commutative diagram:

Hom(M, N)\ 0 -22L som(f(F, M), £(F, N))

e

P(Hom(M, N)\ 0)

But there are no nonconstant functions on P(Hom(M, N) \ 0), hence f(s) =
f@): f(F, M) = f(F,N).
U
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SUBSECTION 5.4. FURTHER PROPERTIES OF Dy yy. Assuming the base and
incidence are optimal, we can already prove the following important property
of DZ,W-

PROPOSITION 5.18. Let (Z,Z',W) be a Hilbert-Chow datum over a normal
base T, and suppose the incidence Z NW satisfies:

(1) (ZNW), =0 for all generic points n € T'; and

(2) ZNW is finite over all points of depth 1 in T.
Then the Cartier divisors Dz w, Dz w are equal.

Proof. Since the smooth locus of T contains all points of depth 1, and the
formation of Dz w is compatible with the inclusion 7" C T, we may assume
T is smooth. For T regular there is a canonical isomorphism [12, Prop. 8]:

(71)p+q

(07, 0w) = 8, (detr Rir, (H (078" Ow)))
To calculate the coefficient of a depth 1 point ¢t € T in Dz w, we may replace

T with the spectrum of the DVR Or;. Then the support of HP(OZ®L(’)W)
is finite over T' (indeed, over t), so in the displayed expression only the terms
with ¢ = 0 can contribute.

By [12, Thm.3(vi)], the multiplicity of a depth one point is determined by the

sum (fl)lﬁt(Hi(Rﬂ*(OZ®LOW))). This last sum is equal to
N (D) lu(mH (0780 0w)) = ([degm)( Y (~1)"tw (HP (020 0w)),

7 p,t'—t

hence it suffices to show ¥(Oz) := 3", ,, (—=1)"ly (’H”(OZ@)LOW)) depends
only the underlying cycle [Z]. We remark that if Z and W are integral and
b =mn —a — 1, then the contribution of a point ¢’ (lying over t) to v(Oz) is
exactly Serre’s Tor-formula for the intersection index of Z and W at t' [22,
V.C.Thm.1(b)].

Without loss of generality we assume W is integral and dim(W) = b =n—a—1;
we will see in the proof all sums are 0 if b < n—a—1. Given an exact sequence
0 — F1 — Fo — F3 — 0 of coherent sheaves on Pr with support of relative
dimension < a and satisfying the incidence hypothesis with respect to W, by
the long exact cohomology sequence we obtain y(Fy) +7(Fz) = v(Fz). It then
follows ~y is additive on filtrations.

Write [Z] = >, a;Z;. Again by [11, 1.7.4], the sheaf Oz admits a filtration
whose subquotients are invertible sheaves L; on subvarieties contained in Z;
and each top-dimensional component Z; appears exactly a; times. Since every
L; is some tensor power of a very ample class on Pr, we may assume there is
either an injective map Oz, — L; or an injective map L; — Ogz,. Therefore
Y(Oz) = >, 7(Li) = >, aiv(Oz,) modulo summands of the form ~(F) where
F is a sheaf on Pr whose support over the generic point of 7" has dimension
< a—1. So it suffices to show 7 vanishes on sheaves of this type. Again we
may assume JF is isomorphic to the structure sheaf of a subvariety ¥ < Z in
Pr. Note that dimY < a, else, being contained in Z, Y would dominate 7" and
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have all fibers of dimension > a; and then Y would contribute to the cycle [Z]
of Z.

There are two cases to consider: if Y N W = (), then ~(F) = 0 since Foloy
is acyclic. If Y N W # (), then the intersection Y N W is improper, and the
Tor-formula vanishes at components of improper intersection (due to Serre in
the equal characteristic case [22, V.C.Thm.1(a)]). O

Remarks 5.19. (5.19.1) The proof shows the relation between the incidence
line bundle and Serre’s Tor-formula for intersection multiplicities; and also that
our construction agrees with Mazur’s at least on the normalization of the locus
U’. Thus the essential tasks are to extend the divisor through the locus where
the expected incidence condition (the hypothesis in 5.18) fails, and to remove
the assumption of normality.

