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ABSTRACT. We give an explicit construction, for a flat map X —
S of algebraic spaces, of an ideal in the n’th symmetric product of
X over S. Blowing up this ideal is then shown to be isomorphic to
the schematic closure in the Hilbert scheme of length n subschemes
of the locus of n distinct points. This generalises Haiman’s corre-
sponding result ([13]) for the affine complex plane. However, our
construction of the ideal is very different from that of Haiman,
using the formalism of divided powers rather than representation
theory.

In the non-flat case we obtain a similar result by replacing the
n’th symmetric product by the n’th divided power product.

The Hilbert scheme, Hilb’ /85 of length n subschemes of a scheme X
over some S is in general not smooth even if X — S itself is smooth.
Even worse, it may not even be (relatively) irreducible. In the case of
the affine plane over the complex numbers (where the Hilbert scheme is
smooth and irreducible) Haiman (cf., [13]) realised the Hilbert scheme
as the blow-up of a very specific ideal of the n’th symmetric prod-
uct of the affine plane. It is the purpose of this article to generalise
Haiman’s construction. As the Hilbert scheme in general is not irre-
ducible while the symmetric product is (for a smooth geometrically
irreducible scheme over a field say) it does not seem reasonable to hope
to obtain a Haiman like description of all of Hilby ¢ and indeed we will
only get a description of the schematic closure of the open subscheme of
n distinct points. With this modification we get a general result which
seems very close to that of Haiman. The main difference from the ar-
guments of Haiman is that we need to define the ideal that we want to
blow up in a general situation and Haiman’s construction seems to be
too closely tied to the 2-dimensional affine space in characteristic zero.

As a bonus we get that our constructions work very generally. We
have thus tried to present our results in a generality that should cover
reasonable applications (encouragement from the referee has made us
make it more general than we did in a previous version of this article).

There are some rather immediate consequences of this generality.
The first one is that we have to work with algebraic spaces instead
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of schemes as otherwise the Hilbert scheme (as well as the symmetric
product) may not exist. A second consequence is that we find ourselves
in a situation where existing references do not ensure the existence of
HilbYy g and we give an existence proof in the generality required by
us (which is a rather easy patching argument to reduce it to known
cases).

It turns out that the key to constructing the ideal to blow up is to
use the formalism of divided powers. Recall that if A is a commutative
ring and F' a flat A-algebra, then the subring of &,-invariants of F®4"
is isomorphic to the n’th divided power algebra I'";(F') (through the
map that takes v*(r) to r®m).

Using the fact that I'""(F') is the degree n component of the divided
power algebra I'*(F) we can define an ideal in T™(F) (this graded com-
ponent of the divided power algebra becomes an algebra using the
multiplication of F') which is our candidate to be blown up. Note
that in the definition of this ideal we are using in an essential way
the multiplication in the divided power algebra I'*(F') forcing us to
carefully distinguish between the multiplication in this graded algebra
and the multiplication of its graded component I'"(F') induced by the
multiplication on F'. On the upside it is exactly this interplay that
allows us to define, in a generality outside of Haiman’s case, the ideal.
Furthermore, the excellent formal properties of I'"(F") allows us to de-
fine an analogue of the symmetric product of Spec(F') — Spec(A) as
Spec(I"™(F')) — Spec(A) in the case when A — F is not flat. This
makes our arguments go through without problems in the case when
Spec(F') — Spec(A) is not necessarily flat. (We also need to extend the
construction of Spec(I"™(F')) to the non-affine case; the gluing argument
needed to make this extension uses results of David Rydh, [20].)

In more detail this paper has the following structure: We start with
some preliminaries on divided powers and recall of the Grothendieck-
Deligne norm map. The main technical result is to be found in Sections
5 and 6. There we first find a (local) formula for the multiplication
of the tautological rank n-algebra over the configuration space of n
distinct points of X. We then note that this formula makes sense over
the blow-up of a certain ideal in the full symmetric product. This gives
us a family of length n subschemes of X over this blow-up and hence
a map of it to the Hilbert scheme. Once having constructed it, it is
quite easy to show that it gives an isomorphism of the blow-up to the
schematic closure of the subspace of n distinct points of the Hilbert
scheme. The proof first does this in the case X — S is affine and then
discusses the patching (and limit arguments) needed to extend it to
the more general case.

We finish by tying some loose ends. First we generalise the result of
Fogarty on the smoothness of Hilb ¢ for X — S smooth of relative
dimension 2 removing the conditions on the base S needed by Fogarty.
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Finally, we discuss how one can, under suitable conditions, embed the
blow-up in a Grassmannian as Haiman does.

0.1. Acknowledgments. First we would like to give our thanks to the
referee of an earlier version of this article who insisted on putting our
results in the most general context and who also sketched how to make
such an extension as well as pointing out inaccuracies in the article.

We have received a lot of inspiration with conversations with our
colleagues. In particular the second author would like to acknowledge
input from Steve Kleiman, Ezra Miller and Dan Laksov.

1. DIVIDED POWERS AND NORM

In this section we first recall some properties for the ring of divided
powers. The standard reference is Roby [18] and [19], but see also [5]
and [9]. Algebras in this note are commutative.

1.1. The ring of divided powers. Let A be a commutative ring and
M an A-module. The ring of divided powers I'4M is constructed as
follows. We consider the polynomial ring over A[y" ()] 2)enxm, where
the variables 7" (z) are indexed by the set N x M, where N is the set
of non-negative integers. Then the ring I'4M is obtained by dividing
out the polynomial ring by the following relations

(1.1.1) 7O(x) -1

(1.1.2) Y (Az) — A"y (x)

(1.1.3) V(@) = D7 @) )
(1.14) RCARORY G FR®

for all integers m,n € N, all z,y € M, and all A € A. The residue class
of the variable v"(x) in I'y4 M we denote by ~},(z), or simply v"(z) if no
confusion is likely to occur. The ring I'4M is graded where 7"(x) has
degree n, and with respect to this grading we write I'yM = @,>ol"} M.

1.2. Polynomial laws. Let A be a ring, and let M and N be two fixed
A-modules. Assume that we for each A-algebra B have a map of sets
gg: M ®4 B — N ®4 B such that for any A-algebra homomorphism
u: B — B’ the following diagram is commutative

M@sB-—2~Nw,B

| |

M&,B -2~ Neo, B,



4 TORSTEN EKEDAHL AND ROY SKJELNES

where the vertical maps are the canonical homomorphisms. Such a
collection of maps is called a polynomial law from M to N, and we
denote the polynomial law with {g}: M — N.

Definition 1.3 (Norms). Let A be a ring, M and N two A-modules.

(1) A polynomial law {g}: M — N is homogeneous of degree n
if for any A-algebra B we have that gg(bx) = b"gp(z), for any
r€ M®y B and any b € B.
(2) A polynomial law {g}: F — E between two A-algebras F' and
E| is multiplicative if gg(zy) = gp(x)gp(y) for any x and y in
F ®4 B, for any A-algebra B. Furthermore, we require that
A norm (of degree n) from an A-algebra F to an A-algebra E is a
homogeneous multiplicative polynomial law of degree n.

1.4. Universal norms. Let n be a non-negative integer. For any A-
algebra B we have that I'"}(M) ®4 B is canonically identified with
"y (M ®4 B). It follows that we have a polynomial law {y"}: M —
[ M and by (1.1.2) the law is homogeneous of degree n. The poly-
nomial law {y"}: M — I"{M is universal in the sense that the as-
signment u — {u o0~4"} gives a bijection between the A-module homo-
morphisms u: I'"jM — N and the set of polynomial laws of degree n
from M to N.

Furthermore, if F'is an A-algebra then I'"; F' is an A-algebra and then
the polynomial law {y"}: F — T4 F is the universal norm of degree
n ([19, Thm. p. 871], [9, 2.4.2, p. 11] ). “Universal” here means in
the sense as described above, but for A-algebra homomorphisms from
IE.

1.5. The different products. The product structure on I' 4 F' we refer
to as the external structure. We will denote the external product with
in order to distinguish the external product from the product structure
on each graded component I'; F' defined in the previous section. (Note
that our convention is the reverse of the one used in [9].)

1.6. Let p a fixed positive integer, and for each i = 1, ..., p we assume
that we have a sequence of non-negative integers {a;;} (1 < j < ¢;)
such that > -7 a;; =n. Let I =[1,...,q1] x --- x [1,...,g], and let
Blai;j} C xN be the subset of integers b = {b;, . s, }iio,....iper Such
that their sum [b] := > bi,,...i, = n and such that

11,...,0p €I

(1-6-1) Z bil,...,ir,l,s,ir“,..A,ip = Qrs,
for all r, s.

Proposition 1.7. Let qi, ..., q, be p positive integers, and let {a; ;} be

o ai _
any sequence of non-negative integers such that ) ;_, a;; =n for each
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i=1,...,p. Then we have for any elements {x; ;} in the A-algebra F'
that in I} ' the following identity holds

q1 dp

(TT =™ @12)) - (T ]9 (@)

j=1 j=1

Proof. For each i = 1,...,p we consider the linear polynomials
Li=ai1Tin+xigTio+ -+ ig,Tig
in the variables {7;;}(1 < j < ¢;). Let us denote by A[T] the poly-
nomial ring in the variables {7} ;} over A, and let F[T] = A[T| ®4 F.
By iterating the formula (1.1.3) and using the fact that the variables
are scalars over A[T| combined with (1.1.2) we achieve the following
expression
ai
V(L) =Y ([ )T - o € Ty FIT),
jail=n  j=1
where we have abbreviated ;1 + -+ + a; 4, = |y|. We therefore get
P ai
(7.0 7L (L) = [T OS2 ([T ) T 750,
=1 Jagl=n j=1

On the other hand we have y"*(Ly)---vy™(L,) = ¥"(L1---L,), thus
the identity (1.7.1) above also equals

(1.7.2) ~™(Ly--- L) =~"( Z P13, 020, Tpiy T Ty - Ty ),
i1yipEl

with I =[1,...,q1] x --- x [1,...,q). We then finally iterate the right

side of the expression (1.7.2) by the formulas (1.1.2) and (1.1.3), and

obtain that (1.7.2) can be written as

(1.7.3)

E | | biy,....i . .. ) b1,i1epiip - bigosip
( *y p(xlﬂlxlw xi”ﬂp)TLZd Tpvip )

The sum is to be taken over all integers b = {b;, ... ;, } in x;IN such that
|b| = n. We now compare the coefficients of the polynomial (1.7.1)
with the polynomial in (1.7.3). The coefficient of

Ty Ty .T;ﬁvl T
yields the result. U

Remark 1.8. The proposition is a generalization of the case when p = 2
that can be found in ([9, Formula 2.4.2]). The trick we used in the proof
is to add variables and then iterate the defining equations for the ring
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of divided powers. The technique was communicated to us by Dan
Laksov.

