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Introduction

In this thesis we will explore and further investigate the problem of localisation in equiv-
ariant geometry.

The first instance of this phenomenon already appeared more that fifty years ago; the
localisation formula of Atiyah and Bott ([3]) states that for a smooth manifold X with an
action of a compact connected Lie group G admitting a finite set of isolated fixed points

i: X¢ < X, then
/ / e
o =
X xa e(v)

where e(v) is the Euler class of the conormal bundle of X G in X and « is any cohomology
class.

Subsequently, further generalisations were developed in a great many ways: first of all
in the context of index theory thanks to the work of Berline-Getzler-Vergne (see [5] or
[6]) and Baum-Connes ([4], 1.6). In particular the latter showed that for a finite group G
acting on a smooth manifold X the even-dimensional equivariant cohomology localizes on
the fixed points sets for the elements of G:

HE' (X, G) =~ (DHE (X9))°.
geG

Second, in equivariant stable homotopy theory it became soon clear that there are universal
decompositions in rational and p-adic G—equivariant spectra, indexed by the prime ideals
of the Burnside ring A(G) of G (defined by Dieck in general, see for example [I§], V). Those
prime ideals are easily seen to be indexed by conjugacy classes of finite subgroups of G. In
particular, for any cohomology theory we can express its rationalised equivariant version
as a wedge over some suitable subgroups of GG; for example Morava E-theory localises at
products of cyclic groups by the work of Hopkins-Kuhn-Ravenel ([13]).

Now let us turn our attention of the algebraic case. An equivariant localisation formula
was proposed by Vistoli in his paper [26] for the rational equivariant K —theory of schemes
with an action of a finite discrete group; it has a form which is the algebraic analogue of
the Baum-Connes formula above.

In their paper [25], G. Vezzosi and A. Vistoli proved a decomposition theorem for the
rational equivariant K-theory of an algebraic space X by an affine algebraic group G. The
pieces of this decomposition are indexed by the conjugacy classes of subgroups of G which
are isomorphic to the groups p,, of multiplicative type, called dual cyclic subgroups.
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Assuming a technical hypothesis (that the action is sufficiently rational, see the intro-
duction of [25]), they proved the following theorem: defining R(o) to be Q(¢,) when o has
order n and wg(o) := Ng(0)/Cq(o)

K(X7 G) = H (K<X07 CG(U))geom ® R(U))wG(U)
oeC(G)

In the formula, K(—)geom is a suitable localization of the rational equivariant K-theory,
that Vezzosi-Vistoli conjecture to be isomorphic to the K-theory of the moduli space of the
quotient.

In [24], B. Toen defined a Riemann-Roch map from the rational algebraic K-theory of
a tame Deligne-Mumford quotient stack to the étale K-theory of its inertia. He proved
that his map is an isomorphism, respects multiplication in the regular case and that it
is covariant with respect to proper-push-forwards. In particular his formulation allows to
make calculations with diagrams of the type

KL(X) — Ka(ZX)

B |z~

KL(Y) —— Ka(ZD)

In this thesis we first extend the work of Toen to other cases; more precisely, we allow
for some cases where the order of the stabilizer of a point is divisible by the characteristic
of its residue field (thus the stabilizers may be infinitesimal in nonzero characteristic; in
particular we cover the case of tame stacks, that is we allow the stabilizers to contain
infinitesimal diagonalizable groups).

In the first section (1.1) we introduce (following the work [I] for the DM case) the
fundamental object of our localisation formula, that is the cyclotomic inertia, defined as
the hom-stack

IM(_) = UM(BNTM -)-

This has a map p: Z,,X — X, and we will compare the rational K-theory of Z,, X’ to that
of X via the push-forward p,. In order to do that, we need to assume that p is finite. For a
Deligne-Mumford stack, for example, it is not necessarily the case that p is finite: the clas-
sifying stack BZ/pZ over the p-adic integers Spec(Zy), for instance, has the p-component
of cyclotomic inertia equal to Bg,(,)Hp- Its image lies over Spec(Qy,) — Spec(Zy), and it
is clearly not finite.

We make use of a suitable localisation of the algebraic K-theory of a stack, which plays
the same role as that of étale K-theory in Toen’s paper: inspired by [25], we define the
geometric rational K-theory of an algebraic stack X with finite stabilizers, and we show
that it is a piece in an intrinsic decomposition of the K-theory of the stack. This is the
content of section 1.3.



The content of the sections 1.1, 1.2, 1.3 is essentially due to Vistoli and Schadeck, and
a detailed exposition of it can be found in the thesis of L. Schadeck ([20]). In the subse-
quent four sections (1.4, 1.5, 1.6, 1.7) we prove a localisation formula for tame stacks, and
we prove that our formula agrees with that of Toen when the stack is Deligne-Mumford
and tame. Moreover we show that we can produce a (non canonical) isomorphism from
the rational K-theory of an algebraic stack X with finite cyclotomic inertia to the rational
Chow group of Z,,X.

In the second chapter we make some explicit calculation, and we show how to produce
explicit formulas from the work that we exposed in the preceding chapter. Some of these
caluclations were done in collaboration with Qiangru Kuang.

In the final chapter, we prove that - analogously to the topological case ([18]) - an action
of the Burnside algebra is sufficient to ensure a decomposition of any algebraic equivariant
(co)homological functor with the Mackey property.

Finally we apply this machinery to show that such a decomposition can be produced
for the modular K-theory functor of Borne ([7]). In particular, in this case the subgroups
at which we localise are not necessarily abelian, thus displaying a difference with the pre-
viously known formulas for algebraic K-theory.

This project was proposed to me by my phd advisor Angelo Vistoli. I warmly thank
him for all the time he spent discussing all this material with me, and for all the help and
advises he gave me for the duration of my doctoral studies.






Chapter 1

The decomposition theorem for
algebraic K-theory of stacks

In what follows we will assume that X is a separated algebraic stack with finite stabilizers,
and that it can be written as a quotient X = [X/G] where X is a noetherian algebraic space
over an affine connected base scheme A = Spec(R), with R excellent, and G = GL,, r. The
last condition is actually equivalent to the apparently weaker one that X = [X/G], where
G is a flat R—linear algebraic group: indeed by choosing an embedding G C GL,, = GL,, R,
and replacing X with X x¢ GL,, we may suppose that G = GL,,. We will always write
X = [X/G], where G is a product of general linear groups on R.

As in [25], we call a subgroup scheme o C G dual cyclic when it is isomorphic to p,
for some r > 1.

For each r > 1, the datum of a monomorphism from a dual cyclic subgroup u, p —
GLy,, g is equivalent to a locally free splitting R" = @;_, S;; the equivalence is obtained
considering the decomposition of R" into eigenspaces for the action of p, .

Remark. Consider a map p, p — GLy r and the corresponding decomposition R" =
@D, Si. The S;’s are not necessarily free, and in those cases we say that the cyclic
subgroup is not constant; otherwise we call it constant.

Let C.(G) be the set of conjugacy classes of monomorphisms of dual cyclic subgroups
of G of order r. More precisely, the functor which assigns to an R—scheme S the set of
splittings R" = @;_, S; is represented by an open subscheme U of a product of grass-
manians (we shall elaborate more on this in the following sections), and it has a natural
G-action (the ”change of coordinates” action). The connected components of the quotient
[U/G] are indexed by the set of partitions v = (v1,...,v,) of n in r parts (where each v; is
the dimension of the ith eigenspace of u, p); for any o we will call the corresponding v its
type, and C,.(G) will indicate the set of types. The moduli space of each v-component is
isomorphic to A; indeed locally on A every dual cyclic subgroup is constant, and conjugacy
classes of constant dual subgroup schemes are determined by their type.

If G = GL,, x---x GL,, is a product of general linear groups then the same discussion
applies, with the only difference that the types are indexed by r—partitions of each set

{1,...,7]@}.



1.1 The cyclotomic inertia of a separated stack

In this section we define an explore the notion of cyclotomic inertia. This notion was first
defined in [I] in order to define Gromov-Witten invariants for Deligne-Mumford stacks.

Let X be as above, r be a positive integer. The r* cyclotomic inertia is a stack Iy, X
fibered in groupoids over the category of schemes over R, defined as follows.

An object of Z,, X(S), where § is a scheme, is a pair (§, a), where £ is an object of X'(.5)
and a: p, ¢ — Autg & is a monomorphism of group schemes. An arrow f: (§,a) — (1,b)
from (§,a) € Z,, X(S) to (n,b) € Z, X(T) consists of an arrow f: {£ — n in &, such that
the diagram

My g =———— Oy

[

Autg{ —— ¢" Autpn

commutes. Here ¢: S — T is the image of f in the category of schemes, and the bottom
row is induced by f.
There is an obvious morphism of fibered categories Z,, X — X’ that sends (¢, a) into &.
For the main properties of this construction, we refer to [20]. Here we will just mention
the relevant definitions and facts.

Suppose that A is a finite diagonalizable group scheme over R, and G is an affine group
scheme of finite type over R. Consider the contravariant functor Ha(G) from schemes over
R to sets, sending a scheme S into the set of homomorphisms of group schemes Ag — Gg.
We will think of Ha(G) as a Zariski sheaf. We denote by H(G) C Ha(G) the subsheaf
consisting of the set of monomorphisms of group schemes Ag — Gg.

If : A — A’ is a homomorphism of diagonalizable group schemes, composing with
¢ gives a natural transformation Ha/(G) — Ha(G). Call Q(A) the set of quotients of
A. For each A’ € Q(A), consider the composite HY,(G) € Ha/(G) — Ha(G), which
is immediately seen to be a monomorphism. This induces a G-equivariant morphism of
Zariski sheaves

[T HR(G) — HAG).
A’eQ(A)

Proposition 1.1.1.

(1) The functors Ha(G) and HY(G) are represented by a quasi-projective scheme over R.
(2) If A" € Q(A), then HIY,(G) is open and closed in HA(G).

(3) The morphism [[areqa) HR,(G) — Ha(G) is an isomorphism.

(4) If G is finite and linearly reductive, then Ha(G) and HY(G) are finite over Spec R. If
G is étale and every localization R, is equicharacteristic, Ha(G) and HR(G) are finite
over Spec R.

The proof can be found in the appendix, Proposition



There is an action of G on Ha(G), by conjugation, leaving HR(G) invariant. Consider
the closed subscheme X, C X x HBT(G) defined as follows. Let (x,¢) be a point of
(X x HET(G))(S); that is, = is a morphism of schemes S — X, and ¢: p, g — Gg is
a monomorphism of group schemes. Then ¢ induces an action of u, ¢ on the S-scheme
S x X; we say that (z,¢) is in X, (5) if the section S — S x X defined by z is fixed under
the action of u, g.

The subscheme X, C X x Hi;r(G) is G-invariant; the projection X, — X is G-
equivariant, and defines a morphism of algebraic stacks [X,, /G| = [X/G] = X.

Proposition 1.1.2. The quotient stack [X,, /G] is naturally equivalent to I, X.

Proof. We can immediately exhibit an equivalence. Namely, let (£,a) be a S—point of
Z,,X: then § correspond to an equivariant morphism g: P — X, where P is a principal
G—bundle over S; moreover a gives a morphism p, g — G such that g factors through
P//J‘T,S — X. .

By definition these data give a unique equivariant morphism P — X x HET(G), and
it is immediate to see that it factors through X, . In particular they provide a well-
defined S—point of [X,, /G], and we immediately see that this map can be extended to
the morphisms (§,a) — (n,b), giving a stack map.

Conversely, given a principal G—bundle P — S and an equivariant map P — X, we
can compose it with the inclusion X, C X x Hiﬁr (G), giving two maps £: P — X and
P — HET (G). From the second one, quotienting by G, we get a map p,., — G5; moreover,
P — X being u, p-invariant, we have a map P/u, ¢ — X and p, ¢ — Gg factors through
Autg & This gives a morphism [X,, /G] — I, X, and we immediately see that it is inverse
to the above map. 'y

From this we can deduce the following important property.

Proposition 1.1.3. Let X' be an algebraic stack over R. Then the morphism Z, X — X
1s representable; moreover

(1) If X is tame, then I, X is also a tame algebraic stack; furthermore, the morphism
Ty, X — X is finite.

(2) If X is Deligne-Mumford and R is equicharacteristic, then I, X is also Deligne-
Mumford; furthermore, the morphism Z,, X — X 1is finite.

Proof. Let us show that, in both cases, the morphism Z,, X — X is representable and
finite. Formation of Z,, A commutes with base change on M, so the question is fppf local
on M. Locally on M the stack X is of the form [X/T"], where X — M is a finite morphism
and I' — M is a linearly reductive finite group scheme (in the first case, [2]) or an étale
group scheme (in the second case, [16], Chapter 6); by further refining in the fppf topology,
we can assume that I' is obtained by pullback from a finite linearly reductive group scheme
G over A. From the construction above we have a factorization

T, X C[(X x Hj (G))/G] — [X/G] = X

where the first homomorphism is a closed embedding, and the second is finite because of

Proposition . 'y



Remark. The proofs in the above paragraph show, in particular, the following: if X =
[X/G] with G = GLy g then I, X is the disjoint union

T, X = [ [X7/Calo)].
veCr(G)

v|=r

where o is any dual cyclic subgroup of type v.

Indeed, for any S the set Hi;ilr (G)(S) is parametrized by the dual cyclic subgroups of
GL,(S). For each such o, G acts on the set (X x H,,G)(S) with stabilizer Cg(o) (where
H,, is the subscheme of HET(G) parametrizing subgroups of type p). The result follows.

Functoriality of cyclotomic inertia stacks

If f: Y — X is a representable morphism of stacks, there is an obvious induced morphism
Ty f: 1Y — I, X: an object (n,b) € I, Y is sent into (fn, f, ob) € I, X, where
fn: Autgn — Autg(fn) is the homomorphism induced by f. The point here is that f,
is a monomorphism, because f is representable. If f is not representable then f; is not a
monomorphism, so (f7, f, o b) is not an object of Z,, X(S).