(5.19.2) The assumption (C2) of [4] is that the incidence is generically finite
over, and nowhere dense in, its image in the base S. These assumptions imply
the map S — 6, (P) X €p—q—1(P) factors through U’

(5.19.3) Considering the GRR diagram as in the proof of 5.17 with L replaced
by a general regular base T', one sees that the first Chern class of the incidence
line bundle f7(Oz, Ow) modulo torsion depends only on the underlying cy-
cles [Z], [W], independent of any assumption of properness of intersection. By
contrast in 5.18 we have the result integrally.

(5.19.4) We may write Dyz) w in the case we have a Hilbert datum as in 5.18,
e.g., with proper intersection over a regular base 7.

COROLLARY 5.20. Among Hilbert-Chow data:

(1) over normal bases T'; and
(2) such that Z,W (and hence Z',W ) are generically disjoint and have
finite incidence over points of depth 1 in T';

there exists a collection of isomorphisms (;5?’2/ D fr(Oz,0w) = fr(Ogz, Ow)
which:
(1) is compatible with base change preserving the incidence condition (2);
(2) satisfies the cocycle condition; and
(3) agrees with the collection on disjoint families defined in 5.10.

Proof. We define (;5?’2/ = (cp%/) o ¢? 1 fr(0z,0w) = Or(Diz1w) =
Jr(Oz,Ow). O

CONSTRUCTION-NOTATION 5.21. We continue with the Cartier divisor
Dz w — T associated to a Hilbert datum (5.11). For Z < Pp a T-flat family
of a-dimensional subschemes of P and s € Zxq, let Coh<g.z, (P) denote the
abelian category of coherent sheaves G on P such that dim(Supp(G)) < s and
(Z N Supp(G)), = 0 for all generic points n € T. For G € Coh<y—q—1,2,(P),
we obtain a Cartier divisor Dzg <+ T and a canonical isomorphism
Jr(0z,G) =2 Or(Dzg).

We denote by K5%(P) the Ko-group of the abelian category Coh<y,z, (P): we
take the free abelian group on sheaves in Coh<g.z,. (P), then impose relations

-1
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from short exact sequences whose terms all lie in Coh<g.z, (P). Let CDiv(T)
denote the group of Cartier divisors on 7.

We summarize some elementary properties of this construction in the following
proposition.

PROPOSITION 5.22. (1) The map Dy _ : Coh<p_q_1,2,(P) — CDiv(T)
defined by G — Dzg descends to a homomorphism K~ *"“4(P) —
CDiv(T) (which we also denote by Dz _).

(2) If f : S — T is a morphism and G € Coh<s.z,(P), then f*(Dzg) =
Dz g as divisors on S.

(3) If G € Coh<p—q—1.2,(P) satisfies ZNG =0, then Dz g = 0.

(4) If G € Coh<g,z,(P) and the divisorial part of the family Z — Prp is
trivial (i.e., a < dim(P) —2), then Dz ¢ = 0.

Proof. The first three properties follow immediately from the additivity, com-
patibility with base change, and compatibility with the trivialization of an
acyclic complex, of the associated divisor construction discussed in Section 2.
To prove the last property, by the first property we may assume G is the struc-
ture sheaf of a zero-dimensional subvariety W < P. (If k = k, this is just a
single closed point, but we give an argument here valid for any T-flat family
W — Pr of zero-dimensional subschemes, such that W is integral.)

By [20, 5.3] there is a canonical isomorphism:

dety R, (020YG) = (detrm,G)™ 771 @ detr (m. (detp, (O2)w)).
Since the divisorial part of Oz was assumed to be empty, the line bundle

detp, (Oz) is canonically trivial; and rk(Oz) — 1 = —1. Therefore the right
hand side is canonically trivial, so Dz g = 0. (|

Remark 5.23. In case a = dim(P) — 1, we refer to [20]. The reduction to the
diagonal shows we may assume dim(P) = 1 or a < dim(P) — 2; but to the
extent we rely on (4) in 5.22, we must understand the case of zero-cycles and
divisors.

PROPOSITION 5.24. Suppose T' has dimension <1 and G € Coh<yp—_q—2.2,(P).
Then Dz g = 0.

Remark 5.25. The condition Dz g = 0 is equivalent to the canonical trivializa-
tion (induced by the generic acyclicity of R, (O Z®Lg)) extending over all of
T.

Proof. We may also assume G is the structure sheaf of a subvariety W < P of
dimension b < n — a — 2, as these sheaves generate the Ky-group.