As an example of statement in the proposition we give here an iden-
tity that we will use later.

Lemma 1.9. Let xy,...,x, and [ be elements in an A-algebra F.
Then we have that v (xy f) x vy (x2) * - - - x v () equals

n

D (D) # D) - (@ ) x oy (w2) ek ().

c=1

Proof. For each ¢ =1, ..., n the above proposition identifies the prod-
uct ¥¢(z11) * 7" "(21.2) - Y (221) * - - % Y (29,,) With

(1.9.1) Z H*Vbim (21,01 22,05

#{as ;}

where the sequence {af,} is af; = c,a5;, = n —c, and a5; = 1 for
j=1,...,n. Let J=11,2] X [2,...,n], and define €° C x,{0,1} as

€ = {0} 1D biy=¢> byj=n—c—1by+by; =1}
Jj=2

j=2
It is then clear that the indexing set %{as;} is the disjoint union
,%’{afyj} = {b171 = 1,b271 = O} X cgc—l L {b171 = O, bg,l = 1} X 6°.

We then have that the expression (1.9.1) can be written as

D A )= [ (gze) > v (zraze)* ] [ 1777 (21, 22.0.)-

@e—1 @c
Assume now that we have, for each ¢ = 1, ..., n, a collection of elements
{z¢,} with (i,7) € [1,2] x [1,...,n] such that 2{,25, = 2{;'257" for
¢ =1,...,n—1, and that 2f; 25, = z{ 125" for (j1,j2) € [1,2] x
2,...,n]. Using the splitting of %{as,} described above we have that
the alternating sum

n

Z(_l)CH Z H*Vbil’h(zf,ilzg,@)

=1 #{as ;}
is a telescoping sum. We note that €™ is the empty set, and that
%° is the singleton set €° = {{b1; = 0,bo; = 1} | j = 2,...,n}.
Consequently the telescoping sum collapses to

71(211,125,1) * 71(2%2321,2) ¥k 71(211,225,11)-

: 1 : e e 1 e me
The lemma is the special situation with 27, = f, 27, =1,25, = 1 f

C — y —
and 25, = x; for j=2,...,n,c=1,...,n. O
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1.10. The canonical homomorphism. An important norm is the
following. Let E be an A-algebra that is free of finite rank n as an A-
module. For any A-algebra B we have the determinant map dg: F ®4
B — B sending x € E ®4 B to the determinant of the B-linear
endomorphism e — ex on F ®4 B. It is clear that the determinant
maps give a multiplicative polynomial law {d}: £ — A, homogeneous
of degree n = ranksE. By the universal properties (1.4) of I} E we
then have an A-algebra homomorphism

(1.10.1) op: IME — A,

such that og(y"(x)) = det(e — ex) for all x € E. In fact we get a
homomorphism og: ["{E — A even if E is only locally free of finite
rank n. We call og the canonical homomorphism ([7, Section 6.3,
p.180], [14, Section 1.4, p.13]).

Proposition 1.11. Let E be an A-algebra such that E is free of finite
rank n as an A-module. For any element x € FE the characteristic
polynomial det(A — x) € A[A] of the endomorphism e — ex on E is
A3 (R A op(y (2) x4 (1)), In particular we have

Trace(e — ex) = op(y(x) *v"(1)).

Proof. Let A be an independent variable over A, and write E[A] = E® 4
A[A]. By the defining property of the canonical homomorphism o)
we have that the characteristic polynomial det(A — x) = g (7" (A —
x)). We now use the defining relations (1.1.2) and (1.1.3) in the A[A]-
algebra I\, E[A] and obtain

= DA (@) ),
=0
We have that I'; (R)®a B = 't (R®4 B) and that oga) = op®idapy.
Consequently o gy acts trivially on the variable A and that the action
otherwise is as 0. Thus we obtain that op(y/ () 7™ 7(1)) in A is the

7’th coefficient of the characteristic polynomial of e +— ex which proves
the claim. O

2. DISCRIMINANT AND IDEAL OF NORMS

In this section we define the important ideal of norms and show their
connection with discriminants.

Definition 2.1. Let F' be an A-algebra. For any 2n-elements x =
1y, Ty and y = y1,...,Y, in F we define 6(z,y) € I} F as the
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element

5(1"?/) = det*[ ( Zy] 1<i,j<n — Z xly (1)) 71($nya(n))-
ceBn,

Remark 2.2. Note that for each element z € F' the element v'(2) is in
'Y F = F, but the product y!(z1) * - - - * v(z,) is in T F.

Lemma 2.3. Let xy,...,x, and yy,...,Yy, be 2n-elements in F'. Then
we have

det «[v" (iy;))1<ij<n = detly! (zay;) * 7" (Di<ij<n-
Proof. We have that the determinant of [y (z;y;) * v~ (1)] is

(231) > (=D @gem) * 7 D) - (Y (@nom) ¥ 7H(D))-

ceS,

We will now use Proposition (1.7) to expand the product in (2.3.1). For
that purpose we denote I = [1,2]", a;; = 1 and a;2 = n — 1, and we
write X7} = 2;yo(;) and X7y = 1 for all 2 =1,...,n. Using Proposition
(1.7), we then rewrite the expression (2.3.1) as

(2.3.2) S=nlt S I =t (X, X

€6y beB{a;;} i1, in€l

Consider now the element b € x;N that is zero on all components
except the components indexed by iy, ...,%, where all indices but one
i = 1 (and thus the other indices are = 2), and let the values of b at
those components all equal 1. That is

bio.o=byi2. 2=-"-=by o1 =1

We then have that b satisfies the equations (1.6.1), hence b € . We
see that 0(x, y) occurs as a summand in (2.3.2) corresponding to having
b fixed. We can therefore write (2.3.2) as

(2.33) S(z,y)+ Y _ (=D > [T =y, .. X2

oEG, bEB{a; j1\b i1 ,sin€l

We need to show that the right hand side of (2.3.3) is zero. By using
the equations described by (1.6.1) one gets that if b;, ;. is a non-zero
integer with at least one index 4, = 1, then because a,; = 1 we must
have the value b;, ;=1 ., = 1. Furthermore it follows easily that
if b € #{a;;} where one component b;, ,; = 1 with only one index
i, = 1, then b = b defined above. Thus a non-zero component of an

element b € #{a;;} \ b has either all indices i; = --- =i, = 2, or at
least two indices i, = i,» = 1.
The first alternative with ¢; = --- =4, = 2 gives that the only non-

zero component of b is by o, and that alternative is impossible as it
should equal n — 1 by (1.6.1), but also it should equal |b] = n, being
an element of #{a;}.
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Let us now rule out the other alternative, with at least two indices
ip = i = 1 of an element b € HA{a;;}. The equations (1.6.1) then
imply that all the other non-zero components must have the indices
i, = i,» = 2. From that we deduce that the product

biy,..., i o o
| | ey (XY, X )
01 yeeeyin €1

is invariant under the action of €, the operation that permutes the two
factors r and r’. Because in one component of the product (correspond-
ing to i, =i, = 1) we have
X730 XV, = Tialo i) TiaYoliy) = X105, X1 -

In the other components of the product we have X7, = X7, =1,
clearly invariant under permutation. As € has sign -1 it is clear that the
above sum is annihilated in the determinant expression. As the above
sum was arbitrary we have that the right side of (2.3.3) is zero. u

Lemma 2.4. Let x = x1,...,x, and y = y1,...,Y, be 2n elements in
an A-algebra F. We have 6(z,y)* = §(x,x)0(y,y).

Proof. By definition §(z,)? is the sum

n n

Z (—1)‘0T|(H*V1($iya(z‘))) : (H*Vl(ﬂﬁj%(j)))-

0,7€ES), =1 j=1

We expand each summand using Proposition (1.7) which gives that
§(x,y)? can be written as

S DI T @i @otye o) -

o,TES, peG, =1
On the other hand we have that 6(x, z)d0(y,y) is
> 0P @) - (T wivew)-
p,BEG, i=1 j=1

Expanding the products as in Proposition (1.7), and then substituting
B = Tpo~!, proves the lemma. O
Lemma 2.5. Let x = xq,..., 2, and y = y1,...,Y, be 2n elements in
an A-algebra F. Let z; = Y1 a; jx; and w; =Y . b; jy; be A-linear
combinations of x and y for j =1,...,n. Then we have

d(z,w) = det(a; ;) det(b; ;)0 (z, y).
Proof. We clearly have the two matrix equations
(251) Z = (am-)X and W = (b@j)Y,

where XY, Z and W are the (n x 1)-matrices with entries x;, y;, z;
and w; (1 <i < n), respectively.
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We have ax = ay!(z) in T}y F = F for any a € A and any x € F. We
therefore view (2.5.1) as a matrix equation over I'y F. We then multiply
the matrix Z with the transpose of W and obtain an (n x n)-matrix

(2.5.2) Z WY = (a; )X - Y (bi ).
As we have v!(z) - vy (w) = ' (zw) in TLF we read (2.5.2) as
(2.5.3) (7! (zwy)) = (i) (v (i) (big)"

The A-algebra structure on the ring I'y F' is compatible with the A-
algebra structure on each of its graded components I} F', and we will
therefore view (2.5.2) as an equation of four matrices Z - W' (a;;), X -
Y' and (b; ;) over the A-algebra I'4F'. Now, using the usual properties
of the determinant we obtain the following identity

det #(y' (z1w;)) = (det #(a;;)) * (det #(v (ziy;))) * (det #(bi;))-
As the entries of (a;;) and the entries of (b;;) are in the ring A =
I F we get that det x(a; ;) = det(a; ;), and similarly that det x(b; ;) =
det(b; ;). It then follows that the last displayed equation is what we
wanted to prove. O

Definition 2.6 (The ideal of norms). Let n be a fixed integer, and let
V C F be an A-submodule of an A-algebra F. We define I, C I} F,
the ideal of norms associated to V', as the ideal generated by

0(z,y) = det «[y' (ziy;)|i<ijen € TAF
for any 2n-elements x = x1,...,z, and y =y1,...,y, in V C F.

Lemma 2.7. Let A — B be a homomorphism of rings, and letV C F
be an A-submodule of an A-algebra F. The extension of the ideal Iy
by the A-algebra homomorphism Ty F — T4 (F) ® 4 B equals the ideal
Iy, ; the ideal of norms associated to the B-submodule Im(V ®4 B —
F ®a B).