However, while the single r* inertia stacks are not functorial for nonrepresentable
morphisms, their disjoint union is functorial. Let us define the cyclotomic inertia Z, X of
X as the disjoint union of the Z,, X. Since there a finite number of r such that Z,, X' # 0,
the morphism 7, X — X is finite.

The stack Z, X has an alternate description that makes its functoriality properties
evident. Set p £ @n I, where the index set is the set of positive integers ordered by

divisibility, and homomorphisms p,, — p,,, are defined as z +— 2"/™_ Then U is a affine
group scheme over S, which is not of finite type.

Denote by Z,,__ X’ the stack that is defined as follows. An object (£, ¢) of Z, A over a
scheme S consists of an object £ of X'(S) and a homomorphism of group schemes ¢: po, ¢ —
Autg §. The arrows are defined in the obvious way. Forgetting ¢ gives a morphism Z,, X —
X.

There is a morphism Z,, X — Z,, X defined as follows. If (£, a) is an object of Z,, X'(.5),
we obtain an object (£, ¢) of Z,, X(S), where ¢ is the composite of a: u, ¢ — Autg & with
the projection p, ¢ — p, g. The definition for arrows is clear.

These give a morphism Z, X — 7,, X.

Proposition 1.1.4. The morphism I, X — 1, X defined above is an equivalence of stacks
over X.

Proof. Choose a positive integer N that is divisible by the orders of the automorphism
group schemes of all the geometric point of X. Then every homomorphism g, ¢ — Autg§
factors uniquely through py g. Hence we can restate the definition of Z,, X by taking
objects (£, ¢), where § is an object of X(S) and ¢: py g — Autg§ is a homomorphism
(this will actually give a stack that is strictly isomorphic to Z,,  X).

This gives a description of the stack Z,, X" as a quotient stack, similar to the one we
have given for Z,, X'. Write Y C X x Hy(G) for the closed locus defined by the subfunctor
of pair (£, ¢) such that ¢ is fixed under the action of py defined by ¢; then Z,, X = [Y/G].
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For each positive integer r that divides N, consider u, as a quotient of pp; there is
an embedding Hg‘r(G) C H,, (G). Furthermore, the intersection of ¥ with X x Hilfr (G) C
X x Hp, (G) is exactly the subscheme X, C X x HET(G) that intervenes in the proof
of Proposition so that [X, /G] = Z, X, and the morphism [X, /G] C [Y/G] is
isomorphic to the morphism Z,, X — Z,, A& defined above. The the result follows from

Proposition [A.2[[3)). ('

From now on we will identify 7, X with Z,, A&, via the equivalence above.

This description of Z, X makes its functorial property evident. If f: ) — X is a
morphism of stacks and (n,b) is an object of Z,X(S) = Z,_Y(S), then (fn,bo f,) is in
fact an object of Z,, X'(S). This function from the objects of 7,,) to the objects of Z,, X
extends easily to a functor Z,, f: Z,Y — I, X, such that the diagram

7,
Y LN T,X

! |

y_1 . x

is strictly commutative. This gives a strict 2-functor from stacks to stacks, sending X" into
I,X.

Yet another description of Z, X and Z,X is as follows. Suppose that (£, a) is an
object of Z,, X(S); here £ is an object of X(S5), and a: p, g — Autg ¢ is a homomorphism
of group schemes. This gives an action of pu., on &, which, in turn, gives a morphism
of stacks ¢: Bgpro, g — X. Conversely, such a morphism of stacks gives an object £ of
X(S), defined as the image of the trivial torsor p., ¢ — S through ¢, while the action
of po g on  is defined as the homomorphism p, ¢ = Autg po, g — Autg . This gives
an equivalence between Z, X' and the stack Homy (Bjpt,,, X), whose objects over S are
morphisms Bsp, ¢ — X. An arrow from ¢: Bspo, s — X to 1 Bgp, g — X consists a
morphism of schemes f: .S — T, and a 2-commutative diagram

BSI’I’OO,S P
[
/w
BSIJ’OO,T

in which the column is the homomorphism Bgp, ¢ — Brpe, r induced by f: S — T.

A similar description can be given for Z,, X. Consider a morphism ¢: Bgu, ¢ — X’; call
§ € X(S) the image of the trivial torsor, and a: p, ¢ — Autg ¢ the induced homomorphism.
Then ¢ is representable if and only if a is an embedding of group schemes. Hence Z,, X can
be described as follows: the objects of Z,, X" consist of representable morphisms Bsp, g —
X. The arrows can be described as in the case of Z,, X

For each r > 0 consider the automorphism group Aut u,. of p,., which is the group of
units in the ring Z/rZ. There is obvious strict right action of Aut p, on Z,, X', in which
an automorphism w of p,. sends an object (§,a) of Z,, X(S) into (§,a o u).

Consider now the profinite group Autp,, = @r Aut p,.; this acts on each 7, X
through its quotient Autp,. This induces an action of Autp., on Z,X = [[,.Z, X.
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This can also be described using the identification of Z,, & with Z;, X by the same formula
as above.

The stack-theoretic quotient [Z,, X'/ Aut p,] can be described as follows. Denote by
Dy, X the stack whose object over S are triples ({,0,a), where ¢ is an object of X(S),
o — S is a finite group scheme, étale-locally isomorphic to p, g, and a: o — Autg ¢ is an
embedding of group schemes over S. The arrows are defined in the obvious way.

There is a natural morphism Z,, X — D,, X that associates with each object (&, a) of
Z,., X (S) the object (§, . g,a) of Dy, X. This is easily seen to make Z,, X into a Aut p,-
torsor over D, X; the corresponding action of Aut p, on Z,, is exactly the one described
above. This construction will not be used in what follows.

1.2 Conventions and notation

Let us fix the notation. Let A = Spec(R) be a noetherian excellent connected scheme; all
the objects in the subsequent sections will be intended relative to A.

In particular let X = [X/G] be a separated algebraic stack, with G = GL,,, x- - -xGL,, a
finite product of general linear groups. Moreover, we will always assume that the cyclotomic
inertia map Z, X — X is finite: this is fundamental to compare the K-theory of Z,, X and
that of X via the push-forward map.

It is easy to see that the cyclotomic inertia is not finite over X whenever there is a
stabilizer diagnalizable group scheme degenerating to a non-diagonalizable group over a
closed subset: for example when X = BrG with R a dvr such that G is diagonalizable
over the generic fiber and unipotent over the special fiber. We may consider G = Z/pZ
over Spec(Zy) or G = Spec(Fy[z, y](2)/(yP —1)) as a group scheme over Spec(Fy[z](,)) with
group law (y1,¥2) — Y1 + Y2 + = - y1y2. In those cases the fiber of Z, X — X over the
closed point of A is empty, while it is nonempty over the generic point of A: in particular
7, X — X cannot be proper.

Let C,-(G) be the set of types of dual cyclic subgroups of G, or equivalently the set of
constant dual cyclic subgroups of G. From now on, when we pick a dual cyclic subgroup
o C G of any given type, we will mean a constant representative of the type.

The group Aut(p,) has a natural action on C,(G), and we let C,.(G) be the set of orbits
for this action.

Finally, for a group scheme G of multiplicative type over A, let RG be the rational ring
of characters of G. If G = GL,, x --- x GL,,, let RG be the rational Grothendieck ring
of highest-weight algebraic representations of G (which is isomorphic to Z[T W', where T
denotes the characters of a maximal torus and W is the Weyl group of G).

Finally, for a stack X, let K/ (X') denote its algebraic K-theory of coherent sheaves.

1.3 The intrinsic decomposition of the K-theory
of a quotient stack

Fix now G = GL,, g.
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For any r > 1 we have a decomposition Ry, = HSV Q(¢s). We denote by Ro — Ro the
projection onto the Q(¢,) factor. Recall from [25] that if ¢ C G is a constant dual cyclic
subgroup, m, C RG is the maximal ideal that is the kernel of the composite RG — Ro —
Ro; this only depends on the type of . If M is an RG-module, the o-localization M, is
the localization My, . If o C G is a constant dual cyclic subgroup, then K (X, G), # 0 if
and only if X7 # (.

We define the multiplicative system X% = %, C Kq X' as follows. An element o € K, X
is in X, if for all representable morphisms ¢: Bsp, — X, where S is an R-scheme, the
projection of ¢*a € Ry, in Ry, = Q(¢,) is non-zero.

In particular, ¥; admits the following description. If Aj, ..., A, are the connected
components of X, then K, X = @, K, X;. There is a rank map rk;: K| X; — Q. Then
« is in ¥q if and only if rk; « # 0 for all 3.

A morphism f: Y — X of stacks induces a pullback homomorphism f*: Ko X — KoYV
(here by Ky we denote the naive ring of locally free sheaves on X'). If f is representable,
one immediately sees that f* carries ¥;¥ into Y. If f is not representable this is certainly
not true in general, but it is if r = 1.

Definition. The p,-localization K, (X), ) of K, X is the Ko X-module X1 K/ (X).

Set K (X,G) o [Lrec () K. (X,G)y, so that K (X,G) = [[,5, Ki(X,G)(). The
support of K/, (X, G), in Spec RG is the maximal ideal m, = ker(RG — Ro).

Let o1, ..., o be (constant) representatives of dual cyclic subgroups o € C(G) with
|o| = r such that K/ (X, @), # 0. Then

K(X,G) = [] K(X,G)o=][[K.(X,G)s,.
oeC(@G) =1

|lo|=r

Suppose that ¢: Bgo — X is a representable morphism, where ¢ is a constant dual
cyclic group over S. We may assume that there is an embedding o C Gg, and a rational
point p € X (S) which is fixed under the action of 0. Hence Xg # (), so o is conjugate to
some o; (that is it belongs to the same type). We say in this case that ¢ is associated to
g;.

Let o be any of the o;’s; we define another multiplicative system EUX =Y, CKyX as
follows: o € Ko X lies in ¥, if and only if for any S/A and any ¢: Bsu, — X associated
to o the pullback ¢*a € Ru, has a nonzero projection to f{ur.

Proposition 1.3.1. Let r be a fized positive integer and o € C(G) be a constant dual cyclic
subgroup with |o| = r such that K\ (X,G)y # 0.

(1) The projection KL(X,G) = [[,ec(q) Ki(X, G)s is an isomorphism.

(2) The p,-localization K, X — K(X), ) isomorphic to the projection K (X,G) —

(3) The localization ;1 K. (X) is isomorphic to K. (X, G),.

As a corollary, we get the following.
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Theorem 1.3.2. The projections K, (X) — K (X)(, ) induce an isomorphism

oy

KL() = [T KX)o -
r>1

Another consequence is this.

Corollary 1.3.3. We have K;(X)(M) % 0 if and only if there exists a geometric point of
X whose automorphism group scheme contains a dual cyclic subgroup of order r.

In particular when X is tame, K, (X) y = 0 for all v > 1 if and only if X is an
algebraic space.

(1

Proof of Proposition[1.5.1. We are going to prove the three stataments jointly. Let oy,
..., om be all the constant dual cyclic subgroups o € C(G) with |o| = r such that
K,(X, G)y # 0.

Call S, := RG ~ m, and S, C RG the multiplicative system RG ~\ (m,, U---Um,, );
the induced map S; 'K, (X,G) — [[%, K.(X, G),, is an isomorphism (this follows easily
from the fact that the support of K. (X, G) in Spec RG consists of a finite number of closed
points).

We claim that the images of S,,S, C RG in Ko(X,G) through the homomorphism
RG — Ko(X,G) are contained in 3,3, respectively. In fact, let a € S,, suppose that
Bso — X is a representable morphism, where o is a dual cyclic group over S; it is associated
to one of the ¢;. The morphisms RG — Ro; = Q(¢r) defined by the embedding o; € G
and the composite

RG — Ko(X, @) — Ko Bso = Ro — Ro = Q(¢)

defined by the morphism Bgo — X coincide; since by hypothesis a does not map to 0 in
Q(¢r), it follows that the image of a in Ko X' is in ¥, as claimed.
If « lies in X, the reasoning is completely analogous.

Notice that if a € Ko X = Ko(X,G), the multiplication by a on K,(X,G) gives a
homomorphism of RG-modules, so that it preserves the multiplication above. We get a
factorization

[ I
H K (X,G)o KL(X, G)(u,)

ceC(G)
lo|=r

we need to show that the resulting homomorphism

H K;(Xv G)a — K;(Xv G)(p,r)
ceC(G)

lo|=r

is an isomorphism.
Similarly we have a morphism K/, (X, G), — ¥, Kq(X') and we want it to be a bijection.
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These are equivalent to the following. First of all, notice that if a € Ko(X, G), multi-
plication by « gives an endomorphism of the RG-modules K/ (X, G), hence it descends to
endomorphisms of K/ (X, G), for each 0 € C(G). We need to prove that the if « is in X,
or in 3,, then « induces an automorphism of K, (X, @),. Actually, 3, C X, so me may
just suppose a € Y.

The proof of this fact is fairly long, and will be split into steps.

Step 1. Assume that G is a finite diagonalizable group over R acting trivially on an
affine scheme X. Then X is of the form X x 4 BRG (here the tensor products are intended
over Ko(A)). Then we have K, X = K|, X ® RG and Ko(X) = Ko X ® RG. Then C(G) is
the set of dual cyclic subgroups of G. We have a decomposmon RG =1]] sec(G Ra Then
K.(X,3), =K, X ®Ro and K. (X, Gy =K X @[ ]oecio) Ro. In partlcular ( ) follows

ol=r
immediately. "

The action of Ko(X, G) on K/ (X, G), is induced by the action of Ko(X,G) = Ko X ®Ro
on K'.(X,G) = K, X ® Ro, and this in turn is induced by the action of Ko X on K/, X.
This factors through an action of Ko X ® f{J; thus it is enough to show that the image of
ain K X ® Ro is invertible.