Since Dz g = 0 for dim(Supp(G)) < 0 (again by 5.22), it suffices to prove the
following claim: if Dz g = 0 for all G € Coh<p_1,z(P), and 1 <b<n—a—2,
then Dy g =0 for all G € Coh<p.z(P).

We prove this claim: by 5.14 there are short exact sequences:

0— M; 2% Op, — Q) =0

DOCUMENTA MATHEMATICA 16 (2011) 513-543



534 JoserH ROSS

OAMZ-S;*»OBI.%Q?)O%O
in Coh<;,—q—1,7, (P), such that the b-dimensional cycle W + >, ([Q§] — [Q%.])
is disjoint from Z.
If [Q] = >, a;W;, then we write Dz g := > ;a;Dzw,. The short exact
sequences give >, Dy o =3, Dz qi_ in K{J™* 5%(P). Furthermore the dif-
ference Q% — [Q1] lies in Fy—1(Ko(P)).

But then

Dzw = Dzw +>(Dzqi — Dzq: ) from the SES

= Dzw + >i(Dzqi) — Dzjqgi]) since we assumed Dz_ vanishes on
Fy1(Ko(P))

=Dz wix.(10i)-1@i]) = 0 by the disjointness from Z. O

COROLLARY 5.26. Suppose T is normal and G € Coh<yp_q—2.2,(P). Then
DZ,Q =0.

Proof. For t € T of depth 1, the formation of Dz g is compatible with the
morphism g¢; : SpecOr; — T. By 5.24, we have ¢gf(Dzg) = 0 for all such
t. Since Dgzg is determined its restriction to points of depth 1, the result
follows. 0

PROPOSITION 5.27. Suppose T is seminormal and G € Coh<p_q—2.2,(P).
Then Dz g = 0.

Proof. The formation of the divisor Dz ¢ is compatible with the (finite, bi-
rational) normalization morphism v : TV — T. By the previous result we
know local equations for v*(Dz ) are units. We need to show these units are
constant along the fibers of v. Suppose t € T has branches by,...,b, in T".
For each b; there exists a DVR R; and a morphism g¢; : Spec R; — T such
that: R; has residue field k(t), and g; covers a generization of ¢ to the locus
of subschemes disjoint from Supp(G). Denote by S the union of the Spec R;s
glued along Spec k(t). Then we have a morphism g : S — T, and by 5.24 we
conclude g*(Dzg) = 0. The corresponding trivialization fs(Oz,G) = Og is
our candidate for extending the trivialization through t.

Let Exc(v) < T denote the locus over which v is not an isomorphism, and let
Ig — T denote the locus of subschemes Z such that Z N Supp(G) # 0. Set
U :=T — (Exc(v) NIg). Then we have a trivialization ¢y : fu(Oz,G) = Oy,
and this extends to prv : frv(O0z,G) & Opv. For t € U, we constructed in
the previous paragraph the isomorphism tg : fs(Oz,G) = Og, which we may
restrict to ¢. Together these define a pointwise trivialization fr(Oz,G) = Or,
i.e., a nonzero element in every fiber of the line bundle fr(Oz,G). We form
the cartesian diagram:

v

SVgﬁTV

S——=T
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Since the formation of Dz g is compatible with all of the morphisms ap-
pearing in this diagram, we obtain (v|s)*(ts) = (¢*)"(¢7+). It then follows
prv is constant along the fibers of v, hence it descends to a trivialization
ot fr(Oz,G) = Or. O

COROLLARY 5.28. Suppose T is seminormal and G € Coh<y_q_1.2,(P). Then
DZ,Q = DZ,[Q]-

Remark 5.29. For T smooth and G € Coh<y_4_2.2,(P), one can deduce the
line bundle fr(Oz,G) is trivial as follows. The filtration of the Ky(X)-group
by dimension of support is compatible with multiplication, if X is a smooth
quasi-projective scheme over a field [9, Exp.0 Ch.2 Sect.4 Thm.2.12 Cor.1].
From Oy € Fa—i—dimT(KO(PT)) and G € Fn—a—2+dimT(KO(PT)) it follows that
028G € Fyimr_a2(Ko(Pr)). Therefore Rm,(0201G) € Fyunr—2(Ko(T)),
and hence fr(0z,G) = Or.