Proof. Let x = x1,...,x, and y = y1,...,y, be 2n-elements in V C
F. The element 6(x,y) in I'"}F is then mapped to d(x,y) ® 1 =
det *[vp(xy;) ® 1p] in T%(F) ®4 B. We have that I'"}(F) ®4 B is
canonically identified with I} (F ®4 B). Hence

det *[y5(2:y;) ® 1)1<ij<n = det %[y, 5(2i; @ 15)|1<ij<n-

We then have that the extension Iy [} (F ®4 B) is included in Iy,,. As
the generators of the B-module Vg are the images of generators of the
A-module V| the inclusion Iy, C Iy (F ®4 B) follows from Lemma
(2.5). O

Lemma 2.8. Let F' = A[Ty,...,T,] be the polynomial ring in a finite
set of wvariables, and let V. C F be the A-module spanned by those
monomials whose degree in each of the variables is less than n. Then
the ideals of norms associated to 'V and I are equal; that is Iy = Ip.
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Furthermore, if n! is invertible in A then Iy = Ir, where W C F is
the A-module spanned by monomials of degree less than n.

Proof. Given xy,...,z, and f in F we write z(c) = x1f¢ xa,..., %y,
For any w,...,y, we then obtain from the equality given in Lemma
(1.9) that

8(a(n),y) = S (=1 () # 4" 4(1)) - b(a(n — ), ).
c=1
The first assertion of the lemma follows from the above equality. When
n! is invertible, the n’th powers of linear forms span the module of
degree n monomials, and the above equality then also yields the second
assertion. U

2.9. Discriminant. Let E be an A-algebra that is free of finite rank
n as an A-module. The trace of an A-linear endomorphism of FE is
an A-linear map Ends(F) — A, that composed with the natural
map F — End4(F) sends an element x € F to tr(x); the trace of
the endomorphism e — ex on E. There is an associated map F —
Hom,(F, A) taking y € E to the trace tr(zy), for any z € E.

The discriminant ideal Dg/4 C A is defined (see e.g. [1, p. 124]) as
the ideal generated by the determinant of the associated map £ —
Hom(E, A).

Proposition 2.10. Let E be an A-algebra that is free of finite rank n as
an A-module. Then the extension of Iy, the ideal of norms associated
to V.= E, by the canonical homomorphism og: I'yE — A s the
discriminant ideal. In particular we have that the extension og(ly)A =
A if and only if Spec(E) — Spec(A) is étale.

Proof. By Lemma (2.5) we have that the ideal Iy is generated by the
single element 6(z,z) = det x[y'(z;x;)], where x = x1,...,, is an
A-module basis of £ = V. By Lemma (2.3) we have the identity
det[y! (z;z;)] = det[y*(ziz;) * v"~1(1)] in T4 F. As op is an algebra
homomorphism we have

opdetly (ziz;) 7" (1)] = detlop(y' (ziz;) + 7" (1))].

By Proposition (1.11) we have og(v'(eiej) * v~ (1)) = Trace(e —
ex;x;j). Thus we have a matrix with entries Trace(e — ex;z;), and the
determinant is then the discriminant. U

3. CONNECTION WITH SYMMETRIC TENSORS

3.1. A norm vector. Let F' be an A-algebra, and let T} F = F ®4
-+ ®4 F be the tensor product with n-copies of F'. We fix the positive
integer n, and for any element x € F' we use the following notation

(3.1.1) x[j]:1®"'®l'®“‘®1,
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where the x occurs at the j'th component of T} F. The group &,, of
n-letters acts on T F by permuting the factors. For any n-elements
r=ux,...,%, in I we define the norm vector

v(r) = v, z) = 3 (—1)Ma,0) @ @ 2o € THF,

UEGTL

where the summation runs over the elements o in the group &,,. The
norm vector v(x) is not a symmetric tensor since clearly we have that
v(z) = det(x;[;), where (x;[;) is the square matrix with coefficients
x5 on row ¢, and column j, with 1 < 7,7 < n. It follows that
V(Tp1)s - s Tpm)) = (—=DlPly(2y, ..., 2,) for any p € &, and that

(3.1.2) v(z) =0 if x; = x;, with i # j.

3.2. Let TS’} F' denote the invariant ring of T"y F' by the natural action
of the symmetric group &,, in n-letters that permutes the factors. We
have the map F' — 1"} F' sending x — z® - - - ®x, and it is clear that
the map factors through the invariant ring TS F'. The map F —
TSy F' determines a norm of degree n, as one readily verifies, hence
there exist an A-algebra homomorphism

(3.2.1) a,: THF — TS} F

such that a,(Y"(z)) =2 ® - - ®@x, for all z € F.

3.3. The shuffle product. When F'is an A-algebra that is flat as an
A-module, or if n! is invertible in A, then the A-algebra homomorphism
&y, (3.2.1) is an isomorphism ([18, IV, §5. Proposition IV.5], [5, Exercise
8(a), AIV. p.89]). In those cases we can identify I'4F" as the graded
sub-module

TAF =@ TS F CEPTHF =TaF

n>0 n>0

The external product structure on I'yF' is then identified with the
shuffle product on the full tensor algebra T 4 F'. The shuffie product of
an n-tensor r ® - - - ®x and an m-tensor y ® - - - ® y is the m + n-tensor
given as the sum of all possible different shuffles of the n copies of x
and m copies of y ([5, Exercise 8 (b), AIV. p.89]).

Proposition 3.4. Let F' be an A-algebra, and let v = z1,...,x, and
Y = Y1,.--,Yn be 2n elements of F'. The A-algebra homomorphism
ay: ' F — TSUF (3.2.1) is such that

an(0(z,y)) = v(z)v(y).
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Proof. The homomorphism o, : I"{FF — TS’ F' takes the external
product x of 'y F' to the shuffle product of TS, F'. We then have

@ (8(z,9) = > (=D (v (@190) * - %7 (@nlio(n))

UGGn
= D (DY (@ Yotry) @ - @ () Yot (n))
ce6, TES,

By formally manipulating the expression above we obtain

= O (DN 1) he 1)) © -+ @ (T Y r(ay)

T€EG, €6y
= DT ()T @y ) @ - © (T Y )
T€G, T'eEGy
— ( Z (—1)'7‘957(1) R ® $T(n)) ( Z (—1)‘T,|y7’(1) R ® yT,(n))
TEG, T'EG,
= v(z)r(y),
and we arrive at o, (6(x,y)) = v(z)v(y) as claimed. O

Corollary 3.5. Let a: I"jFF — T} F' denote the composition of the
map o, and the inclusion TSy FF C Ty F. Let I C Ty F' denote the
extension of the ideal of norms Ir by &, and let J C T} F' denote the
ideal of the diagonals. Then we have VI = /J.

Proof. Let ¢: Ty FF — L be a morphism with L a field, and let
p;: FF'— L be the composition of ¢ and the ¢’th co-projection F' —
T F, where ¢ = 1,...,n. If ¢ corresponds to a point in the open
complement of the diagonals then all the maps ¢; are different. That
is, no p; = ker(y;) is contained in another p;. Furthermore, since the
kernels also are prime ideals there exists, for each 7, an element z; not
in p;, but where z; € p; when j # i. We then have that ¢;(z;) = 0
for j # 0, and that @;(z;) # 0. Hence there are elements z1, ..., z, in
F such that det(yp;(z;)) # 0. Then also the image of v(z1,...,x,) is
non-zero in L, and we have that the point ¢ is in the open complement
of the scheme defined by I C T F.

Conversely, if ¢ corresponds to a point on the diagonals then at
least two of the maps ¢; are equal. Consequently, for any elements
T1,...,%, in F we have that ¢(v(zq,...,x,)) = 0. It follows that
I C ker ¢, proving the claim. U

4. GROTHENDIECK-DELIGNE NORM MAP

In this section we recall the Grothendieck-Deligne norm map fol-
lowing Deligne ([7]), and we discuss briefly the related Hilbert-Chow
morphism. Furthermore we define the notion of sufficiently big sub-
modules.
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4.1. The Hilbert functor of n-points. We fix an A-algebra F', and
a positive integer n. We let Hilb% denote the covariant functor from
the category of A-algebras to sets, that sends an A-algebra B to the
set

Hilb%(B) = {ideals in F' ®4 B such that the quotient E is

locally free of rank n as a B-module}.

4.2. The Grothendieck-Deligne norm. If F is an B-valued point
of Hilb} we have the sequence

(4.2.1) F— F®4B— E,

from where we obtain the A-algebra homomorphisms ["{F — TI'}E
that sends 7v"(x) to v"(Z ® 1), where T ® 1 is the residue class of z ® 1
in £. Furthermore, when we compose the homomorphism I} ' —
I't E with the canonical homomorphism og: ' — B we obtain
an assignment that is functorial in B; that is we have a morphism of
functors

(4.2.2) np: Hilby — Homy a1, (I'4 F, —).

The natural transformation ng we call the Grothendieck-Deligne norm
map.

Remark 4.3. The Hilbert functor Hilb% can in a natural way be viewed
as a contra-variant functor from the category of schemes (over Spec(A))
to sets. In that case the functor Hilb} is representable by a scheme (see
e.g. [12]). If X = Spec(F') — S = Spec(A) we write ny: Hilb%, g —
Spec(I'y F') for the morphism that corresponds to the natural transfor-
mation (4.2.2).

4.4. The geometric action. Let A = K be an algebraically closed
field, and let E be a finitely generated Artinian K-algebra. As E is
Artinian it is a product of local rings E' = [[%_, E;, and we let p;: E —
K denote the residue class map that factors via E;. Let m; = dimg (E;),
and let n = dimg(E) = my + - - - + m,,. Iversen ([14, Proposition 4.7])
shows that the canonical homomorphism op: 't EF = TSR F — K
factors via the homomorphism p: T@ E — K, where

p:(pl)'"71017"'7pp7"'app)7

and where each factor p; is repeated m;-times.

4.5. Hilbert-Chow morphism. Assume that the base ring A = K is
afield, and let X = Spec(F’). Then we can identify Spec(I"} F') with the
symmetric quotient Sym"(X) := Spec(TS% F'). Furthermore we have
that the Spec(K)-valued points of Hilb'y correspond to closed zero-
dimensional subschemes Z C X of length n. When K is algebraically
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closed we have by (4.4) that the Grothendieck-Deligne norm map sends
an K-valued point Z C X to the “associated” zero-dimensional cycle

ny(Z) = dimg(Ozp)[P],

Pe|Z|

where the summation runs over the points in the support of Z. Hence
we see that the norm morphism nx has the same effect on geometric
points as the Hilbert-Chow morphism. The Hilbert-Chow morphism
that appears in [10] and [8] requires that the Hilbert scheme is reduced,
whereas the Hilbert-Chow morphism that appears in [16] requires that
the Hilbert scheme is (semi-) normal. As the morphism ny does not
require any hypothesis on the source we have chosen to refer to that
morphism with a different name; the Grothendieck-Deligne norm map.