Let X1, ..., X, be the connected components of X. Then Ko X =[], Ko X;. There
is a rank homomorphism rk: Ko X; — Q, whose kernel is nilpotent ([L1], V, sect. 3); from
this we obtain a homomorphism

K’ X ® Ro — (Ro)™

with nilpotent kernel. Hence it is enough to show that the image of « in each copy of
Ro is non-zero. But «; is obtained as follows: choose a point Spec S — X;. This gives a
morphism BsGgs — X x BrG; by composing with the morphism Bgog — BsGs induced
by the embedding o C G; the resulting homomorphism Ko (X, G) — Ro is immediately
seen to coincide with the i*P homomorphism K/, X ® Ro — Ro. Since this is not zero, by
hypothesis, this concludes the proof.

Step 2: the case of a torus action. Here we assume that G = G}, is a split torus. If
Y C X is a G-invariant subscheme of X, we denote by ay the restriction of « to Ko (Y, G).
By noetherian induction, we can assume that ay induces an automorphism of K/, (Y, G),, for
all proper closed G-invariant subschemes Y — X. By [22] there exists an open G-invariant
subscheme U that is G-equivariantly isomorphic to a scheme of the form V' x (G/I'), where
I' C G is a finite diagonalizable subgroup scheme, V' is a scheme over R, and the action
of G on V x (G/T) is induced by the trivial action of G on V and the action on G/I" by
translation. By shrinking again V' we may assume that V is affine and connected.

Assume that X = U. In this case K (X,G) = K, (U,T) =K, U ®RI. If ¢ Z T, then
X7 = (), so that K,(X,G), = 0, and the result is obvious. If ¢ C T, then it is easy to
convince oneself that K (X, G), = K,(V,T'),, and so the result follows from the preceding
case.

If X # U, call Y the complement of U, with its reduced scheme structure. This is
G-invariant. For each i > 0 we get a commutative diagram

in(U,G) —— Ki(Y,G) —— Ki(X,G) —— Kj(U,G) ——— Kj_,(Y,G)

! | | | !

[, Kin(U,G)oe — [LK(Y.G)o — [, Ki(X,G)o — [[,Ki(U,G)0 — [, Ki1(Y,G)s
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with exact rows. Since the result is true for Y and U, so that the first, second, fourth and
fifth columns are isomorphisms, we see that the central arrow is also an isomorphism by
the ”five lemma”; so we have (1) as claimed.

As for the remaining points, we also have a diagram

LQU luy la laU l“y

in(U.G) — Ki(Y,G) — Ki(X,G) — Ki(U,G) — K ,(Y.G)

with exact rows. As before, the results follow.

Step 3: the case G = GL,,. Consider the standard maximal torus T" C G with its
Weyl group S,,. The subgroup o C G is conjugate to a subgroup of T', well defined, up to
conjugation by an element of S,, thanks to the following easy

Observation 1.3.4. C(G) is in natural bijective correspondence with the set of orbits for
the action of S, on C(T).

We have that the restriction map induces an isomorphism K/ (X, G) = K. (X, T)5 (see
Appendix B); moreover the map RGL,, — RT is a Galois cover with Galois group S,. In
particular for any R7T-module with finite support and o € C(GL,,) there is an isomorphism
Mg >~ H Mo"'

o'eSpo
We conclude that

H K.(X,Q), H K.(X,T),
ceC(G ceC(T)

and (1) follows.
If I' € S,, is the stabilizer of ¢ C T under the action of S,,, we deduce that

K.(X,G)y ~ K. (X,T)}

If B is the image in Ko(X,T) of a € Ko(X,G), then multiplication by 8 on K,(X,T),
is T-equivariant, and the its restriction to K,(X,G), = K,(X,T)L is multiplication by
a. Since multiplication by 8 on K, (X,T), is an automorphism, by the previous step, we
deduced that multiplication by « is also an automorphism, as claimed.

[ )

In the decomposition K}, X =[], K.(X), ) we split off the factor K/, (X)(,,), which we
call the geometric K-theory of X, and denote by K| (X)g, and the factor [], -, KL (X))
which we call the algebraic part of the K-theory of X, and denote by K/ (X)a. Thus we
have the fundamental decomposition

K, X = K, (X)g & K} (X)a.
As we already remarked, K (X), = 0 if and only if X is an algebraic space.

Proposition 1.3.5. Let f: Y — X be a representable morphism of stacks.
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(1) Assume that f has finite flat dimension. Then the pullback f*: K, X — K. Y preserves
the fundamental decomposition.

(2) Assume that f is proper and relatively tame. Then the pushforward f.: K, Y — K, X
preserves the fundamental decomposition.

Proof. Write X = [X/G]. Then we have the decomposition
KX =K,(X,G)= [] K.X,G),
oeC(G)
we have K/ (X)g = K, (X, Q)13 and K, (X)a = []rec() Ki(X, G)s; hence it is enough to

o#{1}
show that f* and f. preserve the decomposition

K.(X,G) = HK’XG
ceC(G)

Set Y &Y xy X; then Y is an algebraic space, since f is representable; furthermore

there is an action of G on Y such that Y = [Y/G] and the map f is G-equivariant. Then
K.Y = K.,(Y,G) and K/ Y acquires a structure of RG-module. Furthermore, f* and f,
are homomorphism of RG-modules, and the result follows from this. [

If f is not representable, it is immediate to give examples to show that the result above
can fail. However, we have the following important fact. The fundamental decomposition
K, X = K, (X)g & K, (X)a gives both a projection K, X — K/(X)g and an embedding
K, (X)g — K, X.

Proposition 1.3.6. Let f: Y — X be a homomorphism of stacks.
(1) Assume that f has finite flat dimension. Then there exists a homomorphism
friK(X)g — Kl(V)g

such that the diagram
K, X —» K{(X)g

[

K.Y — K.(V)g
commautes.
(2) Suppose that f is proper. Then there exists a homomorphism
fer KL(V)g — Ki(X)g

such that the diagram
K.(Y)g — KLY

A

K, (X)g — KL X
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commutes.

The maps K, (—)g < Ki(=) and K,(—) - K\(—)g in the diagrams above are the
embeddings and the projections coming from the fundamental decomposition.

The homomorphism f* and f, defined above are clearly unique; they make K/ (—)g
into a contravariant functor for maps of finite flat dimension, and a covariant functor for
proper maps.

Proof. The first part is a consequence of the fact that f: Ko X — Ko carries X¢ into
Y.

For the second part, write X = [X/G] and Y = [Y/H], where X and Y are algebraic
spaces, and G and H are affine algebraic groups acting sufficiently rationally on X and

Y. The projection X — X and the composite ¥ — Y i) X are respectively G and H
invariant. Set Z = X X xY’; there is a natural action of G x H on Z, and it is easy to see that
[Z/G x H| =Y. The projection Z — X is equivariant for the projection pry: G x H — G,
and the induced morphism

Y =[2/G x H — [X/G] = X

is isomorphic to f. The homomorphism f.: K,(Z,G x H) — K\ (X,G) is a homomor-
phism of RG-modules, where K/, (Z, G x H) is considered as an RG-module through the
homomorphism prj: RG — R(G x H).

Consider the decompositions

K,(2,GxH)= ][ K.zGxH),

pEC(GxH)

and
KXa= ][ KXo,

c€C(GxH)

If 0 € C(G), we can also consider the o-localization
K.(Z,G x H)y = (RG~m,) 'K,(Z,G x H)

of K,(Z,G x H); it is immediate to see that it coincides with the quotient

H K;(ZaGXH)P

pEC(GXH)
p—0o

of K'.(Z,G x H). If
n€K.(V)g=Ki(Z,Gx H)yy CK(Z,G x H)

the by definition the image of  in K/(Z, G x H), is zero for every o € C(G) with o # {1};
this implies that the image of f,n € K, X in

K(%a= [[ KU(X.Q
peC(GxH)
p#{1}

is zero, which implies f.§ € K/ (X)g, as claimed. [
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Remark. Actually, we can make the above proposition more precise.Suppose that we have
a morphism of stacks f: [Z/G x H] — [X/G] induced by an equivariant map Z — X.
Let p be a dual cyclic subgroup of G x H and o be its projection to G.

(1) The pull-back f* is a map of RG-modules, so it induces a map

KX, G)o = S KU(X,G) — S, 'KL(Z,Gx H) = ][] K.(ZGxH),

peC(GxH)
p—0o

(2) The push-forward f.: K, (Z,G x H) — K,(X,G) is a morphism of RG-modules. If
n € KL.(Z,G x H) has support p (so that its projections to the p'-localizations are
zero for any p' # p), then its image f.(n) projects to zero in K, (X,G), for every
o' # o: indeed for any such o' and p' — o' it holds that p' # p, and n has null
image in K\(Z, G x H)y. We conclude that n is zero when localized at o', since
K.(Z,G x H)gr = [l ycciaxm Ki(Z,G x H)y; being f« a map of RG—modules, f.(n)

/H*O'/
s also zero when localiged at o’.

In particular fin has support at o, and thus lies in K. (X, Q).
We will use the following facts, whose proof can be found in [20].
Proposition 1.3.7. Let i: Xeq — X be the reduction of X. Then
(I K;(Xred)g — K/*(X)g
s an isomorphism.

Proposition 1.3.8. Let m: X — X a representable finite faithfully flat morphism of
stacks. Then the sequences

0— K;(X)g = K;(X/)g TR, K (X xx X/)g
and

KL(X xx X)g =2 KL(X)g 75 KL(X)g — 0
are exact.

This is easily seen to fail for K-theory, for example, for the representable finite faithfully
flat morphism Spec k — B, G, where G is a nontrivial finite group scheme.

Corollary 1.3.9. Let T be a finite group, w: X' — X a Galois cover with group T'. Then
the pullback
T KL(X)g — KL (X)g

and the pushforward
Tt (KL )g)r — Ki(X)g

are isomorphisms.
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Here of course K/ (X’)g is the group of invariants, and 7. (K. (X")g)r is the group of
covariants.

This applies in particular when X is a quotient stack of the form [X/I'], where I is a fi-
nite group acting on a scheme X. In this case we have isomorphism K, ([X/I'])g ~ (K, X)!
and (K, X)p ~ K, (X)g.

Another way of thinking about K (X)g C K, X and K, (X)a C K/, X is the following:
K/ (X)g is formed of elements that come from schemes via pushforward, while K/ (X), is
formed of all the elements that pull back to 0 to schemes. This is probably true in general,
but we can only prove it for tame with quasi-projective moduli space.

Proposition 1.3.10. Assume that a tame stack X is of finite type over S, and has a
quasi-projective moduli space. Let & be an element of K, X. Then

(a) & € KL(X)a if and only if for every morphism f:Y — X of finite flat dimension,
where Y is a scheme, we have f*¢ =0, and

(b) & € K[ (X)g if and only if there exists a proper morphism f:Y — X, where Y is a
scheme, and a class n € K'Y such that £ = f.n.

Let m: X — M be the moduli space of X'; then we get a homomorphism
et KL (X)g — KL(M)g =K, M.

Theorem 1.3.11. The pushforward 7,: K\ (X)g — K\, M is an isomorphism.

1.4 The tautological part of the K-theory of the cyclotomic
inertia

Suppose that K is an extension of k, and let (§,a) be an object of Z, X'(K). The homo-
morphism a: pro, x — Auty € induces an action of p, ;¢ on &, which commutes with itself,
since pro, g is abelian; thus a can be considered as a homomorphism ., o — Auty (€, a).
We can think of this as follows: a morphism Bgp., i — & has a canonical lifting to a
morphism B pt, g — L, X, which we call its tautological lifting.

A morphism Bg po ¢ — L, X is called tautological if it is isomorphic to the tautological
lifting of the composite Br ptoo x — ZuX — X. Equivalently, we can define a tautological
morphism as follows. A morphism Bxp ¢ — ZuX corresponds to an object (£,a) of
7, X(K), together with a homomorphism b: p, i — Auty (&, a). This gives two action

of o i on &: one given by a: p, g — Auty &, and the other by the composite g g LA
Auty(§,a) € Auty £ The morphism B p., g — Z, X is tautological if and only if the
two actions coincide.

As we saw, there is an equivalence between morphisms By po, i — X and representable
morphisms Bxp, i — X for some r; hence every representable morphism By, i — X
has a tautological lifting Bxp, x — Z,, X. Therefore we can also talk about tautological
representable morphisms By p, g — I, X.

Let us define two multiplicative systems Ox C Ko(Z,X') and Ox C Ko(Zu&X) as fol-
lows. An element o € Ko(Z,X) is in Oy if for every representable tautological morphism
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¢: Brp, g — X the image of ¢*a € R, in Q(¢r) is non-zero. An element o € Ko(Z, &)

is in Oy if for every non-tautological representable morphism ¢: By,  — X the image
of p*a € Ry, in Q(¢,) is non-zero. (Here K is an extension of k.)

Definition. The tautological part of the K-theory of the cyclotomic inertia stack 1, X is
the localization K (Z,,X )t © @;(1 K (Z,X). The non-tautological part of the K-theory of

the cyclotomic inertia stack T, X is the localization K (T, X )t = é;(l K. (Z,X).

Alternatively, one can define K} (Z,, X)¢ (respectively K/ (Z,, X)nt) as the localization
of K/, (Zu, X) along the multiplicative systems in KoZ, X consisting of elements whose
image in Q((,) is non-zero for every non-tautological (respectively tautological) repre-
sentable morphism tautological representable morphisms Bgp, i — I, X. Clearly we
have K| (Z, X )¢ = B, K\ (Zy, X)¢ and K (Z, X )ne = B, 1 K (Zy, X)n¢. Furthermore, if
X is an algebraic space, then K/, (Z,X)s = K, X and K. (Z,,X)nt = 0.

The following property is also evident.

Proposition 1.4.1.
(1) The projection K,(Z,, X) — K (Z,, X)¢ factors through the projection

K. (T, X) — KL (Zu, X)) -

. . / / . . /
* * n *
(2) The projection K. (Z, X) — KL (Zy X)nt factors through the projection K (I, X) —
@s;ﬁ r K;(IMTX)(;L&) .