For a general base T, this reasoning is valid rationally, hence we can conclude
fr(Oz,G) is a torsion line bundle.

Since the dimension filtration’s compatibility with multiplication can be viewed
as a consequence of the moving lemma, in some sense we have given this proof.
Because we need to keep track of the trivialization and not just the abstract
invertible sheaf, we work with Cartier divisors rather than line bundles.

COROLLARY 5.30. Let (Z,W) be a Hilbert datum over any base T such that
(ZNW), =0 for every generic point n € T. Suppose further that W =
Wi xi T for a k-scheme Wy, with [Wy] =, a;W;. Then there is a canonical
isomorphism fr(Oz,Ow) = ®;(fr(Ogz, Owi))®a*.

SUBSECTION 5.5. APPLICATION TO THE INCIDENCE LINE BUNDLE.

CONSTRUCTION 5.31. The facts 5.13 and 5.30 produce a construction; in the
description we suppress the base T' and we use f(—) := f(Ogz,—) as before,
since the first factor is constant. We use the identification of 5.30: f(Ow) =
@i(f(Ow,)®" =: f([Ow]). (In our situation W is a Cartier divisor on a
(b + 1)—dimensional subvariety B < P with [W] =3, a;W;.)

Now given (Z, W); Bi, Mj, s , as in 5.13, let f(s.) : f(M) ® f(Q«) = f(Op)
denote the isomorphism induced by the short exact sequence. We set

o= [W] +Z([Q6] ~ QL))

to be the moved b-dimensional cycle. Then we have a canonical isomorphism

f([Ow]) ® (@i f([Q4) = f(a) @ (@i f ([QL]))-

Let %, : f([Ow]) = f(@) be the unique isomorphism making the following
diagram commute:

F(Ow]) @ (@:(f(1QY]) ® (M) —= f(e) @ (@i(f([QL)) ® F(M;)))
ll@(@ﬁ(sé)) ll@(@ﬁ(s;))

B a®1

f(Ow]) ® (@i f(0B,)) fla)® (2if(0p,))
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In the top row, we tensored the canonical isomorphism with the identity on
the f(M;) factors.

This construction extends the collection {¢7} to spectra of local rings 7.

PROPOSITION 5.32. Let (Z,Z',W) be a Hilbert-Chow datum over T the spec-
trum of a local ring with W = Wy, x T, and suppose (ZNW ),y = (Z'NW ), =0
for all generic points n € T. Suppose subvarieties By,...,B, C P and short
exact sequences as in 5.18 have been chosen. Then the isomorphism.:

(9?50 8% ) o (9% 0 Bl .) : fr(Oz,Ow) =
= fr(Oz,a) =07 = fr(Oz,a) = fr(Oz,0w)

is independent of the choice of move: given another collection of data
(Bi, M;, s'0,00) producing a b-dimensional cycle & (also disjoint from Z), we
have:

o ’ —1 o & ’ &
(7% 0 B) o (P 0B ) = (70 BE ) o (0% 0B ).

’ / 71
Furthermore (o7 0 B, ) ~ o (9% o Bf;, ) agrees with the canonical iden-
tifications at every generic n € T. If in addition T is the spectrum of a reg-
ular local ring and the incidence Z N W satisfies the hypotheses of 5.20, then

Z,Z’ /. ’ —1 )

077 = (970 Bfa) o (9P 0 B ..

Proof. We claim any choice of moving data produces the canonical isomor-
phism over the generic points of 7. Now 5.17 shows the choice of short exact
sequences affects the map @7 o (ﬂg‘/’o‘)n : fa(Oz,0w) = £,(0z,0) = O,
by a constant depending only on [Z], and this is exactly canceled by the map
back to fr(Oz,Ow). In other words, since az = ayz, the following diagram
commutes.

-1

-1

pZ7'
ez - 2w
fa(Oz,0w) Oty Or,y fn(Oz,0w)
<55V,a>nl azl laz/ l(ﬁ%)n
fn(OZaa) Za OTJI = OTJ? o fn(OZ’va)

n n

From this our claims follow: two choices of moving data produce isomorphisms
which agree at the generic points of T', hence they agree; and the isomorphism

d)g’zl for T regular is characterized by agreeing with the composition of the
canonical trivializations over the generic points of 7. O

COROLLARY 5.33. Among Hilbert-Chow data over bases T satisfying:

(1) T is either regular, or local; and
(2) all generic points of T correspond to disjoint subschemes;
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there exists a collection of isomorphisms {¢r} which:

(1) is compatible with base change preserving generic disjointness;
(2) satisfies the cocycle condition; and
(3) extends the collection of 5.20.