Lemma 4.6. Let A = K be a field of characteristic zero, and let
F = KIT] be the polynomial ring in a finite set of variables Ty, ..., T,.
For n > 0 the K-algebra I'} F' is generated by

7y (m) =" (1),
for monomials m € K[T] of degree deg(m) < n.

Proof. The identification a,: I't K[T| — TS% K[T'] identifies, for any
m € K|T], the element v'(m) * 4"~1(1) with the shuffled product of
aj(m)=mand a,_1(1) =1®---® 1. That is

(Y (m) x " (1) =me1- @1+ +1®--1®@m = P(m).

By a well-known result of Weyl ([21, II 3]) the invariant ring TS% F is
generated by the power sums P(m) of monomials m € K[T] of degree
less or equal to n. Il

Definition 4.7 (Sufficiently big modules). Let us fix an A-algebra F.
An A-submodule V' C F'is n-sufficiently big if the composite B-module
homomorphism

V@AB—>F®AB—>E

is surjective for all A-algebras B, and all B-valued points E of the
Hilbert functor Hilb}.

Remark 4.8. Sufficiently big submodules always exist as we can take
V=F.

Remark 4.9. If V is sufficiently big then we clearly have a morphism
of functors
Hilby — Grassy;

from the Hilbert functor of rank n-families, to the Grassmannian of
locally free rank n-quotients of V.
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Theorem 4.10. Let F' be an A-algebra, n an positive integer and let
V' C F be an n-sufficiently big submodule. Then we have for any A-
algebra B, and any B-valued point E of Hilb}. that the extension of Iy,
the ideal of norms associated to V', by the Grothendieck-Deligne norm
map np: 'y F — B is the discriminant ideal of & over B. That s

HF(Iv)B = DE/B Q B

Proof. We first make a reduction to the situation when B is a local ring.
For any A-algebra homomorphism B — B’ we let £/ = E®p B’, and
we have the commutative diagram

IM"F——>I%E-22 >R

|

Fn E/ Tpt ’
ptv — B

Thus by letting B’ be the local ring of a prime ideal in B, and using
the fact that discriminant ideals are compatible with base change, we
may assume that B is a local ring.

Let B be a local ring with residue field K. As the composition map

V®AK4>F®AK*>E®AK

is surjection of K-vector spaces we can find elements z,...,x, in V
such that the residue classes of r1 ® idg,...,z, ® idg in £ ®4 K
form a K-vector space basis. It then follows from Nakayama’s Lemma
that the residue classes of ry ® idp,...,z, ® idg form a B-module
basis of E ®4 B = E. Then we have that the residue class ¥ ® idp
for any element y € F', can be written as a B-linear combination of
71 ®idg,...,Z, ®idg. In particular we have by Lemma (2.5) that
Iy C T4 E the ideal of norms associated to V = FE is generated by the
single element

(4101) 5(1‘, {L‘) = det *[’Yl(l‘i@j X idB)]lSi,jgn S F%E

By Lemma (2.7) we have that the extension of Iy, C I'}F by the
composite map I} F' — ["3 F is exactly Ig. Thus we obtain that the
extension of Iy by the Grothendieck-Deligne norm map ng is the ideal
generated by the image of the element (4.10.1) in B. By the definition
of np we apply the canonical homomorphism og: I'} £ — B to obtain
the image of (4.10.1) in B. The result now follows from Proposition
(2.10). OJ

5. FAMILIES OF DISTINCT POINTS

5.1. The canonical morphism. The map F — F ®4 ;' F send-
ing z to 2®7" *(z) determines a norm of degree n. Consequently there
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is a unique A-algebra homomorphism I'} ' — F ® 4T ' F that takes
7'(2) to z @ y"1(2). Let

(5.1.1) Tn: Spec(F) Xgpec(a) Spec(I"y ' F) — Spec(I} F)

denote the corresponding morphism of schemes. Furthermore, we let
A C Spec(I";F) denote the closed subscheme corresponding to the
ideal of norms associated to F.

Proposition 5.2. Let U = Spec(I"; F') \ A denote the open set where
the ideal sheaf of norms vanishes. Then the induced morphism

Ty T (U) — U

n

15 €tale of rank n.

Proof. Let U, C Spec(T"} F') denote the open complement of the di-
agonals. The group of n-letters, G,,, acts freely on U, and the quo-
tient map U, — U, /&, is étale of rank n! = |G,|. The morphism
Spec(ay,): Spec(TSy F') — Spec(IyF') is an isomorphism when re-
stricted to U, /&,, (see e.g. [20, Prop. 4.2.6]). It then follows from
Corollary (3.5) that the map &, : Spec(T} F)) — Spec(I;F) is an
S,-torsor over Spec(I'; F')\ A. Furthermore, after a faithfully flat base
change A — A’ we can assume that I'}(F) ®4 A" = I}, (F @4 A')
is generated by elements of the form 7"(z) ([9, Lemma 2.3.1]). Then
clearly the diagram

Spec(T} F) Spec(I'} F)

Tn
1Xa&n—1

Spec(F) x Spec(I'"y ' F)

is commutative. Over the complement of A C Spec(I";F') we have
that &, is étale of rank n!, and 1 x @&,_; is étale of rank (n — 1)!. And
consequently m, is étale of rank n. O

5.3. Notation. We have the ordered sequence x = z1,...,x, of ele-
ments in F' fixed. Let Ua(z) be I} F' localized at the element §(z, ),
and consider the induced map

(5.3.1) UA(Z') — (F Xa szlF) ®F2F UA(SU) = MA(ZC)
obtained by localization of (5.1.1).

Lemma 5.4. The images of the elements x = x1,...,x, by the map
F — FR4Us(x) — My(z) form an Ua(x)-module basis for Ma(x).

Proof. By Proposition (5.2) we have that M(x) is Zariski locally free
of rank n over Us(z). To show that Ma(z) is free it suffices to show
that the images of x4, .. ., x, form a basis locally. Hence we may assume
that M is a free U-module, where U is some localization of U(z). Let
e=ey,...,e, be a basis of M, and let ¢(z) denote the image of z € F'
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in M. There exist scalars a;; € U such that ¢(z;) = Y 7_, a; e; for
i=1,...,n. Let ¢(x) = q(z1),...,q(x,), and let A = (a;;) denote the

matrix of the scalars. By Lemma (2.5) we obtain
5(qx), a(x)) = det(4%)d(e,c) in  TRM.

The element 0(x, z) @1 in I} (F) ®@ra p U = ' (F®@4U) is invertible by
definition. The natural morphism F' ®4 U — M induces a morphism
I'P(F ®4 U) — I'EM sending 6(z,x) ® 1 to the invertible element
d(q(x),q(x)). Then also det(A) must be invertible, and consequently
we have that q(z1),...,q(z,) form a basis of My(z). O

Definition 5.5. The functor 5 () is the covariant functor from the
category of A-algebras to sets that map an A-algebra B to the set
of ideals in F' ® 4 B such that corresponding quotients () satisfy the
following

(1) The elements ¢(z1),...,q(x,) in @ form a B-module basis,
where ¢ : F' — F ®4 B — (@ is the composite map.
(2) The algebra homomorphism B — (@ is étale.

Lemma 5.6. Let B be an A-algebra, and Q a B-valued point of 75 (x).
Then we have the following commutative diagram of algebras

(5.6.1) i rQ

Jeo loQ

Ua(z): = (T4 F)s(z2) — B.

Proof. The composite morphism F — F ®4 B — ( induces a mor-
phism of A-algebras [} F' — I'}Q that sends the element §(z,z) to
d(q(x), q(x)), where q(x) = q(z1),...,q(z,) in Q. By assumption the
elements ¢(x) form a basis of () and that @ is étale. Then, by Propo-
sition (2.10) we that the image of §(¢(x), ¢(x)) by the canonical map
og: I'tQ — @ is a unit, and the commutativity of the diagram (5.6.1)
follows. 0

5.7. Universal coefficients. For each pair of indices ¢ < j we look

at the product z;z; in F', and for each & = 1,...,n we consider the
sequence

(VR
(5.7.1) Ty =1, Bt BTy, Thg1, - - ., Ty

where the k’'th element is replaced with the product z;z;. We now
define the universal coefficient

o(z, 2y’

by
(5.7.2) ay? = 5z.1)

in UA(ZL') = (FZF)(;(IJ).
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Proposition 5.8. Let Q be a B-valued point of 75 (), and let q: F' —
F ®4 B — @ denote the composite map. Let by’ be the unique ele-
ments in B such that

q(xiz;) Zbk q(zk)

m Q. Then bZ’j 18 the specialization of the element o/;;’j under the natural
map Ua(x) — B of Lemma (5.6), for each i,5,k = 1,...,n. In
particular we have that Ma(x) Qu, ) B = Q as quotients of F @4 B.

Proof. Having the triplet i, j, k fixed, we let xkj denote the sequence
(5.7.1) of elements in F. Consider the element d(g(z), q(x}7)) in T%Q.
We replace the element g(z;x;) in Q with 3" b}7¢(z;), and obtain

3(g(2), q(z}’)) = 07 6(q(x), q(x)) € I'EQ.

The element §(q(x), ¢(x)) is the image of §(z,z) by the induced map
[ F — TQ. Tt follows from the commutative diagram (5.6.1) that
by’ in B is the image of a}”. O

Corollary 5.9. The pair (Ua(x), Ma(z)) represents 5 (x).

Proof. 1t follows from Proposition (5.2) and Lemma (5.4) that M :=
My(z) is a U := Ua(x)-valued point of 45 (x). If Q is any B-valued
point of J£5(x) have by Proposition (5.8) one morphism U — B
with the desired property, and we need to establish uniqueness of that
map. Therefore, let p; : U — B (i = 1,2), be two A-algebra homo-
morphisms such that both extensions M ®; B equal () as quotients of
F ®4 B. We then have that the natural map

Iy M — T3 (M) & B = THQ

is independent of the maps ¢; : U — B. And in particular the
canonical section og = o) ®1 : I'"y() — B is independent of the maps
@i, (1 = 1,2). For any element v € U we have that o, (uy™(1)) = u,
and then also that og(uy"(1) ® 1) = ¢;(u). Thus ¢1 = 9, and we
have proven uniqueness. Il

5.10. Etale families. We let 5" denote the functor of étale fami-
lies of the Hilbert functor Hilb} of n-points on F. That is, we consider
the co-variant functor from A-algebras to sets whose B-valued points
are

HM(B) = {1 € HilbM(B) | B — F ®4 B/I is étale}.