It is easy to check that the multiplicative systems Oy C Ko X and 5) x € Ko X are in-
variant under the action of Aut p., on Ko; hence we get an action of Aut g, on K/, (Z,, X).
By restriction, this gives an action of Aut p, on each K/ (Z,, X)s.

Let us describe the tautological and non-tautological parts of equivariant K-theory of
the cyclotomic inertia stack in equivariant terms. Assume that X = [X/G]|, where G
is a product of general linear groups. Let U C Z, X be a connected component of the
cyclotomic inertia stack Z,, X'. Recall that Z,, & is the disjoint union

T, X = [ [X7/Calo)]
aeCr(G)

o=

so U corresponds to some embedding o € C,(G). In K, ([X7/Cq(0)]) = K, (X,Cg(0)) the
multiplicative system ©y restricts to the X, relative to the embedding o «— Cg(0). In
particular, from Proposition we get

Proposition 1.4.2. If G is a product of general linear groups then

KTy X)e = P KX, Cal0)).
aeC(G)

From this description we obtain the following.

Proposition 1.4.3. The homomorphism K (Z,X) — K\ (Z,X)¢ x K, (ZuX)nt is an iso-
morphism.
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From this splitting we get an embedding K/ (Z,X)¢ C KL (Zp,X)(y )-

Proposition 1.4.4. Let f: Y — X be a morphism of stacks.

(1) If X and Y are regular, the pullback I, f*: K, (Z,X) — K. (Z,X) descends to an
Aut p -equivariant homomorphism

Tuf*: KL(TuY)e — KL(Tu X -

(2) If f is proper and relatively tame, the pushforward I, fy: K, (Z,Y) — K, (Z,X) car-
ries Ki(Z,X)y C K, (Z,X) into K (Z,Y)s C K, (Z,Y), and induces an Aut p.-
equivariant ring homomorphism K, (Z,,X)¢ — K, (Z,Y)s.

Proof. The first part follows from the fact that Z,, f*(©x) € ©y. Let us concentrate now
on the second one.

Suppose that Y = [Y/H| and X = [X/G] where X, Y are algebraic spaces and G, H are
general linear groups. Recall the following from the proof of Proposition there is an

H—invariant map Y — Y ER X;if Z =X xy Y, there is a natural action of G x H on it,
and [Z/G x H| = Y. The projection Z — X is equivariant with respect to 7: G x H — G
and induces a map

YV=I[Z/Gx H — [X/G] =X

that is isomorphic to f.

Let p — G x H be a dual cyclic subgroup, whose projections onto G, H are og,opn
respectively. Then Coyxp(p) = Calog) X Cu(om).

Let 0 := 0@; the map Z — X induces a morphism

[2°/Ca(o6) x Cu(on)] — [X7/Ca(0)]

and this is exactly the restriction of Z,, f to the component of Z,,) relative to p. The
induced map Z,, f. is a morphism of RCg(0)-modules.

We can now argue as in our Observation if n € K.(ZP,Cq(0) x Cy(om)) has
support p (so that its projections to the p’-localizations are zero for any p’ # p), then its
image Z,, f«(n) has support at o, and thus projects to zero in K/ ([X7/Cq(0)])nt.

This settles the proof. [

One can also prove that if f is representable, then 7, f. K, Z,Y — K| (Z,X) also
induces a pushforward K/ (Z,,))nt — K. (Z, X )nt, but we will not need this fact.
Let X be a stack, and denote by p = px: Z, X — X the canonical morphism.

Proposition 1.4.5. Let X be an algebraic stack with finite cyclotomic inertia. For any r >
0, the restriction py: K;(IHTX)?M”OO — KL(X) () of the pushforward p,: K, (L, X) —
K. X is an isomorphism.

Proof. Let us begin with the following

Lemma 1.4.6. Let X be a G—equivariant algebraic space and o C G a dual cyclic subgroup.
Then the push-forward map (j,)«: Ki(X7,Cq(0))e = Ki(X,Cq(0))s is an isomorphism.
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Proof. Let Y := X — X7; we have an exact sequence

L (Y, Cal0))r — KY(XT, Ca(o))s 225 KX, Cal(0)y — Ki(Y, Cal(o))s
and Y7 = 0, so K}(Y,Cg(0))s = 0 for all i by Corollary [ )

Step 1. Suppose first that X = [X/T], where T is a split torus and X is a separated
scheme.

By Lemma([1.4.6] for any o € C,(T) the push-forward (jo)+: KL.(X,T)s — K,(X,T),
is an isomorphism.

But p, factors as

s K (X7, T), 24, P KX, T)y — KX, T
oeCr(T) o€C(T)

and the thesis follows.

Step 2. We can finally suppose that X = [X/GL,], where X is a separated algebraic
space; now the naive application of Lemma, does not give the full result, but we will
reduce to the previous case.

Let T be a maximal split suborus of GL,, and let ) := [X/T].

Let us describe the cartesian diagram

T, X xxY 25y

! |

T,X —L X

We have

z.x= [l [X7/CaL.(o).
0€C(GLyp)

Furthermore any o € C(GL,) has a representative whose image is a subgroup of T, whence
we may assume that 7' C Cgqr,, (o). Fix any such o.

Lemma 1.4.7. Let X be a G—equivariant scheme and G',G" subgroups of G. Consider
the cartesian diagram

s 1x/6"

l |
[X/G'] — [X/G]
Then S = [(X x G)/(G' x G")], with an action given by (z,9)(g, g") = (xg’, g 'gg”).
The map p' is induced by (x,g) — x, while p” is induced by (x,g) — xg.

Remark. The definition of S might look asymmetrical, since we could make G' x G" act
by (z,9)(g,g") = (xg”,g" 'gg'); however this is not the case. In fact the automorphism
of X x G given by (z,g9) — (xg,g97") is equivariant with respect to the two actions.
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Proof. Let us consider the following diagram, where every square is cartesian:

X xG S’ X
! L,
S" S —— [X/G"]

| bl

X — [X/G] —— [X/G]

The horizontal and vertical maps X x G — X are the multiplication and the projection
onto the first factor, respectively.

By base-change, X x G — &’ is a G’ —principal bundle. We conclude that &’ = [(X x
G)/G'], where G’ acts as (z,9)g’ = (zg',g '9).

Analogously, 8" = [(X x G)/G"], where G" acts as (z,9)g" = (z, gg").

Finally, the map S” — S is a G’-principal bundle, so that

§=[8"/GT=[(X xG)/(G'x G")],
where the action is easily seen to be the one given in the statement. o

Thanks to this lemma, we have a commutative diagram

(X7 x GLn)/(CaL, (o) x T)] —— [(X x GLy)/(Cav, (o) x T)] —— [X/T]

I ! !

[X?/CqL, (0)] [X/CacL, (0)] ———— [X/GLy]

where the squares are cartesian.

Let us consider the conjugacy classes of dual cyclic subgroups ¢ C (Cqr, (o) x T') who
lie over o and have fixed points in X7 x GL,. If & is such an element, let G’ — GL, be
the projection onto GL,, of the fixed locus of . Calling ¢’ the projection of & on T', we
must have that the conjugation map G’ x GL,, — GLy, (g,s) — g~ 'sg, sends o to o’.

We conclude that the sought & are exactly those given by the embeddings o — (0,0") C
(Car, (0) x T), where ¢’ is a conjugate of o lying in T. Besides, we can assume that
o' = g 'og, where g € S,, is a permutation matrix, thanks to our Observation m

The Weyl group W = S,, = Ngi,, (T')/T acts on the set of the ¢’s, and the stabilizer of
any element is the Weyl group of Cgr,, (o), which we will denote as A,.

For any such & = (0,g 'og) there is a commuting diagram

[X7/T] " [(X° x GL,)/(Car, (o) x T)]

|7

[X7/Car, (o))

There is a group morphism 7' — Cqr,, (0), t — (t,g~'tg), and iz is induced by = — (z, g),
which is equivariant with respect to the previous map.
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The subscheme of g-fixed points in X7 x GL,, is X? x Cqr, (0)g and & is central in
CaL, (o) x T. So the map

[X°/T] = [X? x CqL, (0)/CaL, (0) x T| — [X? x GL,,/CqL, () x T]
is just the morphism induced from the inertia map
p: L[ X x GL,/Cqr, (0) x T] — [ X7 x GL,/Cqr, (o) x T7.
Let us call, again, ¢’ the dual cyclic subgroup ¢ 'og C T. By Lemma the maps
(Ja)x = (p' 0ig)s: KL(XT,T)gr — KL (X, T)or

and
(i5): KX, T)y — KL(X° x GLy, Car, (o) x T)s

are isomorphisms.
In particular p/,: K, (X x GL,,Cqr, (0) X T)s — K, (X, T), is an isomorphism.

Since the map 7* induces an isomorphism K/, (X7, Cqr,, (0)) ~ K, (X7 xGL,,, CgL, (o) X
T)W, we conclude by Observation that for any & above ¢ it gives an isomorphism

K/ (X%, CaL, (0))o =~ KL(X° x GLy, CqL, (0) x T)5°

Let I'; = (N, (T') N Ngw,, (o)) /T be the stabilizer of ¢ C T for the action of W on C(T).
Again by Observation we infer that 7* induces an isomorphism (see Appendix B)

K\ (X,GL,), ~ KL(X,T)L7
Now, by Lemma there is an exact sequence
0— Ay — Ty — wgr, (0) — 0

so we have a commuting diagram (as flat pull-backs and proper push-forwards commute
in a cartesian square)

K; (XU7 CGLn (U))g)GL’ﬂ (O’) # K; (X, GLn)g’

[ -

/

K., (X x GLy,Car, (o) x T)Y" —— K. (X,T)'7

The two vertical arrows are isomorphisms and so is p,,. We see then that p, is also an
isomorphism, and this concludes the proof.

[ )

Corollary 1.4.8. The pushforward p, induces a group isomorphism
ot KL(T X)) e ~ KL X

Furthermore, py is covariant for proper morphisms.
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1.5 The twist map

If X is a noetherian algebraic stack, we denote by €oh X" the category of coherent sheaves
on X. If G is a finite diagonalizable group scheme over R with character group G =
Hom(G, Gy,), then the K-theory group of the product X x BrG is the tensor product
K, (X) @k 4y RG. The point here is that the category €ob (X x ByG) is the category
of coherent sheaves on X with an action of GG, which in turn can be identified with the
direct sum of categories Dy Coh X, by the usual splitting of quasi-coherent sheaves with

an action of GG into eigensheaves. If I’ is a coherent sheaf on X and x € é, we denote by
F ® x the sheaf F' with the action of G defined by x, considered as a sheaf on X ® BrG.
Fix a positive integer r. There is a morphism

(0% IHrX X BRUT —>IH«7~X

that is defined, at the level of objects, as follows. Let (£, a, P) be an object of Z,, X x Brpu,
over an affine scheme S; here { is an object of X'(S5), a: p, ¢ — Autg ¢ is a monomorphism
of group schemes over S, and P — S is a p,-torsor. By descent along P — S we ob-
tain another object £p of X(S), which we can think about as the quotient (§ x P)/pu,;
the automorphism group scheme Autg&p — S is the twisted form (Autg)p obtained by
descent along P — S using the action of u, g on Autg ¢ by conjugation. Since this action
by conjugation leaves a invariant, we obtain a homomorphism ap: p, ¢ — Autg&p. This
gives an object ax(§,a, P) = (§p,ap, P). The effect of ay on arrows is clear.

We will refer to this morphism as the twist map.

Equivariantly, if X = [X/G], on any component [X?/Cg(0)] x Bro the map ay is
given as follows: there is a projection

m: Cg(o) x 0 — Cg(o),

corresponding to the multiplication map (this is a morphism of groups), which induces a
map [X7/Cq(0) x o] = [X7/Cq(o)]. This coincides with ay.

Now consider the disjoint union
T, X = [ [ Zu, X x Brp,.
T

For any f: Y — X the map Z,, f induces a morphism 7, X Brptoo g — ZpX X Britoo R
and by projection a map o -
Tuf: 1,y — I, X.

Let us define a multiplicative system Qx C Kj, (I;VX ) as follows: for any component Z,, X' x
Brp, consider the representable morphisms ¢ from Bru, into it, that are trivial on Z,, X
and the identity on Brp,; o € Ki(Z, X x Bgu,) lies in Qy if and only if ¢*a has a
nontrivial projection on ﬁur for any such ¢. Qu is the multiplicative systems generated
by those elements for any r.

The localization Q' K/,(Z, &) can be described in equivariant terms. If X = [X/G] (G
a product of general linear groups) and o C G is a dual cyclic subgroup then Q3! K/, ([ X7 /Cg(0)]x
Brp,) coincides with the localization - as a R(Cg(0) x p,.)—module at the dual cyclic sub-
group ¢ = Id x pu,. — Cg(o) X p,.

26



Definition. Let the tautological part K. (Z,,X)¢ of K'(Z,,X) be the localization Q3" K.(Z,X).

The projection K, (I:j\’ ) — K., (I:jt' )¢ has a natural splitting, which we shall describe
below.
For any d|r we have that K} (p,)(,,) ~ K.(A) ® Q((a), hence there exists an immersion

ia : Q(Ca) = R(p)-

We can describe it explicitly: let us define the polynomial

-1
(DFRES = | | bdy
®d p
1|r
di£d

and note that 1¥4({yq) # 0; then for any x € Q((4) we can choose a polynomial p, such that
pe(Ca) = 2 - 1a(Cq) ™" and it holds that

ia(x) = po - Ya(t) € Qt]/(¢" — 1) = R(p,)
This definition is manifestly independent of the choice of p,, since it is well-defined up to

multiples of ¢4(t) and ¥4 - ¢4(t) = 0 in R(w,.).
In particular i;: Q — Q[t]/(t" — 1) sends ¢ € Q to ql—i-t%—i-t*‘l

Since we also have an immersion K, (Z,, X)g — K, (Z, X) we can combine it with 4,
to get a map

K;(Iurx)g ® Q(¢r) — K;(IMX) QKo (A) R(u,) = K;(IMTX X Brut,).