Proof. To see our construction commutes with base change preserving generic
disjointness, note that moves valid over T (i.e., producing Sw..) pullback via
S — T to suitable moves on S. The cocycle condition (an equality of two
isomorphisms of line bundles on a reduced scheme) holds at the generic points,
hence it holds everywhere. 0

The previous corollary provides us an isomorphism f;(Oz, Ow) = fs(Oz, Ow)
for a Hilbert-Chow datum over s the spectrum of a field corresponding to a
point in the incidence locus, namely the restriction of the isomorphism over
the local ring, possibly followed by a field extension. In the next proposition
we observe this is compatible with specializations from the locus of disjoint
subschemes into the incidence locus.

PROPOSITION 5.34. Let (Z,Z',W) be a Hilbert-Chow datum over s the spec-
trum of a field k(s) corresponding to a point of incidence, i.e., ZONW,Z'NW #
0. Let (Zr,Z, W) be a Hilbert-Chow datum over T the spectrum of a DVR
covering a generization from s to the locus of disjoint subschemes, and with
To = s. Then the isomorphism

can,

fs(Oz,0w) — fr(Oz.,0w) X1 s

Z, Z)
(¢TT T)XTS

Jr(Oz,,0w) x1 5= f(Oz,0w)

is equal to the isomorphism induced by ¢r := Pspec r, where (R, m, K = R/m)
is the (seminormal) local Ting of the image of s on (H, x«, 7#,)°". In other
words, the previously displayed isomorphism is equal to (—) @k k(s) of the
following isomorphism:

fx(Oz,0w) = fr(Oz,,Ow) ®r K

/
ZR. 2

(¢R )®RK

fr(Oz;,,Ow) ®r K < fx(Oz, Ow).

In particular, if we generize to the locus of disjoint subschemes and then re-
strict, the resulting isomorphism at s is independent of the choice of generiza-
tion.

Proof. Since the collection {¢r} is compatible with base change preserving
generic disjointness, we may replace R by R/I for some ideal I C R such that
R/I is a local domain whose generic point Spec L is the image of the generic
point of T'. Therefore we have commutative squares:
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T—> H(Tn)
]I E—— F(T, OT)

l
()

To show ¢rx T = ¢, it suffices to show they agree at n, i.e., that (ppx gT) X1
n = ¢ xrn. But this is equivalent to (¢r) X ,n = ¢y, which is a consequence of
the compatibility with base change on pairs of disjoint subschemes (5.10). O

K———k

COROLLARY 5.35. Among Hilbert-Chow data satisfying at least one of the fol-
lowing conditions:

(1) the conditions of 5.33;
(2) the base T is a field;

there exists a collection of isomorphisms {¢r} which:

(1) satisfies the cocycle condition;

(2) extends the collection of 5.33 (so is compatible with base change pre-
serving generic disjointness); and

(3) is compatible with specialization from the locus of disjoint subschemes
to the incidence locus.

Proof. The compatibility with specialization is built into the construction. The
new feature to check is the cocycle condition on field points mapping to the
incidence locus. But if the cocycle condition holds after generization and the
covering isomorphism is compatible with base change, then the collection must
also satisty the cocycle condition at new (field) points. a

We augment 5.35 to include specializations fully within the incidence locus,
hence we have the first part of 5.1.

THEOREM 5.36. Among Hilbert-Chow data satisfying at least one of the follow-
ing conditions:

(1) the conditions of 5.33;

(2) the base T is a field;

(3) the base T is a DVR;
there exists a collection of isomorphisms {¢r} which:

(1) satisfies the cocycle condition;

(2) extends the collection of 5.35 (so is compatible with base change pre-

serving generic disjointness); and
(3) is compatible with arbitrary specialization.

Therefore, in the notation of 5.1, the incidence bundle L € Pic(Yy) lifts to an
element (L, ¢) € Pic(Ys).
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Proof. This follows from the general lemma 4.5, the preceding result 5.35, and
the hypothesis that T is seminormal. O

Now we conclude the proof of 5.1.