It is clear that 5" is an open subfunctor of Hilb}: and we will end
this section by describing the corresponding open subscheme of the
Hilbert scheme.
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Proposition 5.11. Let F' be an A-algebra. Let A C Spec(I'}F')
be the closed subscheme defined by the ideal of norms Ip, and and
let U = Spec(I'"yF) \ A denote its open complement. The family
Ty T H(U) — U given in (5.1.1) represents S5 ".

n

Proof. Clearly the functors 5" (z), for different choices of elements
T =1y,...,2, in F, give an open cover of "™, By Corollary (5.9)
the restriction of the family 7, : 7, '(U) — U to the open subscheme
Spec(Ua(x)) C U represents 5" (x). Thus we need only to check that
union of the schemes Spec(Uy(x)), for different x = x4,...,x,, is U,
which however is a consequence of Lemma (2.4). O

6. CLOSURE OF THE LOCUS OF DISTINCT POINTS

We will continue with the notation from the preceding sections. In
this section we will construct universal families, not for the locus of
distinct points as in Section 5, but for its closure.

6.1. Notation. Let F' be an A-algebra, and let R = @,,>0/} denote
the graded ring where Ip C I} F' is the ideal of norms associated to
V. =F. Welet x = zq,...,x, be n-elements in F, and we denote
by R(r) = R(s(z2)) the degree zero part of the localization of R at
d(z,z) € Ip. Finally we let & denote the free R(z)-module of rank n.
We will write

(6.1.1) & = @i R(z)[zi],

where [z;] is our notation for a basis element pointing out the i’th
component of the direct sum &. As [} F' is an A-algebra we have that
& is an A-module. We define the A-module homomorphism

(6.1.2) []: F— &
in the following way. For any y € F, and any ¢ = 1,...,n, we let
(6.1.3) 3:; = X1y T 1, Yy Tig 1y Ty

denote the n-elements in F' where the 7'th element z; is replaced with
y. Then we define the value of the map (6.1.3) on the element y € F
as

" 6(x, 2t
6.1.4 = Yolw] i &.
(61.4) =305 e

Note that when y = x; the notation of (6.1.1) is consistent with the
notation of (6.1.4). As determinants are linear in its columns (and
rows) it follows that the map [ |: F' — & defined above is an A-module
homomorphism. Furthermore it follows that we have an induced R(x)-
module homomorphism

(6.1.5) [J®id: F®4 R(x) — &®4 R(z) = &,

which is surjective.
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6.2. Universal multiplication. With the notation as above we de-
fine now the R(x)-bilinear map & x & — & by defining its action on
the basis as

(6.2.1) [zi][z;] == [zx;]  for 4,5 e{l,...,n}.

We will show that the above defined bilinear map defines as multipli-
cation structure on & - that is giving & a structure of a commutative
R(z)-algebra. We first observe the following simple but important fact.
Consider & as a sheaf on Spec(R(x)), and let U C Spec(R(x)) be a
subscheme of Spec(R(z)). Assume furthermore that the bilinear map
(6.2.1) restricted to &y gives a ring structure on . That is the product
(6.2.1) is associative, has an multiplicative identity and is distributive,
then we also have a ring structure on &, where U is the scheme the-
oretic closure of U C Spec(R(z)). We will apply this observation to a
scheme theoretic dense open subset U C Spec(R(x)).

Proposition 6.3. Let F' be an A-algebra. We have that (6.1.4) defines
an algebra structure on & and that the map (6.1.5) is a surjective R(x)-
algebra homomorphism.

Proof. Let R = @,>0lf, where Ip C I} F' is the ideal of norms. We
have that Spec(R(x)) is an affine open subset of Proj(R), where

p: Proj(R) — Spec(I'} F)

is the blow-up with center A = Spec(I'}(F/Ir)). The open com-
plement Proj(R) \ p~'(A) of the effective Cartier divisor p~'(A) is
schematically dense. Hence

U = Spec(R(x)) \ p~'(A) N Spec(R())

is schematically dense in Spec(R(x)). By (6.2) it suffices to show the
statements over U. However we have that U = Spec(Uy(z)) as defined
in (5.6.1), and that the restriction of &y coincides with the family
Spec(M4(z)). In other words, we have that restriction of the multipli-
cation map (6.1.5) to the open U coincides with the universal multipli-
cation map of Proposition (5.11).

i

Corollary 6.4. We have that &(x) is an R(z)-valued point of the
Hilbert functor Hilb}.

Proof. The proposition gives that Spec(&’) is a closed subscheme of
Spec(F ®4 R(x)). By construction the R(x)-module & is free of rank

n. U
Corollary 6.5. The schemes Spec(R(z)), for different choices of x =
T1, ..., &y i F, form an affine open cover of Proj(R), and the families

Spec(&(z)) — Spec(R(x)) glue together to a Proj(R)-valued point of
the Hilbert functor Hilby.
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Proof. The first statement follows from Lemma (2.4). To prove the
second assertion it suffices to see that the families glue over a open
dense set. Let U = Proj(R)\p ' (A), where p: Proj(R) — Spec(I'"} F')
is the blow-up with center A. Then we have that Spec(R(x)) N U =
Spec(Ua(z)) for any n-elements z = z1,...,x, in F, and the result
follows. i

7. THE GOOD COMPONENT

7.1. When X — S is an algebraic space we have the Hilbert functor
Hilb /5 of closed subspaces of X that are flat and finite of rank n over
the base. If U — X is an étale map we define the subfunctor J47_ x
of Hilby, /s by assigning to any S-scheme T' the set

—x(T) = {Z € Hilb;,4(T') such that the composite map

Z CUxgT — X xgT is a closed immersion}.

Proposition 7.2. Let X — S be a separated quasi-compact algebraic
space over an affine scheme S, and let U — X be an étale repre-
sentable cover with U an affine scheme, and let R = U xx U. Then
we have the following

(1) The functor ) x is representable by a scheme.

(2) The natural map ;" — Hilb g is representable, étale and
surjective.

(3) The two maps 3 x—Z I x form an étale equivalence re-
lation, and the quotient is Hilb'y /.

Proof. Since X — S is separated the composition 7 — U xgT —
X x5 T will be finite, for any Z € Hilb;,4(T'), any S-scheme T'. It is
then clear that 7" y is an open subfunctor of Hilby; ¢ where the latter
is known to be representable ([12]). This shows the first assertion. To
see that the map J7" y — HilbY ¢ is representable we let 7' —
Hilb% s be a morphism, with 7" some S-scheme. Let Z C X xg T
denote the corresponding closed subscheme, and let Zyy = Z xx U. It
is easily verified that the fiber product J7/ XHilb} T equals the
set of sections of Zyy — Z. Thus the fibred product equals the Weil
restriction of scalars Ry r(Zy) of Zy with respect to Z — T. The
fiber of Z;; — T over any point in 7', is an affine scheme, and it follows
from [4, Thm.4] that the Weil restriction R/r(Zy) is representable
by a scheme. Hence the map ;" v — HilbY g is representable.

Etaleness of the map follows from [4, Prop. 5], and surjectivity follows
as any T-valued point of HilbY ¢ étale locally lifts to U. The last
assertion follows as it is easy to see that the natural map J¢3 —

0 x Xuiny, s J' x 1s in fact an isomorphism. O

Corollary 7.3. Let X — S be a separated map of algebraic spaces.
Then HilbY g is an algebraic space.
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Proof. 1t suffices to show the statement for affine base S. Let X' C X
be an open immersion. Then as X — S is assumed separated we have
a map Hilb, o — Hilb ¢ which is a representable open immersion.
Furthermore, as

. n o . . n
Hilb ¢ = )yran Hilb. /g
open, gq-compact

we may assume that X — S is quasi-compact as well. Then the result
follows from the proposition. O

Remark 7.4. For a quasi-projective scheme X — S over a Noetherian
base scheme S it was proven by Grothendieck that the Hilbert functor
Hilb ¢ is representable by a scheme ([11]). For a separated algebraic
space X — S locally of finite type, Artin proved that Hilb’ /s Is an
algebraic space ([2]). The proof of the general result above showing
that Hilb}/s is an algebraic space for any separated algebraic space
X — S was suggested to us by the referee.

7.5. The good component. Let X — S be a separated algebraic
space, and let Z — HilbY, g be the universal family, which by def-
inition is finite, flat of rank n. The discriminant D, C Hilb}/s is a
closed subspace with the open complement U;t/ ¢ parameterizing length
n étale subspaces of X. We define G /s C Hilb’ /s as the schematic
closure of the open subspace Uff/s. We call G% /s the good or principal
component.

Remark 7.6. Let f: Z — H be a morphism of algebraic spaces which
is a finite and flat morphism of rank n. Then the set U C H where
f is étale is an open subset being the complement of the discriminant
Dz/u. The scheme theoretic closure of U C H is then the largest closed
subscheme of H over which the discriminant of f is a non-zero-divisor.

Theorem 7.7. Let X = Spec(F) — S = Spec(A) be a morphism
of affine schemes, and let A C Spec(I'"}F) be the closed subscheme
defined by the ideal of norms. Then we have that the good component
G /s 15 isomorphic to the blow-up BI(A) of Spec(I'4F) along A. The
1somorphism

bX: G’f)l(/s H: Bl(A),
is induced from restricting the norm map nx : Hilby ¢ — Spec(I'"} F)

to the good component GT;{/S.

Proof. By Theorem (4.10) we have that the inverse image ny'(A) is
the discriminant Dz C Hilb’ ¢ of the universal family Z — Hilb’.
Consequently we have that the local equation of the closed immersion

G%/s Ny (A) C Gy,
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is not a zero divisor. Therefore, by the universal properties of the blow-
up, we get an induced morphism by: G% g — BI(A). A morphism
we will show is an isomorphism.

We have by Corollary (6.5) the BI(A)-valued point & of the Hilbert
functor Hilb%. From the defining properties of the Hilbert scheme
we then have a morphism fs: BI(A) — Hilb%, s such that the pull-
back of the universal family is &. When restricting & to the open
set U = Spec(I'";F') \ A we have an étale family — by construction of
&. Hence the image fs(U) is contained in UYg. It follows that the

schematically closure @ = G/ contains the image of the closure of
U = BI(A). Consequently we have a morphism fe: BI(A) — G% /s
a morphism we claim is the inverse to the map bx: G, — BI(A).
By Proposition (5.11) we have that the restriction of fg to U is the
inverse of the restriction of bx to Ug,g. As both U in BI(A) and Ug
in G% /s are open complements of effective Cartier divisors it follows
that fe is the inverse of by. O

7.8. For a separated map of algebraic spaces X — S there exists an
algebraic space Iy /s that naturally globalize the affine situation with
Spec(I'; F') (]20]). For the convenience of the reader we will give a
description of this space for X quasi-compact over an affine base. Not
only is the quasi-compact case technically easier to handle, but it turns
out to be sufficient in order to generalize Theorem (7.7) for separated
algebraic spaces X — S.