This is the required splitting, since S5 ' K/ (I/“:; ) =K (Zy, X)g @ Q).

Proposition 1.5.1. Let f: Y — X be a proper map of quotient stacks. Then Ifu\ﬁ carries
K (Z,Y)s into KL (Z,X)¢ and induces a ring homomorphism on the tautological parts.

Proof. As we already did, we can suppose that J = [Y/H] and X = [X/G] where X,Y
are schemes and G, H are general linear groups. If Z = X xx Y, there is an action of

G x H on it, and [Z/G x H] = ). The projection Z — X is equivariant with respect to
m: G x H— G and induces a map

Y =[Z/Gx H] — [X/G] = X

that is isomorphic to f.

Let p — G x H be a dual cyclic subgroup, whose projections onto G, H are og,opy
respectively. Then Coxp(p) = Calog) X Cy(om).

Let 0 := o¢g; the maps Z — X and Brp — Bro induce a morphism

[ZP/CG(Ug) X CH(O'H)] X BRp — [XU/Cg(O')] X BRO’

and this is exactly the restriction of f;? to the component of f;j/ relative to p. The
induced map I/,:ﬁ is a morphism of R(Cg(0) X o)-modules.

Suppose that v € K, ([Z°/Cq(o¢) x Cu(om)] X Byp) has support at p = id x p C
(Celog) x Cr(om)) x p. Then I/M\ﬁ(u) has support at (= id x o), by the argument of
Observation [[.3

[ )
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Composing the covariant inclusion K, (Z,,X); — K.(Z,X) with (ax).: K,(Z,X) —
K\ (Z,X) we get a map

B @K;(IMTX)g @ Q(¢r) — KL(Zp ).

This is clearly covariant with respect to proper push-forwards.

1.6 The main result

We are now ready to state the main results of this paper, that is a Riemann-Roch formula
for the K —theory of quotient stacks with finite cyclotomic inertia.
Let X be such a quotient stack. Then we have a map given by the composition
« * Aut 72
A « [es}
KL () 25 KL 25 (@D KU(T, X)g 2 Q)
T

(the last arrow is the composition of a% and the projections Ry, — Q(¢.)). The main
result of [25] says that this is a controvariant isomorphism of algebras. Our goal is to
replace it with a covariant isomorphism of Q—modules, which we will call the Lefschetz-
Riemann-Roch isomorphism. We will prove the following

Proposition 1.6.1. Sy factors through K, (Z,X)¢ — K,(Z,X) and induces an isomor-
phism
Ba: EB K;(Iurx)g ®Q(¢) — K;(qu)t-
",

Recall from Proposition that there is a group isomorphism
A
pe: KL(Tu ) " = KL(X)
so we have a covariant map

_ A
Ps b K, (X) — K;(IH/Y)t b,

Aut p
Let ry: (@T KL (Zy, X)g ® @(Cﬁ) P K’ (X) be the isomorphism given by the

composition p, o Bx. Then the map £ :=r; ! gives

Theorem 1.6.2. Let X be a quotient stack with finite cyclotomic inertia over a base
scheme A = Spec(R). Then the above map gives a Lefschetz-Riemann-Roch isomorphism,
which is covariant with respect to proper push-forwards of relatively tame morphisms:

L KL(X) — (@ K. (T, X)g ® @(g))Aut“""

The formula £ = p, o By is, of course, valid for any quotient stack. However if X is
regular we can express L in a different way, much more feasible for calculations.
Let us consider the map r* given by the composite

A1 (M) TLp*

K () 200 g it O (KU, g2 0G)

28



where A is the conormal sheaf for p: ZX — X and the last map is - obviously - composed
with the projections R(u,) — Q(&).

Our comparison theorem is as follows:

Theorem 1.6.3. Let X' be a reqular stack with finite cyclotomic inertia over A. Suppose
that X is either

1. of the form [X/G], where X is a scheme and G is a finite flat group scheme over A,
2. Deligne-Mumford
3. tame.

Then the composition

Ut fhog

rror: (@ K, (Zy X)g ® @(Cr))Auww — (@ K\ (Zy, X)g ® @(Cr))A

is equal to the endomorphism that on each component K., (L, X)g®Q((,) is a multiplication
#(r)

by the rational number =~

In particular the Lefschetz-Riemann-Roch map, in the regular case, is equal to € T
d
o(d)

Remark. If X is regular, then the cyclotomic inertia is also reqular. Indeed, taking X =
[X/GL,] we have that X is reqular and, by [1])], Lemma 2.3, X is also regular for any
dual cyclic subgroup o C GL,.

We are now ready to give the proof of our main result, which amounts to the proof of

Proposition [I.6.1}

Proof. We can suppose X = [X/G], where X is a scheme and G is an algebraic group.

Recall that K, (X7,Cs(0))g ® Q(¢) is the localization of K, (X7, Cq(0) x o) at 6 =
id X 0. The image of & for the multiplication map m: Cg(c) x 0 — Cg(0) is o so that, by
Observation Bx induces for any o € C,(G) a map

Bro: K (X7,Cq(0))g ®Q(¢) — KL(X,Cq(0))o.

We are left to show that these are isomorphisms.

Step 1. We treat the case where X is the classifying space of a finite diagonalizable
group scheme. For any i we have Kj(X) = Kj(A4) ®k; 1) Ko(X), so we just need to prove
the theorem for i = 0.

Suppose first that X = Brpu,,, for any n. In this case we can just verify the claim with

a very easy calculation.
For any d|n the map By 4 does the following: firstly we have an immersion

Ko (kn)g @ Q(Ca) = Q@ Q(Ca) = Rlpn) @ Rlpg) = QIt]/ (" — 1) ® Q[s]/(t! ~ 1)
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. n—1
which sends ¢ ® z to (B @ (p,, - h4(s)).

Finally we compose this map with (ax)«: R(p,,) ® R(pg) = R(py,)-

In this case we have a very explicit characterization of (ax)«: indeed it is the push-
forward induced by the multiplication morphism

md:l,l/dxl,l,n—>l.,l/n

and it just takes the invariants relative to the subgroup ker(mgy) = {(z,271): z € py}. In
particular it is quite easy to convince ourself that (ax )« sends ¢! ® s/ to ' if i = j (mod d)
and to 0 otherwise.

We see then that the restriction

1+t4--- 4"t
n

(ax)e: Rpg) = ( ) @ Rlpg) — R(n,)

sends the image of a polynomial p to

th—1

1
(14— T
pr(L+t% -+ =p 1)

which is nothing but 1/n times the push-forward R(p4) — R(u,,) induced by the immersion
Hqg = -

Now consider the map Bu,; — Bp, induced by the immersion p; — p,,; it is a
finite representable map, and induces isomorphisms Q ~ (Rpy)e — (Rp,)e ~ Q and
(Rprg)p, — (Rppy,) - We thus get a commutative diagram

BB
Q(¢a) ® (Ritg)g — Rpg @ Ry —5 (Rpsg)p,

! | !

BBy,
QCa) ® Rptn)g — Rptg ® Ry, — (Rpty ),
By the above computation, the top row is equal to é: Q(¢q) — Q(¢q), and is an iso-
morphism. We conclude that By (4y: Q(Cq) — R(pty,)p, is also an isomorphism.

Suppose now that X = BrA is the classifying stack of a finite diagonalizable group
scheme of order n.

Let us fix an immersion ¢: p; — A. The injection Q = R(A)g < R(A) sends 1 to 1/n
times the regular representation of A: this follows immediately from the commutativity of
the diagram

Q = K)(Brl)g —— Q = K)(BrA)g

| |

Q = K)(Brl) —2— K}(BrA)
where j: Brl — BrA is the map induced by the inclusion of the identity subgroup. Indeed

7 9e: K{(Brl)g — K{(Brl)g is the multiplication by n map and j* is an isomorphism of
fields, so the above j, is a multiplication by n.
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Then we conclude, as before, that the restriction

() Ripsg) = (

is 1/n times the push-forward map i, induced by i: u; — A: indeed (ay)«(d ® s') = § if
O, = s’ and is 0 otherwise.

We then see, exactly as before, that in the general case Bx u,: Q((q) — R(A) is still
a multiple of the immersion induced by the canonical decomposition of R(A) and thus an
isomorphism into the p -part.

Hq

Step 2. Now we can handle the case where X = [X/T] is the quotient of an algebraic
space by a split torus. We proceed by noetherian induction on X7, the base case where
X7 is empty being tautological.

By Thomason’s generic slice theorem for torus actions there exists a T-invariant nonempty
open subscheme U C X7, a subgroup 7" of T and a T-equivariant isomorphism

U° =U ~T/T x (U/T).

Since T acts on X with finite stabilizers 7" is finite and diagonalizable. Let Z = Z7 :=
X7\U; there is a localization exact sequence

— K|(Z,T)g @ R(0) — Ki{(X,T)g @ R(c) — K/(U,T)g @ R(0) —

lﬁz,a lﬁX,cr lﬁU,a

—— Ki(Z,T)g —— K{(X,T)g ——— K(U,T)g ——

By the five lemma and the inductive hypothesis we just need to prove the theorem for
U. But in this case K, (U,T) ~ K, (U/T)g ® R(T") and the map Sy, is induced by

Bon(r)o: R(T)g ® R(0) — R(T"),

We have reduced ourselves to the case of the first step, which has already been handled.

Step 3. We can now conclude the proof dealing with the case X = [X/GL,]: it follows
almost immediately from the previous one.

Let T C GL,, be a maximal split torus and Y := X/T; as always we can assume that
o factors through 7. Let m: X?/Cqr, (0) — X?/T be the projection; this map is repre-
sentable, so 7* is a map of R(GL,,)-modules and preserves the fundamental decomposition
of K,(X7, Cay,, (7).

Let us be more precise. Let A, be the Weyl group of Cqr,, (0); any ¢’ € C(CqaL, (o))
can be identified with an orbit of the action of A, on C(T): we can pick any representative
for the elements of this orbit, and with an abuse of notation we will call it ¢’ again. Let
I,y C A, be the stabilizer of ¢/; the map 7* sends K/, (X7, CqL, (7)), isomorphically to
K. (X7, 7).

a./
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Obviously I'y =T'y; = A, and there is a commutative diagram

KL(X7, Cal0))g @ QG) —25 KL(X7, Cal0))s

- -

KL(X7, T) © Q(¢) — 27 KL(X7, )

To conclude the proof we just need to see that the bottom map is an isomorphism: this
follows from the previous case. [

Now we prove Theorem It is an immediate consequence of the two Lemmas we
give below.

Lemma 1.6.4. The composition

e P
KT, )0 25 K () 2 KL (7, )0

*
is a multiplication by ¢(r).

Remark. This result is nontrivial, even if we assume the self-intersection formula. Con-
sider for example the case X = BS3 and r = 2; we have I,,,BS3 = By and p*p.: Rpy —
Ry, sends f € Qt]/(t2—1) to f+ f(1)(1+t). Thus the result only holds, in general, after
passing to the tautological part.

Proof. Consider first the case where X = [X /T is the quotient of an algebraic space by the
action of a torus. Let us fix a dual cyclic subgroup o ~ p, C T and consider the o—local
part of the k-theory K’ (X). We have a map

Aut(p,) ),
P KA, ),) T KX, T),
peAut(p,.)

and, obviously, Aut(u,) acts freely on the left factors. In particular an invariant element is
of the form (z,x,...) (where we have identified the factors via the obvious isomorphisms)
and its image in K/, ([X/T]) is ¢(r) -ix(z), where i: [X7/T] < [X/T] is a closed embedding,.
By the self-intersection formula we have

A (M)t (n) = 2

so the composition

Aut(p, _ —1. % Aut(p,
B xx.n,) " ek, 2 @y ki xe0),n),)
peAut(p,.) peAut(p,.)

sends (z,x,...) to (¢(r)z, ¢(r)z,...), as we wanted to see.
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Now let us deal with the general case, and suppose X = [X/GL,]. Let us fix a split
maximal torus T' C GL, and a dual cyclic subgroup ¢ ~ u, C T. We saw that there are
commutative diagrams

/

[X7/T] — [(X? x GLn)/(Car,(0) x T)] —— [X/T]

x} lﬂl l”

[X7/Car,(0)] ——"—— [X/GLy]

where the right square is cartesian. The action of Cqr,, (0) xT on X x GLy, is (c, t)(z, g) =
(rc,c tgt), n’ is induced by the projection on the first factor and p’ is induced by (z, g) —

x-g.

For any g € GL,, permutation matrix we can form a dual cyclic subgroup ¢ = (o,0’) =
(0,97 tog) C Cgr, (o) x T and these are the only ones who lie over o. Moreover, for any
such g, there is a homomorphism 7' — Cgr,, (o) x T, t — (t, g~ tg) and a closed embedding
iz: [X7/T] — [(X? x GL,)/(CqL, (o) x T)] induced by the equivariant morphism z —
(z,g). The diagrams

X7/T) %@anc@m X T)
[X?/Car,(0)]

are commutative.
We now prove that the composition

K' (X% x GLy, Car. (0) x T)s 25 KL(X, T)or L% K (X7 x GLn, Car (o) x T)s

is the multiplication by A_1((7")*(N))s. Since (i5)s: KL(X7,T)y — KL (X7 xGL,, Cqar, (o) x
T)s and i%: K, (X7 xGL,,Cqr, (o) xT)s — K, (X?,T), are isomorphisms, it is sufficient
to prove that for any x € K, (X7,T), it holds that

i5((0) P ((i5)(2))) = i5((i)«(x) - A1 ((x')"(N))3).