THEOREM 5.37 (Zariski local effectiveness). The element (L, ¢ = {¢r}) of 5.30
is Zariski locally effective: for any cycle (z,W) € U C 6, x €, there exists an
open subscheme V. C U containing (z, W) and an isomorphism t : £|W;1(V) =
Oﬂ_;l(v) which is compatible with ¢. Therefore, the incidence bundle L descends

to U.

Proof. This structure is built into the definition of the descent datum ¢ = {¢7}.
By 5.5 we may assume W is fixed. Suppose z and W are disjoint. Then W is
disjoint from all cycles in a neighborhood V' of z, and also from all subschemes
in Vp = WJI(V) C . We let Zy, — P x V; denote the corresponding

family. On Vj we use the canonical trivialization @‘Z/:‘) : fvo(Ozy,,Ow) =
dety, (Rm.(Oz,, ®LOW)) = Oy, induced by the acyclicity of Oz, Loy
Then by our definition of ¢ on disjoint subschemes, the following diagram
commutes:

P
Vo

ng (OZVO 9 OW) I OV{)

\L(ﬁz,z’ _
Vo / -
z

Vo

fw(0z,,0w) 225 0y,

For a pair (z,W) in the incidence locus, choose a collection of short exact
sequences as in 5.13 moving W to a rationally equivalent « such that zNa = 0.
Then also 2’ Na = @ for 2z’ in a neighborhood V' 3 2, and « is disjoint from
all subschemes parameterized by Vg := ;' (V). Then we define ¢ to be the
trivialization induced by the move, then the acyclicity of Oz, ®L0Wi (for all
W; € Supp(a)):

ZVO
%)
t: fvo(Ozy,, Ow) = f1,(Ozy, , @) s Oy,

This is compatible with ¢ by 5.32. Zariski local effectiveness implies effective-
ness by 3.1 and 4.6. O

Remark 5.38. In [18] we proved 1.1 for pairs of 1-dimensional cycles on a
threefold P (the case n = 3,a = b = 1) by constructing isomorphisms @%’W

fr(Oz,0w) = fr([Z],[W]) for all Hilbert data (Z, W) for P over spectra of
fields and complete DVRs T'. (We use the evident extension of the “determinant
of a cycle” notation from 5.3 when both variables are cycles.) Thus we obtained
for all Hilbert-Chow data (Z, W), (Z',W') over spectra of fields and DVRs a
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/. ’ / ; —1
system of isomorphisms QS?Z WW = (cp% ’W) o gp?w 2 fr(Oz,0w) =

Jr(Oz, Ow).

We explain the strategy used in [18] to construct the ¢ isomorphisms. Consider
first the case where T is the spectrum of a field, and write [Z] = Y n;Z,;. Then
0z,0z, € Fi(Ko(Pr)) and the difference Oz — > n;0z, lies in Fy(Ko(Pr)).
Since the determinant is additive on filtrations, to define @%’W it is enough
to trivialize in a sufficiently canonical way the determinant fr(Oz, Ow ) when
at least one of Z, W is zero-dimensional. To achieve this we used the explicit
form of the isomorphism in [20, 5.3]. For T the spectrum of a DVR, one has
also to trivialize the determinant fr(Oz,Ow) when at least one of Z, W is
supported in the closed fiber. For this we used an exact sequence given by a
uniformizer. To summarize, as far as the incidence bundle is concerned, [20,
5.3] trivializes canonically the difference between the Hilbert scheme and the
Chow variety. Thus what was lacking in [18] was a generalization of [20, 5.3]
to higher dimensions.

To obtain the functoriality of the resulting collection {¢r} in [18], we deduced
from the construction of the ¢ isomorphisms a natural list of properties (es-
sentially: being additive on triangles, and agreeing with prescribed normaliza-
tions on structure sheaves of subvarieties) sufficient to characterize them, then
checked the properties were stable under base change. This method worked on
all of € x €, not just the locus U. By contrast, our approach here is to restrict
to the locus U and compare with the canonical trivialization on the locus U
of disjoint cycles. As for the effectiveness of the descent datum, both in [18]
and in the present work the verification of the Zariski local effectiveness of the
collection {¢7} employs Grothendieck-Riemann-Roch to analyze the effect on
@ of a choice of “moving collection” of short exact sequences.