7.9. Pro-equivalence. We will say that two sequences (indexed by
the non-negative integers) of ideals {I,,} and {J,,} in a ring B are pro-
equivalent if there exists an integer p such I,,4, C Jy,, and Jy4p C Iy,
for all m > 0.

Lemma 7.10. Let G be a finite group acting on a Noetherian ring
B and let a C B be an invariant ideal. Assume furthermore that the
invariant ring B€ is Noetherian, and that B is a finite module over the
invariant ring. Then {(a®)™} is pro-equivalent with {(a™)%}.

Proof. Clearly (a)™*? C (a™)%, and consequently it suffices to show
that (a™?)¢ C (a“)™ for some p. An element z € B is a root of the
monic polynomial m,(t) = [[,cq(t — g.x). Since a is G-invariant we
have for any x € a that z!°! € a®, and consequently that

am—HG| C (OG>mB.

By assumption B is a finitely generated B%-module, and consequently
by the Artin-Rees Lemma ([3, Cor. 10.10]) there exists an integer k
such that

(a%)"B N B = (a“)"*((a“)*BN BY) C (a®)"".
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Hence (am+EH+R)E C (g%)™ for all m > 0. O

Lemma 7.11. Let F be an A-algebra of finite type, and let I C F be
an ideal of finite type. For each m > 0 we let J,, denote the kernel of
the natural map 'y (F) — T (F/I™). Then {J,} is pro-equivalent
with {J"}.

Proof. We first show the case with a polynomial ring over the inte-
gers. Let X = xq,...,2, and T = t1,...,ts be variables over Z,
and let F' = Z[X,T], and [ = (T). Let a, denote the kernel of
T F — T (F/I™). Tt is easily checked that {a,,} is pro-equivalent
with {a™}. The group &, acts on T% F, and it follows that {(a)®"}
is pro-equivalent with {aS}. By Lemma (7.10) we have that {(a)®"}
is pro-equivalent with {(af)™}. As F/I™ is free, an in particular flat
Z-module for all m > 0, we have that I'}(F/I™) = TS (F/I™). In
particular we get that

ker(IF — T (F/I™)) = (a,,)®",

and we have proven the lemma in the special case. Since ['ZZ[X, T| ®z
A =T7%A[X,T] we have also proven the lemma for F' = A[X,T], and
I = (T). In the general case we let ¢p: A[X,T] — F denote the
A-algebra homomorphism that sends X to a set of generators of F|,
and T to a set of generators of the ideal I C F. For each m > 0
we have induced surjective maps ¢,,: A[X,T]/(T)™ — F/I™ and
C(pm): TRA[X, T)/(T)™ — T F/I™. An element in ker(I'(¢,,)) is of
the form ([18, Prop. IV.8, p. 284])

V() x"(9)
where g € A[X,T]/(T)™ and f € ker(pm). Clearly we can find ele-
ments f and g in A[X, T, with f € ker(y), that restricts to f and g by
the canonical map. Thus the induced map ker(I'(¢)) — ker(I'"(om))
is surjective for all m > 0. It follows that the induced map from

a,, = ker (T3 A[X, T] — T (A[X, T]/(T)™))

to J, = ker(I'"} ' — I} (F'/I™)) is surjective. In particular a; surjects
to Ji, so af* surjects to J{". The lemma now follows by lifting elements
to a,, and af’, where the result holds. U

7.12. FPR-sets. Let GG be a finite group acting on a separated al-
gebraic space X. By a result of Deligne the geometric quotient X/G
exists as an algebraic space. We will make use of that result, but we
need also to recall some terminology: For any group element ¢ € G
we have the induced map (idx,0): X — X xg X. By taking the
intersection of the diagonal and X via the map (idx, o) we get a closed
subspace X7 C X. If f: X — Y is a (G equivariant map, we have a
closed immersion X? C f~1(Y?). An equivariant map f: X — Y is
fized-point-reflecting (abbreviated FPR) if we have an equality of sets
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X7 = f~4Y7) for all ¢ € G ([15, p.183]). We have an alternative de-
scription of this condition: For every point x € X the stabiliser group
G, is equal to the stabiliser group G, of the image point y = f(z) (in
general we only have the inclusion G, C G,). This allows us to say
that f is fized-point-reflecting at x (abbreviated FPR at z) if G, = G,,.
We then have some general facts about FPR-sets.

Lemma 7.13. i) Suppose f: X — Y and g: Y — Z are G-morphisms,
h their composite and x € X. Then h is FPR at x precisely when f is
FPR at x and g is FPR at f(x).

ii) Suppose that {X,} is an inverse system with affine transition
maps of G-spaces. Forx € X := lim X, the set S, := {a| po is FPR at x},
where po: X — X, is the structure map, s non-empty and upwards
closed (i.e., if « € S, and o/ > « then o’ € S,.).

iii) Suppose now that also {Y,} is an inverse system with affine tran-
sition maps of G-spaces over the same index set and that {fo: X0 —

Y.} is a G-morphism of directed systems. Set' Y := <lz_m Yo, f =

lim fo and assume that f is FPR atz € X. Then{a | f, is FPR at Tot
15 non-empty and upwards closed.

Proof. For the first part we always have that G, C Gy C Gh) S0
that if i is FPR at z, i.e., G, = Gp), then f is FPR at x and g is
FPR at f(x) and clearly conversely.

That S, is upwards directed follows from i). For every g ¢ G, we
have gr # x and hence there is an index g such that gz, # 7.,
where for all indices 3, z3 := pg(x). Picking an « such that o > «
for all such g we get that gz, # x, for all ¢ € G, which implies that
G,, = G, so that o € S,.

Finally, iii) follows from i) and ii) applied to f(x) € Y. O

Definition-Lemma 7.14. If the equivariant map f: X — Y 1is sep-
arated and unramified, then X is both open and closed in f~1(Y7).
Hence if Y is also separated over some S on which G acts trivially,
there is a maximal open FPR-subset of X, which we call the FPR-
locus of f.

In the particular case when U — X 1is an unramified separated map
and X s separated over S, we will denote the FPR-locus of the induced
S,-map Uy — X by Qu_x C US.

Proof. We have a map f~1(Y?) — X xy X given by z — (z,0x)
and X7 is the inverse image of the diagonal. As f is unramified and
separated, the diagonal is open and closed in X xy X and hence so is
X7 in f71(Y?). If Y is also separated, then f~1(Y) is closed in X and
hence the complement of X7 in f~!(Y?) is closed in X and removing
such subsets for all o gives the FPR-locus. U
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Lemma 7.15. Let ' — F’ be an étale extension of A-algebras. Let
o: ThF' — L be a map to a field L and let ¢;: F' — L be the co-
projections of ¢ (with i = 1,...,n). Define the ideals J = Nker ¢; in
F" and I = Nker p;p in F. If the point ¢ is in the fived point reflecting
set Qp_ g of Spec(T"y F') — Spec(T"} F'), then the induced map

F/I™ — F'/J"
s an tsomorphism, for all m > 0.

Proof. We may work étale locally around the points given by ker ¢; and
ker p;p so we may assume that F'is a product of strictly Henselian
rings with ker ¢, as maximal ideals and similarly for F’. That ¢ €
Qp_p means that the map F' — F’ induces a bijection on maximal
ideals, which as F' is semi-local strictly Henselian and F' — F” is étale
means that F' — F’ is an isomorphism. From this the lemma follows
immediately. O

7.16. Notation. When U — X is an étale cover, we let
be the image of the FPR-locus (2y_x C Ug by the quotient map. Set

R =U xx U, then the FPR-locus Q. x is identified with Q. x X xn
Qu_x, so in particular we have that ([15, p. 183-184])

P
(7.16.1) Qp_x %i Qyx

is an étale equivalence relation with quotient X¢g/S,,.

Assume now that the base S = Spec(A) is affine, and that X is a
quasi-compact algebraic space. Let U = Spec(F) — X be an étale
affine cover. The map Spec(a,): Spec(TSy F')) — Spec(I'}F) is a
(universal) homeomorphism (see e.g. [20, Corollary 4.2.5]), and we let

denote the open set given as the image of Q,_ y by Spec(ay,). Our first
aim is to prove that the homeomorphic image of (7.16.1) also forms an
étale equivalence relation.

Proposition 7.17. Let ' — F’ be an étale extension of A-algebras.
Let £ € Q7. be a point of A. Then the induced map of completions

(FZF)f@ - (FT/L\F/){

is an isomorphism, where f(§) is the image of & by the induced map
Spec(I'"y F') — Spec(I'} F).

Proof. 1t suffices to show that there are ideals I; C I'"{F and J; C
[ F' contained in the ideals corresponding to the points f(£) and &,
respectively, such that the induced map of formal neighborhoods

(7.17.1) lim( F) /17" — Wm(T F) /7
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is an isomorphism. As the morphism Spec(I'j F") — Spec(TS} F') is
a homeomorphism the point £ lifts to a point of Spec(T" F'). Let
p: THF' — L’ be a lifting of £ = Spec(L), with L’ some field
extension of L. Write ¢ = (¢1,...,¢,), and define the ideal J =
Nker(y;) in F. We let J,, = ker(I'"yF" — T (F’'/J™). As the map
' F" — L factors via I'"}(F'/J) we have that J; is contained in the
ideal ker(I'y £/ — L). We let I,,, = ker(I'"} ' — I} (F/I™)) where
I = Nker(y;r), and we consider the induced map (7.17.1).

By Lemma (7.11) we have the limit of the system {(I'4 ') /I{" } equals
the limit of the system {(I'}F)/l,, = I'}(F/I™)}. By Lemma (7.15)
we have that F//I™ = F'/J™, and it follows that the map (7.17.1) is
an isomorphism. Il

Corollary 7.18. Let ' — F' be an étale extension of A-algebras,
and let Ir C I F and I C I F" be the ideal of norms associated to
F and F', respectively. These two ideals, IpI"iF" and Ip/, are equal
when restricted to the FPR-set Y. C Spec(I"j F”).

Proof. Assume first that the result is true when F (and hence F”)
is a finitely presented A-algebra. We can write f: FF — F’ as a
limit by a directed set of étale maps f,: F, — F. of finitely pre-
sented A-algebras, such that F, ®p, Fj = Fj for all @ and all 8 > a.
This means that Spec(T’y F') — Spec(T"; F') can be thought of as
liinﬁ Spec(T Fj) — liinﬁ Spec(T"; Fj3) and similarly for T" replaced

by TS" (as directed direct limits commute with taking invariants)
and I'". The equality to be proven is one of equality of stalks so
we may focus on a particular point z” € QF . which is the im-
age of some x € Qp_ . By Lemma (7.13) we may assume that all
projection maps Spec(T’ F') — Spec(T"; F,,) are FPR at the image
of z in Spec(T"} F') and hence, again by Lemma (7.13), we get that
Spec(T} F’) — Spec(T"; F') is FPR at p,(x) for all « which means that
Pa(2") € Qg . Hence we get that the equality [p, I F" = I I"j F”
at 2" and taking the direct limit of sheaves in « gives the Corollary at
2" and hence in Q7. ..