Let N, be the conormal bundle of i5: [X7/T| — [(X? x GL,,)/(CqL, () x T)], and N be
the conormal bundle of p' 0 iz: [X7/T] — [X/T]. Finally, let N be the conormal bundle
of p': [(X? x GL,)/(CqL, (o) x T)] — [X/T]. Since the square of the above diagram is
cartesian, we have (7')*N = N’, so there is an exact sequence

0 — Nov — Np — it (7')*(N) — 0
which implies that A_1 (% (7')*(N)) - A1 (Nyr) = A_1(N7).
Using the self-intersection formula twice, we then see that
5 ((0) 0. ()4 (@) = TA1(NT)or = A1 (N Jor A1 (A0 (Ao = 6

as we wanted.
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Now, we note that W = S,, acts on the set of the &’s, and the stabilizer of each of
them is A,, the Weyl group of Cqr, (0). Moreover W acts on the set of the dual cyclic
subgroups o/ C T that are in the same (GL, - ) conjugacy class of o, and the stabilizer
of this action is I',, the normalizer of ¢ in GL,. Finally we saw that there is an exact
sequence

0— Ay — Ty — wgL, (0) — 0

Now we want to compute the composition of

Aut(p,
D K e, o)) " KX L),
d)EAut(o)/wGLn(a)
with
’ A1 (N)~p* 1 (v (o) Aut(p,.)
K.(X,GLp)g — ( D K (X ,CGLH(U))U) :

peAut(a)/war, (o)

By the same argument of the case X = [X /T, the above composition sends (z,z,...) to
(% A (M) p*pu(a), % A1 (V)T p*pu(), . .. ), where p*p, denotes the
composition

-1, %
KL(X7, G, ()5 25 KL(X, GLy)p 225 KX, Ca,, (0)5 .

To compute this, let us consider the commutative diagrams

K, (X7, Car,, (0))s = K.(X,GLy,),
Jor I+
w / w
(@ KXY xGLy, Car,(0) x TNy ) o (@D KUXT))
gEW/AO— g€W/Fa
and
-1, %
KL(X, L), A KL(X°, Ca, (0))
J/ﬂ,* i(ﬂ_/)*
1%% —1, % w
(@ ®ED,) 2 (@ KUY x GLy, Car, (0) x T))7)
geEW/Ty gEW/ Ay

Fix any g € W/As (recalling 6 = (0,0") = (0,9 '0g)) the map p’, sends

P KX x GL,, Car,(0) x T)s — KL(X, T),

pEJWAL, (0)

The map (7')*A_1(N) "' p*p« takes an element (z,...,¢(x), ... )peguqr, (o) but when z is
I',-invariant it is of the form (z, z, . .. ), so the above map is |wgr,, (0)] times the composition
K' (X% % GLy, Car, (o) x T)L7 25 KX, T)5r 205 KL(X7 x GL,, Car, (0) x T)L7
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We have showed that this composition is the multiplication by A_1((7')*(N))s, thus the
map

-1, %
K (X?, Car,, (0)5 7 25 K (X, GLy )y 25 (X7, Car,, (0)) 50
is a multiplication by |wgar, (0)]. Given z € K/ (X°, CGLH(J));UGL"(U), we conclude that
¢(T) —1 * ¢(T) 1 "
(o (@] Ao e Ty A 0ot )
is equal to (¢(r) -z, ¢(r) - x,...), as we wanted to prove. Py

Lemma 1.6.5. Let X = [X/G] and 0 ~ p, be a dual cyclic subgroup; let T,X =
[X?/Cq(0)]. Then the composition

KL (T, X)g0Q(G) = Ko(Z,X)@Rp, 25 KL(T,X)s 2 KL(Z,X)@Rp, — K. (T,X)g2Q(()
1s a multiplication by %

Proof. Suppose first that X is of the form [X/G], where X is a scheme and G a finite group
over Spec(R). Consider the stack Y := [X7/o]; then we have an obvious map Y — X,
which induces a map Z,) — Z,X. The latter is the finite covering [X7 /o] 5 [X7/Cq(0)]
by the group I' := Cg(0)/o. By Proposition the push-forward 7, is a surjection in
geometric K-theory.

The stack Z,)Y = X7 x Bo is the classifying stack of the constant group o over S := X°.
In particular there is a surjection m,: K, (S) ~ (Rog)g = KL.(X7,C(0))g-

We get a commutative diagram

Q(¢) ® (Ros)g — Ry, @ Rog —22 (Rog), o, Ry, ® Rog —— Q(¢r) ® (Ros)g

! ! L ) !
Q) ®KL(T,X)g — Ry, @ KL(Z,X) 25 KL (T,X), 25 Ry, @ KL(T,X) — Q(G) @ KL(T,X)g

To see that the right half commutes, note that the push-forward =, of an element of the
form EQV, where £ is a sheaf on X7 and V' € Rog, is just the virtual sheaf S®(Ind§c(a) V)
seen as a Cg(0)-equivariant sheaf on X7; then we may just check the commutativity when
X = R, where it is clear.

As we have already seen, the composition of the top rows is

14+ +at
T

A
K;(S) ® Q(CT) — RI"’T’,S = RHT,S ® — RHT,S
where A sends 2 ® 27 to §;;2%, and is equal to % times the canonical immersion K/, (S) ®
Q(¢r) = Ry, g, whence our claim holds - trivially - for the top row. But the map
(Rog)g — KL(X7,Cq(0))g is a surjection, so it also holds for the bottom row and the
claim is established.

Suppose now that X is Deligne-Mumford or tame. We use the following lemma (see
Appendix C), based on a technique of Toen ([24], Proposition 4.9) and a technical result
by Vistoli ([27], Lemma 2.7):
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Definition. Let X be an algebraic stack. We call Chow envelope a finite representable
map such that the push-forward Ip: T,F — L1, X is surjective.

Lemma 1.6.6. Let X be a DM or tame quotient stack. Then there exists a Chow envelope
p: F — X with F a disjoint union of neutral gerbes.

From the previous discussion it follows that we have the result in the case when X =
BsG for a finite group-scheme G over a scheme S; in particular we have it for F. Now
consider the diagram

Q(Cr) ® K;(Iurf)g B Q(Cr) ® K;(Iurf)g

le* J/Ip*

QG) @ KL(Zy, X)g —— Q) @ Ki(Zy, X)g

which is commutative since p is representable. Since ZX is regular we have a projection
formula for f = Zp, that is f.f*(§) = & - f«(Ozx). But f is finite and surjective, so that
f+«(Ozr) has everywhere nonzero rank in Ko(ZX). By Proposition it is invertible in
K (ZX)g, so we conclude that the vertical maps f = Zp, are surjective.

Now, the top horizontal map is a multiplication by % and Zp, is surjective, so the claim
also holds for the bottom map.

A

The combination of the two above lemmas gives immediately the proof of the theorem.

We conclude this section mentioning that we can compare our morphism with the Toen-
Riemann-Roch map ([24]). Let A = Q({) be the field generated by the roots of unity; for
any Z-module M we denote My the A—module M ®z A.

Toen, when X is tame and DM over a field, defined a map

KL(X)s — (KL(Z,, X)) |

by composing
" A N -1, o*
v KL A KT, 2 @D(KL(T,, X))aRu, — DKL (T, X)g)a2Q(G)

r

with the tautological maps (K (Z,,, X)g)a ®Q(¢r) = (KL(Zy, X)g)a given by z®(!: — z-(

This morphism is clearly the composition of our Lefschetz-Riemann-Roch morphism £
with the map
t: (KL (T, X)g)n © QG) MK — (KL (T, X)g)a

givenbyx@(ﬁ%@‘x(ﬁ.

With the machinery we have developed, we can immediately give a proof of the covari-
ance of Toen’s map: since we already know that L is covariant, we just need to verify the
following
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Proposition 1.6.7. The map t is covariant with respect to proper push-forwards of rela-
tively tame morphisms.

We conclude that the composition of ¢t with our Riemann-Roch map is a well-defined
covariant morphism, and it coincides with the Toen-Riemann-Roch map.

Before giving the proof, we begin with an observation. Consider two positive integers
r|n and the projection map f: Bu,, — Bu,.

As we have seen Zf,: K,(ZBu,) — K,(ZBu,) induces a map Zf.: K.(ZBu, )t —
K/ (ZBw,)t. Let us consider the identity immersion o = id: wp,, — p,,: it induces via f the
identity ¢’ =id: p, — u,., so by the above remark we have a map

[t Q(G) = (Ry)o — (Rpy)or = Q(Gr)-

Lemma 1.6.8. The map fi: Q(¢n) — Q(Cr) is equal to - - tr, where tr: Q(¢n) — Q(¢r) is
the field-theoretic trace map.

Proof. Let us make the following observation: the ring Ry, is a Ry,-module via the pull-
back f*: Ru, — Rp,, and - by the projection formula - f. is a map of Ru,-modules.
Moreover f* gives by localization the immersion i: Q((,) < Q((,); thus the Q((,) action
on Q(¢,) is induced localizing the action of Ru,. We conclude that the push-forward
fer Q) — Q&) is Q(¢r)-linear.

We now recall that the bilinear pairing tr: Q(¢,) x Q(¢,) — Q(¢) given by (x,y) —
tr(z - y) is nondegenerate. In particular the Q(¢,)-linear functional f, must be of the form
xr — tr(k - x) for a suitable k € Q(¢,). What we are left to prove is that k = T

Let us now consider the case » = 1. Recall that the immersion Q(¢,) — R, sends
an element p(¢,) (where p is a polynomial modulo ¢,) to ¢, - p € Ru,,, where 1, is the
unique polynomial (modulo 2™ — 1) such that v,,(¢}) = 1 if (n,i) = 1 and is 0 otherwise.

The push-forward f,: Ru,, — Q sends a monomial z* to 1 if n|i and to 0 0therw1se (thls
is obviously well-defined modulo 2™ — 1). This is equivalent to the map p — L 377 L p(Ch).
Combining the definitions, we see that f.: Q({,) — Q sends p((,) to

n—1
S GG = 2 Y pG) = St (plG)):
=0

(n,i)=1

Let us return to the general case. We have f.: Q(¢,) — Q(¢,) = tr(k- —); in particular
the composition Q(¢,) — Q(¢,.) — Q is equal to
Q(¢r)

1 1
S ot (ke =) = g (k- ).

Q¢ -

However it is also equal to % . trg(cn) and by the nondegeneracy of the trace form we

conclude that k = -, as we wanted. '
We can now prove Proposition

Proof. Let us recall how the push-forward is defined on the left-hand side. Suppose that
we have a proper map f from ) = [Y/H| to X = [X/G] where X,Y are schemes and
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G, H are general linear groups. If Z = X xy Y, there is an action of G x H on it, and
[Z/G x H] =Y. The projection Z — X is equivariant with respect to 7: G x H — G and
gives
f:Y=1[Z/Gx H — [X/G] =
Let p ~ pu, — G x H be a dual cyclic subgroup, whose projections onto G, H are

oq,on respectively. Then Caoxp(p) = Calog) X Cu(on).
Let 0 ~ u, = og; the maps Z — X and Brp — Bro induce a morphism

[27/Ca(oc) x Cr(on)] x Brp — [X7/Ca(0)] x Bro

and this is the restriction of f;f to the component of I/,;j) relative to p. As we have seen
it induces a map (K, (Z, V)g)a ® Q(¢n) = (Ki(Zy, X)g)r @ Q(¢r).

Let T' = Gal(Q(¢n) : Q(¢r)). Then acting on p by elements of I' gives all the conjugacy
classes of dual cyclic subgroups which lie over o. Let I'; be the stabilizer of p in " (that is
the subgroup of elements «y such that v(p) and p are conjugated). Let Z,) := [Z* /Cq(og) x
Cy(op)] and Z,X := [X?/Cq(0)]; we want to prove that the following diagram commutes:

(@ ®Epneac)) @ (KT, Vg
~el' /T ~el' /T
(K(L,X))x © Q(G,) (K. (Z, X))

Any element of the top left box is of the form Z = (z,...,y(x),...) for z € (KL(Z,Y)g)r ®

Q(¢n))"
Let x = Y 2;®(}. All the elements (y(z)) have the same image in (K, (Z,X)g)A®@Q(¢),
since v has trivial image in Aut(g, ). Thus the composition

(B KZp»ehr 206) """ — KT X)) © QG) — (KLEX)g)
~el' /T
sends T to
o/ @) - A0 i) = i - A S S T ) ()
7 i el

However, as we observed before, Zf,(z;) = v(Z f«(x:)) = L f+(7(z4)) so the above term is
equal to

TR o O e EE . PRAC I S 1@ h e 6)

i ~yel ~vel' /Ty i€l (
- |r/r1|-¢’fl)-\r1|~ > (X (zh@0-¢))
~el' /T i

recalling that v1(z) = x for any v; € I'1. But |T'| = % so we can rewrite this as

S (X (e ¢)

ver /Iy i
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that is the image of £ under the composition

, Aut(p,) , ,
(P KTpY)ehr © Q) P KT,V — Ki(ZoX)g)a-
~ET /Ty veT /Ty
The Proposition is thus proved. [

1.7 The rational Toen-Riemann-Roch map

Let I be the moduli space of ZX. Using the results of the previous section, we can produce
a covariant isomorphism

K. (X) — A*(I).

with image in the Chow groups of I. This map, with respect to the classical Toen-Riemann-
Roch morphism, has the advantage of having Q-coefficients and the disadvantage of being
non-canonical.

We start by providing a Q-isomorphism
K (X) — K, (ZX),.

In general, given a finite group G and a finitely generated k[G]—module M, there is a
canonical isomorphism

M — (M ® k[G))¢

given by m — ﬁ Yo g(m)®g.
geG

In particular for any r we have an isomorphism

Aut(p,.)
KL (T, ) — (KL(Z,, 1) 0 Q) """

once we can provide an isomorphism Q(¢,) ~ k[Aut(u,)]. This is given by a choice of a
normal basis (z,..., (), ... )yeAut(y,) for Q(¢).