As a final point of contrast, in [18] we made use of the product structure of
the Hilbert-Chow proper hypercovering and showed, using [20, 3.12], that the
incidence bundle could be descended to the product of a Hilbert scheme and
a Chow variety. Then we showed the descended bundle inherited a Zariski
locally effective descent datum of its own. In other words, we wrote m# =
(FC x1d)o(Id X FC) : . x # — € x € and descended along (FC x Id) and
(Id x FC) separately.

SUBSECTION 5.6. CONCLUSION OF THE PROOF OF 1.1. Finally we verify the
properties stated in 1.1.

DESCENT OF RATIONAL SECTION. To see we have actually constructed a

Cartier divisor in U C %, X %} supported on the incidence locus, consider
the diagram whose vertical arrows are the restriction maps:

Pic(U) Pic(Ys)

l |

Pic(U) — Pic((=~1(U)),)
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The arrow in the bottom row is injective by 4.6. On the locus of disjoint
subschemes, the isomorphism constructed in 5.8, ¢ : L]y, = Oyp,, is an iso-
morphism of pairs L|z-11)), = (Llvy, dluoxuvy) = (Ouy,id). Hence by the
injectivity of the bottom row, the trivialization ¢ descends to U C U.

RESTRICTION TO U’ 1S EFFECTIVE. To check that the restriction D|y: is
effective, we may replace U’ with its normalization U’”. Then we may replace
U’ with the local ring of some depth 1 point ¢ on U’”. By the assumption
that the universal cycles intersect properly, over a given component C' C U’,
the incidence has dimension dim(C) — 1. This is preserved by the finite base
change U"" — U'.

Suppose first the incidence is generically finite onto its image. Then 5.18 ap-
plies, and the coefficient of ¢ in D¢+ is a sum of intersection multiplicities of
properly intersecting components (weighted with positive coefficients). If the
incidence dominates ¢, this coefficient is positive by [22, V.C. Thm.1(b)]; in any
case the coefficient is nonnegative.

If the incidence has generic positive dimension over its image, then its image
must have dimension < dim(C')—2. Hence in this case the associated coefficient
is 0.

INTERSECTION MULTIPLICITY. On the Chow varieties we have the incidence
bundle M and its rational section over the locus of disjoint cycles, giving
the Cartier divisor D < U. This pulls back via the Hilbert-Chow morphism
7 : Yy — U to the determinant line bundle £ and its rational section over
the locus of disjoint subschemes. Our goal is to relate the order of vanishing
of a local defining equation of D, to intersection numbers. So let sp be the
canonical (rational) section of the line bundle O(D).

If g: T — U is a morphism from the spectrum of a discrete valuation ring
R D k (corresponding to cycles Z, W), there exists a discrete valuation ring
R’ which is finite over R, and such that the composition ¢’ : T’ := Spec R’ —
T — U factors through Yy. (Note that if we start with a specialization from
a generic point of U, we can find a component of the Hilbert scheme so that
no generic extension is necessary.) If ord ¢"*(sp) = deg(Zps - W), it follows
that ord g*(sp) = deg(Z - W). Thus we may assume our specialization factors
through the Hilbert scheme, corresponding to subschemes Z , W such that [Z] =
Z and [W] = W. Now we assume disjointness over the generic point n € T,
ie., g(n) € U. Let t € T denote the closed point.

First we have:

ordr(sp) = ordr(sz«p) = Z (71)p£t(Hp(R7T*(02®LO”M7)))

since each HP (R, (OZ@)LOW)) is a torsion T-module, and by [12, Thm.3(v)].
Since the scheme Pr is smooth, the filtration of the Ky-groups by dimension
is compatible with multiplication, thus O§®L(’)W and R, (O§®LOW) are
classes of dimension zero. Then >_  (—1)"£;(HP(R. (OZ@)LOW))) is equal to
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the degree of the Ky-classes OZ®LOW and Rﬂ*(OZ®LOW). Note also the
refined class Z - W is of the expected dimension, i.e., Z-W € Ay(Pr).

We have OZ®LOW => (fl)i[TorfT(OZ,OW)] € Ko(Pr). The degree of

this class is computed by [7, 20.4]: it is simply the degree of the refined class
Z - W € Ao(Pr), since the terms of dimension < 0 necessarily vanish.
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