We are therefore left with the case when F' is a finitely presented
A-algebra. By another (simpler) limit argument we reduce to the case
when A is Noetherian. To show equality of the two ideals I} and
IpI"4F” it now suffices to show equality in the completion (I} )z, for
each closed point £ € Qp_ pv lying over the maximal ideal of A. The
result now follows from the proposition. O

Corollary 7.19. Let ' — F' be an étale extension of A-algebras.
The induced map Q. o, — Spec(I} F) is étale.

Proof. By doing the same reductions as in the previous corollary, we
may assume that A is Noetherian and F and F’ are finite type A-
algebras. By localisation and Henselisation in A we may then also
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assume that A is strictly Henselian. The result then follows from the
proposition. Il

Lemma 7.20. Let X — S be a quasi-compact separated algebraic
space over an affine base S. Write X as a quotient R—=U, with
affine schemes U and R. Then we have that Q% v —=Q}_ y is an
¢tale equivalence relation.

Proof. We have (7.16.1) that Q) ==, is an étale equivalence
relation. As the map Qp,_ v — Qf,_ y is a homeomorphism, we have
that the induced map Q% _ v — Qf_yx Xs Qf_x is injective over
Spec(k)-valued points, with k£ a field. To prove the lemma it then
suffices to show that the two maps Qf_ v —=Q_  are étale. The
projection maps p;: R — U are étale, and we have open immersions
Qp_x C Q. r—v. Etaleness of the two maps Q% y=—=Q,_ y then

follows from Corollary (7.19). O

Proposition 7.21. Let X — S be a separated quasi-compact alge-
braic space over an affine scheme S = Spec(A). Let U = Spec(F) —
X be an étale affine cover, and let R = U xx U. Define I /s as the

quotient of the étale equivalence relation Qf_ v —=Q .

(1) We have a cartesian diagram

Qp_x — s = Spec(I4(F)).

(2) In the diagram below we have ny o p; = q;ong ,i = 1,2, and
consequently there is an induced map nx : Hilb’;(/s — F}/S:

P1 D Ln
A x —= Ay x — Hilby s

p2
lnR l inx
0O L Q q

n
R—X T U—X FX/,S’

Moreover, the commutative diagrams above are cartesian.

Proof. Let us first consider the special case with S = Spec(k), where k
is an algebraically closed field. A k-valued point Z C U of the Hilbert
functor Hilby; /s has support at a finite number of points &1, ...,§,. By
(4.4) the associated cycle ny(Z) consist of the points &1, . . ., §, counted
with multiplicities my, ..., m,. We have that the cycle ny(Z) is in the
FPR-set Qf,_  if and only if the closed subscheme Z C U also is a
closed subscheme of X.

Now, let us prove the proposition. In the first diagram (1) the hor-
izontal maps are open immersions. To see that it is commutative and
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cartesian it suffices to establish the equality of the two open sets J7"_
and n;' (€, ) of Hilb /. This we can be checked by reducing to
S = Spec(k), with k algebraically closed. Then we are in the special
case considered above from which Assertion (1) follows.

In particular we have proven that the restriction of the norm map
ny to the open subset J7 y has O, y as domain. We therefore
obtain the two leftmost diagrams in (2). Since the horizontal maps
in these diagram are étale (Proposition (7.2) and Lemma (7.20)) we
can prove the diagrams are cartesian by evaluation over algebraically
closed points. We are then again reduced to the special case considered
above, which proves assertions in (2). O

Proposition 7.22 (Rydh). Let X — S be a separated map of al-
gebraic spaces. Then there exists an algebraic space F}/S — S such
that

(1) When X — S is quasi-compact with S an affine scheme, the
space Iy ¢ coincides with the one constructed above (7.21).
(2) For any base change map T — S we have a natural identifi-
cation F?{/s Xg T = FT)chST/T'
(3) For any open immersion X' C X we have an open immersion
F},/S C F}/S, and moreover
xs = Jme Ths

open, g-compact

(4) There is a universal homeomorphism X5/&, — I'y 5, which
1s an 1somorphism when X — S is flat, or when the charac-
teristic 1s zero.

Proof. All results can be found in ([20]): Existence of the space I'} g
is Theorem (3.4.1), whereas Assertion (4) is Corollary (4.2.5), and the
statement about open immersions in (3) is a special case of Proposi-
tion (3.1.7). The functorial description of I'} /s given by David Rydh
immediately gives assertion (2) and that I'y,q is the union of I'Y, g
with quasi-compact X’ C X. Assertion (1) follows as our Qf_ y is
what Rydh denotes with I'"(U/S)|req/s (see Proposition (4.2.4), and
the proof of Theorem (3.4.1), loc. cit.). O

7.23. The ideal sheaf of norms. For X — S quasi-compact and
separated over an affine base we have by Corollary (7.18) that the
ideals of norms patch together to form an ideal sheaf #x on I'y /s As
these ideals clearly commute with open immersions and base change
we obtain by (3) and (1) of Proposition (7.22), an ideal sheaf of norms
Fx on I'y /5 for any separated algebraic space X — S. Let

Ax € I'x/g

denote the closed subspace defined by the ideal sheaf of norms.
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Theorem 7.24. Let X — S be a separated morphism of algebraic
spaces. Then the good component G’;(/S of Hilb}/s 15 1isomorphic to the
blow-up of F}/S along the closed subspace Ax C F}/S, defined by the
1deal of norms associated to X — S. Moreover, if X — S s flat
then G}/S is obtained by blowing-up the geometric quotient Xg/6,,.

Proof. The Hilbert scheme Hilby ¢ and I'} /g commute with arbitrary
base change. The good component G /s s well as blow-ups, commute
with flat, and in particular étale base change. We may therefore assume
that the base S is an affine scheme.

For any open immersion X’ C X, with X’ quasi-compact, we have
a norm map ny: Hilb, ¢ — F},/S which, by varying X', form a
norm map ny: Hilby,g — T/ We claim now that the inverse
image n}l(A x) is locally principal, which we can verify on an open
cover. Moreover, given that we obtain an induced map from the good
component G’ /s to the blow-up of F?{/s along Ax. To verify that
the induced map is an isomorphism, we also reduce to an open cover.
Consequently we may assume that X itself is quasi-compact.

When X is quasi-compact we choose an étale affine cover U — X.
Then by using the cartesian diagrams (2) and (1) of Proposition (7.21)
one establish using Theorem (4.10) that ny'(Ax) is locally principal.
By Theorem (7.7) we have that the blow-up of Ay C I'y; ¢ yields the
good component G, /5 and the isomorphism is given induced by the
norm map ny. It then follows by the two cartesian diagrams (2) and
(1) of Proposition (7.21), that the map induced map from GY% 4 to the
blow-up of Ay C I'} /s is an isomorphism.

7.25. The case of surfaces. Before we give a corollary to this result
we need a generalisation of a result of Fogarty on the smoothness of the
Hilbert scheme ([10, Theorem 2.9]). Fogarty proves that the Hilbert
scheme of a smooth map X — S is smooth of relative dimension 2
provided that S is a Dedekind scheme. As the Hilbert scheme com-
mutes with base change and flatness can be verified in the integral case
by pulling back to Dedekind bases it follows that the result of Foga-
rty is valid when the base S is integral. However, as we will see, no
conditions on the base is needed for that statement. We shall give a di-
rect proof by proving formal smoothness using the infinitesimal lifting
criterion and the Hilbert-Burch theorem.

Proposition 7.26. Let X — S be a smooth and separated morphism
of relative dimension 2. Then Hilb',q — S is smooth for all n.

Proof. As HilbY,g commutes with base change we can assume that
the base is Noetherian. It is enough to show formal smoothness so the
statement would follow if we could show that for every small thickening
T C T of local Artinian S-schemes, any T-flat finite subscheme Z C
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X xgT can be extended to a T’-flat finite subscheme of X xgT”. Let
s be the closed point in S. The obstruction for the existence of such
a lifting is an element o € Exty (S2,, Ox,/F2,). We have an exact
“local-to-global” sequence )

HY(X,, #Homay (I2,,0x,/92,)) — Exth (Iz,, Ox,/I2,) —
H°(X,, &uty, (I7,,0x,/52,)).

As Homey (Iz,,O0x,/Iz,) has finite support, the left term of the
above sequence is 0, and consequently it suffices to show that the image
of the obstruction element o in H°(Xj, 5xtlﬁxs (F2.,0x,]F7.)) is zero.
As Z is a disjoint union of points we have that a = [] a,,, where at
a point z € Z the factor a, is the obstruction for lifting Spec 0 .,
which is a closed flat subscheme of Spec Ox 7., to a flat subscheme
of Spec Ox  4r... It is thus enough to show that these local obstructions
vanish. Hence our situation is as follows: We have a surjection of local
Artinian rings R* — R whose kernel is 1-dimensional over the residue
field, an essentially smooth 2-dimensional local R’-algebra S’, and a
quotient S := S’ @ R — T such that T is a finite flat R-module.
We then want to lift 7" to a quotient S’ — T” which is a flat R'-
module. We first claim that 7" has projective dimension 2 over S. As
T is R-flat it is enough to check T has projective dimension 2 over S,
where (—) denotes reduction modulo the maximal ideal of R. In that
case we have that T is a Cohen-Macaulay module over the regular local
ring S with support of codimension 2 and the result follows.