These maps combine into an isomorphism K/ (X) — K/ (ZX)g for any X. In order
to make these maps covariant for proper push-forwards, we invoke the following result of
Lenstra ([17]):

Proposition 1.7.1. There ezist, for any n, an element x,, € Q((,) such that

1. The set {v(%n)}yedut(p,) 18 @ normal basis for Q((n).

2. For any n,m with m|n we have Trggg?)) (Tn) = Tm.

Having this result, we can now take the norml bases {7(r . :):r)}AYe Aut(g,) I our con-
struction of the map

Aut(p,.)
0: K, (T, X)g — (KU(T, X)g0Q()
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Proposition 1.7.2. The map ¢ is covariant with respect to proper push-forward.

Proof. The proof is very similar to the proof of Proposition Suppose that we have a
proper map f from Y = [Y/H] to X = [X/G]. As usual, if Z = X x» Y, there is an action
of G x H on it, and [Z/G x H| = Y. The projection Z — X is equivariant with respect to
m: G x H— G and gives

£ Y =[2/G x H — [X/G] = X.

Let p ~ pu, — G x H be a dual cyclic subgroup, whose projections onto G, H are
o, oy respectively. Then Coxp(p) = Ca(og) X Cu(on).

Let 0 ~ u, = o¢ and suppose that x € K;(I“py)g, so that Zf.(z) € KL(Z, X)g. Let
n = |p| and r = |o].

Then we want to prove that the diagram

Kl (Zu Vg LN K (Zy,Y)e @ Q(¢n)

lIf* lff*
K. (T, X)g —2 K(Z, X)g @ Q)

is commutative. The composition of the bottom horizontal and left vertical arrows send

T > A(Tfx) © ().

o(r) yEAut(p,.)

On the other hand, using Lemma [1.6.8] we immediately see that the composition of the
other arrows send

n r n
v ooy Y TRO@) e T ),
yEAut(p,,)

Let I' be the Galois group of u,, over pu,.; then for any v € I' we have Zf, = Zf, o+, so we
can rewrite the last expression as

n r .
s T > TrG@)e STrg() (@)
yEAut(p,,) /T
But Aut(u,,)/T" = Aut(p,.) and Trgggf)) (xn) = xr, so this is equal to
T
YRy Z V(Zfi(x)) @ y(2r)
¢(r)
yEAut(p,.)
as we wanted. 'y

Now, let I be the coarse moduli space of ZX'. We have an isomorphism , : K/ (ZX)g —
K/ (I)g ~ K,(I), and the usual covariant Riemann-Roch map 77: K| (I) — A*(I), where
A*(—) is the Chow group functor. Summarizing, the composition

KL(X) = KL(ZX)g = KL (I)g = KL(I) ™ A(])

provides a Riemann-Roch map which is covariant and has Q—coefficients.
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Chapter 2

An explicit formula for
Deligne-Mumford stacks

2.1 Introduction

Let X be a smooth projective variety over a field equipped with an action of a finite group
G C Aut(X) of order n. Denote the stack quotient by X = [X/G] and the scheme quotient
Y. The stack X is Deligne-Mumford, so given a G-equivariant vector bundle £ on X we can
use the results of the previous chapter to compute the class of x(€) in the representation
ring of G.

Given an element g € G, let o be the cyclic subgroup generated by g. We denote by
X the fixed loci by the subgroup, which inherits an action by the centraliser C'(o).

Then (e
-OOY X “" Ind€ u(a)
e

where A% is a C(0)-equivariant vector bundle on X7 that can be given explicitly.
The result is obtained by computing the euler characteristics of £ in two ways via the
Grothendieck-Riemann-Roch theorem for stacks:

K(X) —25 @, 0, Ke(I.X) 9 Q(G)
K(BG) 2% @, .o Ke(I,BG) ® Q(¢)

Since X is smooth, the upper row can be identified with the composition

—1_ ~
K () 2T ey ™ g (F) 20 Kk (T,

which by constuction lands in the tautological part of the K-theory of the inertia stack.
On the other hand, Egé is the composition

~ ndG
P K (BC(0))g ® Ro — @) K(BC(0)) @ Ro ™= @K BC(0)) —2% K(BG).
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2.2 Computation

2.2.1 Lower composition

Inclusion of geometric part of BG The inclusion Kg(BH) — K(BH) sends the unit

kH
to -

Inclusion Ro — Ro  Suppose o is dual cyclic of order . We denote by ¢ : Q[z]/®,(z) —
Q[x]/x" — 1 the section of the projection Q[z|/z" — 1 — Q|x]/®,(z).

Inertia stack of BG and representations Let o be a dual cyclic subgroup of G of
order r and let H = C(0) be its centraliser. The twisting operation on the rth cyclotomic
inertia stack is given by the pullback induced by multiplication m : H x ¢ — H. The anti-
twist is given by m., whose effect is taking invariants relative to the subgroup ker(m) =
{(z7',2) : € ¢}. In formula, for an H-representation V and a character y of &

my: RH @ Ro - RH
V ® x — x-isotypical part of Res{,{ V,

which inherits a natural H-action.
Since H is the centraliser of o, we have Resf Indf X = % x for any o-character y and

H
Res? K1) = Resf 1 (o] = Kol = 24 @) x = @) R Ina x.
g
X€Eo XET

As a consequence we note that the y—isotypic part of Resf k[H] is exactly Ind? X, Wwhence

KIH) L
— T
(g @20 = gy s

In particular, the composition
Ro ~ K(BH)g ® Ro < K(BC(0)) ® Ro ™ K(BC(0))
is the same as

N N 1S
Ro ~ K(Bo)g ® Ro — K(Bo) ® Ro = K(Bo) L>K(BC’( ))-

. o
up to a correcting factor of RGO

Finally, by the map
Ro ~ K(Bo)g ® Ro — K(Bo) ® Ro ™ K(Bo)

is equal to % - 1: Q(¢) — Q[z]/2" — 1.

Now we are ready to compute the lower composition. We index the inertia stack of BG
by C =[] C,, where C, is the conjugacy classes of monomorphisms p, — G:

IBG = [] BC(o)

0'667‘
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Then the morphism Lpg is the composition

K(BG) - @ K(BC(0)) - D K(BC(0)) @ Ro — P K¢(BC(0)) @ Ro

whose inverse on the summand labelled by o € C, given by

Kg(BC(0)) ® Ro —— K(BC(0)) ® Ro ———— K(BC(0)) %, K(BG)
| |
Q® Q[z]/(®r(z)) K(BC(0)) ® Qla]/a" — 1
l®x fg(g ® () ¢ |C(TJ)| . %Indg(g) (z) — m Ind% i(z)

2.2.2 Upper composition

The upper composition is considerably easier, thanks to and the fact that the twisting
map m* is easier to describe. Write

1X= P [X7/C(o)).

r,ae@

Given a G-equivariant vector bundle £ on X, let (&), = p*€ be its pullback along p :
IX — X and let (N,), be the normal bundle of p. On each component of the inertia stack
we split the virtual bundle

Eo -
gy @
v
A-1(N5) ics
into isotypical components as o-representations, obtained by restriction from C(o). Here
¢ is the character group of o, which can be identified with Z/rZ.

The upper composition thus sends

Cf" 0,0
E— @ T(T) - Ag

T,Ueér,ieﬁ
where Ag’i denotes the projection to the geometric part.

2.2.3 Total composition

We have the vertical map

I P KgIoX)2 Q) — P KelleBG)®QG) ~ P Q&)

T’,O’Eér 7’70—667- 7",0’667«

which, since 7 is representable, is the identity on the Q({,) components and sends Ag’i to
X(A77).
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Indeed we have a commuting diagram

K(I,X) —— Kg(IX)

J= Ji=

K(I,BG) — K4(I1,BG)

the horizontal maps being projections to the geometric part; the bottom-left composition
is then easily seen to be exactly the Euler characteristic map.

Combining this with the previous calculation of the lower composition, we immediately

get:
- @D PN e,

r,oeC, €6

2.3 Explicit formula for curves

In this section we specialise to the case where X is a smooth projective curve. Then Y is

also a smooth projective curve. Let n = |G|. First note that we can give more concrete

description of the x(A%%)’s. Over the identity sector corresponding to ¢ = 1 it is the

holomorphic Euler characteristic of £. For o # 1, as the coarse moduli space of [X?/C(0)]

is zero-dimensional, x(A%?) is nothing but the dimension of the virtual representation A",
Thus

xa(X,€) = (X5—+ S @dlmAm r)| -IndS 0(¢h).

r>1,0€C, €0

Let us reindex the summation. We fix a representative for each & € C,, which we also
call 5. Choose also a set of representatives {Z} for each G-orbit with non-trivial stabilisers.
The action being effective, for each 1 # & the fixed locus X7 is zero-dimensional, so we can
regroup uniquely the {G}’s to the sets {6 C Gz}z. For each x € X, denote by e, (resp.
e!) the ramification index (resp. the tame ramification index). We have:

X° d A%t .
xa(X,€) = X€—+Z D @’ |- dim ‘CZJ)‘-Inde(Q;)

T 1#6CG5; i€6

kG er |XU\ -dim A% r o
X, € = Ind§ - IndSe o(CY).
KT 2 ¢@G@ o) 100 )

At this point we observe that making use of we can rewrite the expression

O U )

1#£6CG, €6

Indeed, let A7 = Resg”(” )V" where V7 is the G -virtual sheaf W.
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Then we know from [I.6.3] that the following composition of maps

R(G,) —=—— D R(Ca,(0)) s D R(Ca.(9)g 2 QG)
&éGw &éGm
D R(Ca,(0)g ®QUG) > @ R(Ca.(0)) —d s R(G,)
0CG, 6CG,

given explicitly by

v F 8 R (V) D dm(7) G 5
6CGy €6
i 20 WA AN SN ; o A(e3) r dim(Voi) Gur o/ ri
T,Zadlmw )G 56 %dlm(v ) Cor@ " 7 Za o) [Co o - 1nds” (e(6r)
i€ i€s i€s

is the identity. Note that we computed the map m, exactly as we did at the end of Section
2.1.

In particular we can write

X .di Ao‘,i )
@ @ ‘ ’ dim CV" -Indgf L(Cﬁ) — Ay —1,— dim A,
1£5CG, i€ o(7) [C(o)]

noting that the missing term corresponding to ¢ = 1 corresponds exactly to the geometric
part of A,.

Remark: We must have EZ;;' = ICc:l GIE since the connected components of the in-
ertia stack corresponding to 1 # 6 C G, are equal to those of ZBG,.

Now we invoke the following lemma:

Lemma 2.3.1. Let H be a cyclic group of order m and x a non-trivial character. Then

m—1

1 1 4
Ty X

Proof. Same as [I5] Lemma 1.2. [ )

Noting that the action of G, on N,/ factors through the tame part, we use the Lemma
to write
et —1

S 1 el (e

gm 1 . —d T —
= %dlm Y (—d)EeN 1 = — k&t

1- NY

—_—

dim A, = dim
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and

kG, L —1kG,
Ay — tg_y dim A, = A, — dim 4,702 — 4, 4 gl 1HCs
o 2 €
Putting all ingredients together,
kG er « ¢ el — 1 kG,
X, & =x(X,&— — Indg (Ap +1k&- =
XG( ?g) X( 78)n +Z n nGI( +rk& ex )

zeX

B k€ kG o o &

n
T zeX

Thus we have recovered [10], Theorem 4.2. When the G-action is tame, we can recover
the main theorem of [I5]. Indeed one can use Hirzebruch-Riemann-Roch and Riemann-
Hurwitz to express x(X, &) in terms of rank and degree of £ and genus of Y:

X(X,E) =deg€ +rkE(1 — gx) = deg€ +1k& (n(l —gy) — % Z(ex - 1))

rzeX
and expand ﬁ using
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Chapter 3

A decomposition theorem for
Deligne-Mumford stacks

In the following discussion, we will always assume that we are given a quasi-projective
scheme X over a fixed base scheme A = Spec(R), equipped with an action of a finite
constant group G.

3.1 The general form of a decomposition theorem for quo-
tient stacks

Here we discuss a general method for obtaining decomposition theorems with respect to
some cohomological theory of a quotient DM stack X = [X/G].

This discussion should heuristically encompass the well-known decomposition theorems
in equivariant algebraic K-theory (by Thomason, Vistoli, Vezzosi, Toen, ...), as well as the
decomposition theorems in equivariant homotopy theory (such as Hopkins-Kuhn-Ravenel
work about equivariant Morava K-theories and the Minami-Webb formula in equivariant
cohomology).

3.1.1 Conlon’s decomposition

In this section we briefly discuss our main tool, that is Conlon’s results about a decompo-
sition of the Burnside algebra and the split K-theory of a finite group. We will follow [§],
making some slight simplification somewhere.

Definition. Let G be a finite group. The Burnside algebra B(G) is the free abelian group
over the set of finite G—sets, quotiented by relations of the type [S]+ [T] — [SUT]. It has
a monoidal structure given by [S]® [T] := [S x T).

The Burnside algebra can be identified with the free abelian group generated by sets
of the form {G/T'}, where I' ranges over conjugacy classes of subgroups of G. Let us call
(') the class of G/I'; then the product is given by (I)/(I") = @ cc(I'N g 'Tg), where
C :=I"\G/T is the set of double cosets.

It is easy to see the following:
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Proposition 3.1.1. Let A be a Z—algebra such that for any I' — G the number I/lg =
|Ng(T)/T| is invertible in A.

Then the ring map B(G)x — A given by sending any (I') to zero for I a proper subgroup
has a canonical section s¢.

From now on we will always assume that B(G) has coefficients in some A, and we will
omit the subscript.

Definition. Let ¢ B(G) be the ideal generated by sq; we will refer to it as the tautological
part of the Burnside ring.

Conlon proves the following ([§], Theorem 2.6)

Proposition 3.1.2. Let g B(G) be the extension of gB(H) along the canonical induction
B(H) — B(G). Then there is a direct sum decomposition B(G) = @prB(G), induced by

a complete set of idempotents.
This decomposz'tz'on 1s preserved by push-forward and is also invariant by pull-back, in
the sense that ResF UF’ is zero unless I" < T'Y for some g, and in that case Reslgug, s a

multiple of Y g ur,g, where the I'"9 are all the I'— conjugacy classes of G—conjugates of .