By [17, Thm. 7.15] (cf. also the original proof in [6]) it then follows
that the ideal Iy defining T is the determinant ideal of n X n-minors
of an n + 1 X n-matrix M and that the grade (the maximal length of
S-regular sequence contained in Ir) of Iy is 2. We then (arbitrarily)
lift M to a matrix M’ over S’ and let 7" be defined by n x n-minors
of M’. What remains to show is that 7" is R'-flat. The grade of I
is also 2 as we may lift an S-regular sequence in I to elements of Iz
which then given an S’-regular sequence and hence by [17, Thm. 7.16],
the sequence

0 — (S/)n — (S/)n—H N S/ —>T/ —0

is exact, where (S)* — (S')"™! is given by the lifted matrix and
(8"t — S’ by its minors (with appropriate signs). For the same
reason this sequence tensored with the residue field of R’ remains exact
which shows that 7" is R’-flat. O

Corollary 7.27. Let X — S be a smooth, separated morphism of pure
relative dimension 2. Then we have that the Hilbert scheme Hilb g 1s
the blow-up of F”X/S along Ax.
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Proof. 1f we can prove that U of HilbY 4 is schematically dense then
we are finished by the Theorem. As the defining ideal of the comple-
ment of U® is locally principal and as Hilby,g — S5 is flat by the
proposition this can be checked fibre by fibre so we may assume that
S is the spectrum of a field k. Now, in that case Hilby g is smooth
by the proposition or by Fogarty’s result. For the density statement
we may reduce to the base field k£ being algebraically closed. Write
X = Uj=1,. ,X; as a disjoint union. We have that Hilb}/s is the dis-
joint union Ly, 4.y, =, Hilb™ (X;). As U is non-empty in each of the
components Hilb" (X;), this implies that it is schematically dense in
Hilb%/g. O

Remark 7.28. As pointed out by the referee, there is a small inaccuracy
in ([10, Proposition 2.3]) concerning the connectedness of the Hilbert
scheme in that the Hilbert scheme of a connected scheme is not neces-
sarily connected. The proof had to take that into account.

8. THE GOOD COMPONENT FOR AFFINE VARIETIES

We will in this last section generalize the approach Haiman gives
in [13], using the fact that the Hilbert scheme Hilby, for a projective
scheme Y, can be embedded as a closed subscheme of the Grassmannian
of rank n-quotients of H°(Y, Oy (N)), when N is large enough. To
simplify we assume that our base Spec(A) is Noetherian.

Proposition 8.1. Let X = Spec(F) — S = Spec(A) be a finite type
morphism of affine schemes, and let V' C F be an n-sufficiently big A-
submodule. Let Iy and Ir be the ideals of norms associated to V' and
F, respectively. The natural morphism @©p>oly' — ©m>olp induces a
morphism

p: G/g = Proj(®m>olf') — Bl (I'{F) = Proj(m>oly’)
which s finite.

Proof. Let U resp. U’ be the complement of Spec(I'"; F) in Spec(®,>0l 1)
resp. Spec(®m>ol{). That the map on Proj’s is well-defined means that
the map on spectra maps U into U’. Assume therefore, by way of con-
tradiction, that we have a closed point x of U that does not map into
U’. This gives us a field valued point of Hilbg, .. r/spec(a): 1-€-, an n-
dimensional quotient /' Q) , k — R. However, the assumption that the
image of z does not lie in U’ means that the image of V' does not span
R. This however contradicts the assumption that V is n-sufficiently
big.

For graded elements f in a graded ring R we let D, (f) denote the
basic open affine given as the spectrum of the degree zero part of the
localized ring R;. We have, for any f € Iy that ¢ ' (D,(f)) = D, (f),
hence the morphism ¢ is an affine morphism. Since F' is assumed
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of finite type it follows from Lemma (2.8) that Ir is of finite type,
and consequently GY g is proper over Spec(I"jF'). Since Bly, (I"{F') is
separated it follows that ¢ is proper. Thus the morphism ¢ is both
proper and affine, hence finite. O

When V' C F is n-sufficiently big we have an induced morphism
h: HilbY,g — Grassy,
from the Hilbert scheme to the Grassmannian.

Lemma 8.2. Let X = Spec(F') — S = Spec(A) be of finite type, and
let V. C F be n-sufficiently big, finitely generated A-module. We have
a commutative diagram

| |

Bl (I'y F') — Grassy;

Proof. Since V is finitely generated we can use the Pliicker coordinates
to embed Grassy, as a closed subscheme of P(A"V). Composed with
the diagonal embedding and the Segre embedding yields the closed
immersion ¢ given as the composite

Grassy, C P(A"V) C P(A"V) x P(A"V) C P(A"V @ A"V).

The natural map of A-modules A"V ®4 A"V — [, will by definition
hit all the generators for the ideal Iy, and consequently determine a
closed immersion ¢o: Bly, (I{ F) — P(AL @ A"V) x Spec(I'} (F')). We
now have the commutative diagram

G%/s Hilb /¢ Grassy,

| i

Bl (I} F) me P(A"V @4 A"V)

where p; is the projection on the first factor. The inverse image ¢~ (FE)
of the exceptional divisor £ C Bl;,, (I} F) is the exceptional divisor of
G% /5 and on the open complement we have that ¢ is an isomorphism.
Consequently p; o ty: Bly, (I F') — P(A"V ®4 A"V) factors through
Grassy, since it does so on the complement of a Cartier divisor. 4

8.3. Consider now Y = P¢, and let g: Y — S denote the structure
map. For any closed subscheme Z C Y that is flat, locally free of rank
n over S, the induced map

(8.3.1) 9Oy (N) — g.07(N)
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is easily seen to be surjective for N > n — 1. Furthermore, the ideal
sheaf .7, twisted with N > n is regular, that is RPg..7z(N —p) = 0
for p > 0 when N > n. It follows ([11]) that the induced morphism

(8.3.2) Hilby g — Grassy, 4, (v)
is a closed immersion for N > n.

Proposition 8.4. Let F' be an A-algebra generated by ty,...,t., let
V. C F be spanned by the monomials of degree < n in the ti,...,t,.
Then the morphism

p: G/g — Blp, (I} F)
s an isomorphism.

Proof. We embed X = Spec(F) in Y = P% using (1: ¢3: ---: ¢,). The
natural map h: Hilby ¢ — Grassy, is an immersion and the natural
map Grassy, — Grassy s, (v)) 1S a closed immersion. As Hilby ¢ im-
merses into Hilby g, and the map (8.3.2) is an immersion, it follows
that the map h: Hilb%, g — Grassy, is an immersion.

By Lemma (8.2) we have that the restriction of & to G ¢ factors
through

p: G — Bl (I} F),

hence ¢ must be an immersion as well. However, by Proposition (8.1)
the map ¢ is proper, and consequently we have that the map ¢ must
be a closed immersion. Furthermore, since ¢ is an isomorphism over
the complement of a Cartier divisor, it is an isomorphism. O

REFERENCES

[1] Allen Altman and Steven Kleiman. Introduction to Grothendieck duality theory.
Lecture Notes in Mathematics, Vol. 146. Springer-Verlag, Berlin, 1970.

[2] M. Artin. Algebraization of formal moduli. I. In Global Analysis (Papers in
Honor of K. Kodaira), pages 21-71. Univ. Tokyo Press, Tokyo, 1969.

[3] M. F. Atiyah and I. G. Macdonald. Introduction to commutative algebra.
Addison-Wesley Publishing Co., Reading, Mass.-London-Don Mills, Ont.,
1969.

[4] Siegfried Bosch, Werner Liitkebohmert, and Michel Raynaud. Néron models,
volume 21 of Ergebnisse der Mathematik und ihrer Grenzgebiete (3) [Results
in Mathematics and Related Areas (3)]. Springer-Verlag, Berlin, 1990.

[5] N. Bourbaki. Eléments de mathématique. I: Les structures fondamentales de
Uanalyse. Fascicule XI. Livre II: Algebre. Chapitre 4: Polynomes et fractions
rationnelles. Chapitre 5: Corps commutatifs. Deuxieme édition. Actualités Sci-
entifiques et Industrielles, No. 1102. Hermann, Paris, 1959.

[6] Lindsay Burch. On ideals of finite homological dimension in local rings. Proc.
Cambridge Philos. Soc., 64:941-948, 1968.

[7] Pierre Deligne. Cohomologie & supports propres. In exposé XVII of SGA 4,
Théorie des topos et cohomologie étale des schémas. Tome 3, pages 250—480.
Lecture Notes in Math., Vol. 305. Springer-Verlag, Berlin, 1973.



36

8]

TORSTEN EKEDAHL AND ROY SKJELNES

Barbara Fantechi, Lothar Gottsche, Luc Illusie, Steven L. Kleiman, Nitin
Nitsure, and Angelo Vistoli. Fundamental algebraic geometry, volume 123 of
Mathematical Surveys and Monographs. American Mathematical Society, Prov-
idence, RI, 2005. Grothendieck’s FGA explained.

Daniel Ferrand. Un foncteur norme. Bull. Soc. Math. France, 126(1):1-49,
1998.

John Fogarty. Algebraic families on an algebraic surface. Amer. J. Math,
90:511-521, 1968.

Alexander Grothendieck. Techniques de construction et théorémes d’existence
en géométrie algébrique. IV. Les schémas de Hilbert. In Séminaire Bourbaki,
Vol. 6, pages Exp. No. 221, 249-276. Soc. Math. France, Paris, 1995.

T. S. Gustavsen, D. Laksov, and R. M. Skjelnes. An elementary, explicit,
proof of the existence of Hilbert schemes of points. J. Pure Appl. Algebra,
210(3):705-720, 2007.

Mark Haiman. ¢, g-Catalan numbers and the Hilbert scheme. Discrete Math.,
193(1-3):201-224, 1998. Selected papers in honor of Adriano Garsia (Taormina,
1994).

Birger Iversen. Linear determinants with applications to the Picard scheme of
a family of algebraic curves. Springer-Verlag, Berlin, 1970. Lecture Notes in
Mathematics, Vol. 174.

Donald Knutson. Algebraic spaces. Springer-Verlag, Berlin, 1971. Lecture
Notes in Mathematics, Vol. 203.

Janos Kollar. Rational curves on algebraic varieties, volume 32 of Ergebnisse
der Mathematik und ihrer Grenzgebiete. 8. Folge. A Series of Modern Sur-
veys in Mathematics [Results in Mathematics and Related Areas. 3rd Series.
A Series of Modern Surveys in Mathematics]. Springer-Verlag, Berlin, 1996.
D. G. Northcott. Finite free resolutions. Cambridge University Press, Cam-
bridge, 1976. Cambridge Tracts in Mathematics, No. 71.

Norbert Roby. Lois polynomes et lois formelles en théorie des modules. Ann.
Seci. Ecole Norm. Sup. (3), 80:213-348, 1963.

Norbert Roby. Lois polynémes multiplicatives universelles. C. R. Acad. Sci.
Paris Sér. A-B, 290(19):A869-A871, 1980.

David Rydh. Families of zero cycles and divided powers: I. Representability,
March 2008. arXiv:0803.0618.

Hermann Weyl. The Classical Groups. Their Invariants and Representations.
Princeton University Press, Princeton, N.J., 1939.

DEPARTMENT OF MATHEMATICS, STOCKHOLM UNIVERSITY, STOCKHOLM, SWE-

DEN

FE-mail address: teke@math.su.se

DEPARTMENT OF MATHEMATICS, KTH, STOCKHOLM, SWEDEN
E-mail address: skjelnes@math.kth.se