The result essentially reduces to the following: for any I, its tautological part is gener-
ated by an idempotent ur, and the induced element u? =1 ndﬁ(ur) is almost idempotent,
in the sense that u? : ulg = uf; : ulg

For the sake of completeness we include a revised proof:

Proof. This is easily shown by induction on the size of G (the base case being trivial).

Suppose thus by induction that for any I' < G we have a decomposition of B(I") induced

by a set of orthogonal idempotents ull:, (indexed by conjugacy classes of subgroups I').

Then we set uf := %I ndﬁ(ull:) for any proper subgroup I', while we set ug =1- F@Gug )
<

Finally we observe that the span of the uF, contains the induced image of any B(I”)

for all proper I" < T.

We first prove that the u? form a complete set of idempotents. By the projection and
Mackey formulas we have

1 1 1 1
uf - uf = G Indlg(y—Gull: - ResSIndSuk) = el Indlg(y—GuF (€ uk + andgluf,))
vr

T r T I

for some uf,, € B(I"). Now, the sum >, Indkuf, is in the span of the ul, and thus has zero
product with uF, by the induction hypothesis. This proves that the ulg are idempotents
for I' < G.

We now want to check that the u?’s are orthogonal. To see it fix two subgroups
I',I” < G. If one of them is G the orthogonality is true by definition if we know the result
for proper subgroups; therefore we may suppose without loss of generality that the two
subgroups are proper and that IV £ ' (meaning that no G—conjugate of I'" is a subgroup
of I') and proceed as before:

1 1
G G G r
up U = g -In dF(U Ut - Resrlndrlup,) =-a 'IndF(VG up - ( E Indryupn))
r I r I Il
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for some uf,, € B(I'"), where the I represent proper subgroups of I'. Again by induction
hypothesis the above product is zero. Finally, the combination of the two above results
shows that ug is also idempotent, as we wanted.

The invariance of this decomposition by push-forward follows trivially from the defini-
tions, while to see the invariance by pull-back we set up another induction. We want to
prove that Res? ulg, is a rational multiple of ug,; again, if I < G the above calculation
with Mackey formula gives the result: indeed we may write (calling I'y :=T' N9 I'”)

’ 4 /
Res?ug = Res?lndgufw = Z IndllzgResgg Ut
gel\G/T"

By the induction hypothesis, the restriction Resg;ug is zero unless IV = T'y; in that case

the above sum reduces to Y v, uF,g.

Finally, the above results imply that any restriction Res?ug is zero. Indeed the re-
striction is a ring map and 1 € B(I") is a linear combination of elements that come from
the set {u?,}p/<g by restriction: 1 =73 CLF/R&S?UIGV; this gives readily that Res?ug 1=
S Res&(u& - uf)) = 0, as we wanted. [ )

Suppose that we have a cohomological theory H*(G) with an action of the Burnside ring,
making H*(G) a graded B(G)—module. Then the splitting of B(G) which we described
above gives a decomposition H*(G) = @ H*(G)r, where the subscript —r indicates the
elements with support on rB(G).

Suppose for example that H*(G) = K*(R[G] —mod®Plt) or #*(G) = K*(R[G]—mod).
In those cases the action of the Burnside algebra is induced by the map B(G) — R[G]—mod
sending (I') to the representation Ind&1. Conlon ([8]) shows the following

Theorem 3.1.3. Let R be a ring, A = R|G] — mod.

(1) Suppose that H*(G) = K*(AP) or H*(G) = K*(A).

For any H < G the induction and restriction maps

Resg Ng(H)

n G
Ng(H) Indy H*(H)H

H(H)y" ——= 1 (G)n
are isomorphisms.

(2) Suppose that R is a complete local ring with residue field of characteristic p and
H*(G) = K*(AP). Then H*(G)y is zero unless H is a semidirect product P x C,
where P is a p—group and C is a cyclic group of order coprime with p.

(3) Suppose that H*(G) = K*(A). Then H*(G)n is zero unless H is a cyclic group of
order coprime with the characteristic of R.

Note that the first point is not completely trivial, since even though the restriction of
u$y to K*(H) is uy the composition Res$ Ind$ (a - ug) is not the identity for a general a
(indeed it is equal to wp - 3 e Ny @)
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Now, given a suitable cohomology theory H*(G, X ), suppose that there is an action of
the Burnside algebra B(G) on it. Then, by the prevoius section, there is a corresponding
decomposition H*(G, X) = Py H* (G, X)n.

We would like to have some result providing an isomorphism of the H-parts H*(A, X) gy
with something localized on the fixed-point locus X, In orded to have a meaningful and
functorial definition, we need to explore a variant of the inertia stack construction.

3.1.2 The ”wild ” inertia

Let us recall given a DM stack X, there is a classical notion of n—inertia
Z,X := Hom"**(BZ/nZ,X),
a stack that classifies representable morphisms from the classifying stack of a cyclic group.

Similarly we have a cyclotomic inertia, that is defined analogously with p, instead of Z/nZ.

We can generalise this construction. Let us consider, for a finite discrete group G,
the universal classifying stack BGq), that is the classifying stack BG seen over the stack
classifying automorphisms of G: in other words the stack

with the tautological action of Aut(G) on G, which classifies the "twisted” étale group
schemes, locally isomorphic to G in the étale topology (see [28], Section 3). Over BGig
lives the following object: .

Definition. Let us define the stack I\G1X, so that an object of IIC1X(S) is a pair (€,G') C
(X x BGi))(S) such that G' is a subgroup of Autg(§). Moreover, let the wild inertia be
Hx = ||, I%x.

For a stack of the form X = [X/G], with G an affine group, it is easy to give an explicit
description of ZUlX (see for example [28], Lemma 6.16):

Theorem 3.1.4. Let X = [X/G]; then we have an isomorphism

My ~ | | (X" /Ne(H)]
H'eC

where C is the set of conjugacy classes of subgroups H' < G such that H ~ H.

3.1.3 The general decomposition theorem

Now, suppose that we have a sufficiently well-behaved cohomological theory H*(G, —); in
this case we can look for a result of the following form: for each H < G conjugacy class of
subgroups the induction

bt W (H, XHYNGUH) 9@ Xy
is an isomorphism.

We shall be more precise:
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Theorem 3.1.5. Let A = Spec(R) be a base scheme H*(—, G) be an equivariant (co)homology
theory for A-schemes with coefficients in Q and the following properties:

(1) It admits functorial pull-backs and push-forwards for equivariant maps (Y, H) — (X, G).

(2) It admits an action of the Burnside algebra such that any pull-back or push-forward is
a map of B(G)-modules.

(3) It admits localization long exact sequences.
(4) Depends on [X/G], in the sense that if X =Y xpg G then H*(X,G) ~ H*(Y, H).

(5) When we consider the map i: [X/H] — [X/G], then the compositions i*i, and i.i* are
consistent with the expectation from representation theory; this means that they satisfy
a suitable form of the Mackey formula

(&) =) IndjjepyRest, (€)

(where pg indicates the morphism of multiplication by g € G) and of the projection
formula

(€)= € -1, (1),

Then by (1) and (2) there is a decomposition H*(—,G) = @y H* (=, G)n indexed by
H < G conjugacy classes of subgroups.
We have that, for any H, the induction

i M (H, X H)NeH)

s an isomorphism.

Moreover, if the action of B(G) is induced, for example, by an action of H°(G, pt), then
the only relevant H’s are those for which the H—parts H°(G,pt)y are non-zero. This in
general leaves out only some restricted class of subgroups.

Proof. We prove the theorem for a homology theory. The dual case is completely analogous.

We begin by observing that any X has an open dense subset U such that [U/G] is a
gerbe trivialized by a finite Galois cover. In particular X admits a stratification

] ] Jn—
U %o 2 LU, =X

by open G'—invariant sets such that for any stratum X; := U;;1\U; the quotient stack
[Xi/G] is a gerbe trivialized by a Galois cover with group I';.

By (3) we have fon any [ a commuting diagram

Hi (UHH) —— Hy(XH H)Y =5 4, (UH, H) —2 Hy(UH H) —— (X H)

| I A !

W1 (Ui, G) ——— Hi(Xi, G) —2s Hy(Uiyr, G) —2 Hy(U;, G) ——— Hy1(X:, G)
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From the five lemma we immediately infer that if we know the thesis for U; and for any X
such that [X/G] is a gerbe Galois-locally trivial then we also have it for Uj;1.

All we have to do, then, is to show the thesis in the case when [X/G] is a gerbe trivial
on a Galois cover of the moduli space M.

Let T" be the Galois group of the trivializing cover N — M and H be the stabilizer.
Let p be the projection [N/H] — [X/G]. Then by (4) and (5) we immediately deduce that
the pull-back p* induces an isomorphism

H*(X,G) ~ H*(N,H)"

Indeed, the compositions p*p, and p,p* are easily seen to be equal to the multiplication by
IT'| map.

We are left with proving the statement for a neutral gerbe [X/G], where G acts trivially.
For that we just repeat the proof of Proposition This is actually quite immediate
from (5): first of all, by the projection formula we have Ind% Res%(£) = & - Ind% (1)
and Ind% (1) is invertible in B(G)y, making the composition an isomorphism; moreover,
by the Mackey formula, we have Res%Ind$(¢) = Y, Indg_gResgi (£); but when ¢ is in
the H—part its restriction to any proper subgroup of H is 1zero, so that we can rewrite
ResGInd% (&) = Yoneng(yn ™ & = |Na(H)/H| - & (where the action of Ng(H)/H is
induced by the conjugation action on H) because £ is Ng(H)—invariant. We conclude
that in this case the induction and restriction maps

Ind% Res€
Ho(H) R T U (G s H(H) e

are isomorphisms, and the thesis follows. '

3.1.4 The decomposition of algebraic K-theory of DM stacks

Suppose for instance that H.(X,G) = K, ([X/G]). K-theory is well-known to satisfy all
the properties of the Theorem, so we conclude that the result holds for the K-theory of
quotient Deligne-Mumford stacks.

If the action of G on X is tame and the base ring contains all roots of unity we can make
a comparison with the more classical decompositions (see e.g. [26]). In that case we have a

decomposition of the representation ring of free G-representations RG = @ Q(¢.)Ne (k)
m€G
indexed by conjugacy classes of cyclic subgroups of G; for any H ~ p,. let us call RG; the

H —piece in this classical decomposition.

Theorem 3.1.6. The classical decomposition coincides with the one induced by the Burn-
stde algebra.

Proof. This is immediate to see that when G is itself cyclic, by induction on the dimension
of G. More precisely, we know by Theorem that Conlon’s decomposition of RG
is also indexed by conjugacy classes of cyclic subgroups, and that for any H we have an
isomorphism RGpy ~ RHgG(H) induced by the induction RH — RG; thus it sufficies
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to see that RG¢ coincides with RG’;. But we may suppose that we know it for all the
smaller groups (by induction hypothesis); if we call vg the idempotent generating RG';,
then RG"; is generated by the only rational multiple of I ndf]vg which is itself idempotent,
so it is uniquely determined. In particular this generator coincides with ug, by inductive
hypothesis: this implies that ug =1-Yul=1-> 0ol = vg, as we wanted.
Finally, the covariance by push-forward immediately settles the general case. [

In particular the classical decomposition K/ ([X/G]) = @y K. ([X/G])u coincides with
the one induced by the Burnside ring, since they are both obtained localizing K/ ([X/G])
with respect to this common R(G-decomposition.

Now, using the self-intersection formula, we can give inverse maps

KL(X, G)r — KLXT H).
First of all, by Proposition the only relevant H’s are the cyclic groups. Given one
such H, let now N be the conormal sheaf associated to the closed immersion i: X7 — X.
Suppose that ¢ is a regular immersion. By the self-intersection formula, we know that
the composition

K (xH )N 2y g x )N 2 g xH | oD

is equal to the multiplication by the element A_1(A). But we have
Lemma 3.1.7. The element A\_1(N) is invertible in K, (X H)y.

Proof. Let Y := X If Y does not have points in characteristic not coprime with |H|
then the result is known from the classical theory (see [24] or [26]).

Otherwise, let Y/ < Y be the closed subscheme of points whose residue characteristic
is not coprime with |H|. By Proposition we have that K, (Y',H)y = 0; by the
localization exact sequence, naming j: U = (Y\Y’) — Y, we have that j*: K,(Y,H)y —
K, (U,H)y is an isomorphism. But j* clearly preserves the multiplication by A_1(N), so
the thesis follows. 'y

Let us consider the composition

. I dG R G .
KL (X HY WO 2 K(x H)Y ™ 2 KX, G 2 K (0 H) ) 5 k(e Byt

Ind§, Res§
By Mackey formula the central composition K/, (X, H)Z(H) L KU(X, G g —2 KX, H)Z(H)
sends £ to ) ; IndggResgi (£); but when ¢ is in the H—part its restriction to any proper

subgroup of H is zero, so that we can rewrite Res%Ind%(¢) = D oneNg(H)/HM & =
IN(H)/H| - £&. We conclude that the composition is equal to the multiplication by the
element |[N(H)/H| - A_1(N). In particular the modified restriction map

i*

e , o

is an isomorphism inverse to i,.
Summarizing, we have the following
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Theorem 3.1.8. Let X be an R—scheme with an action of a finite constant group G.

Then we have a decomposition K (X,G) = @ K.(X,G)y and the push-forward induces
H cyclic
isomorphisms

i KL(XH, HYNHD 5 KX, Gy

If the immersion X" — X is reqular there is an inverse

IN(H)/H]- A1 (N)

L KLU(X, Gy — KX )N,

3.2 The modular K-theory of a quotient

We will now discuss a closely related example in equivariant algebraic geometry, that of
modular K-theory.

In this section we briefly recall the theory of modular K-theory, along the lines of the
original article [7] by Niels Borne. Here we will suppose that X is defined over a field k.

3.2.1 Sheaves of modules over a noncommutative algebra

We first recall the definitions: suppose that A is a subcategory of the category of finite
dimensional G-representations A;.

Let Mod(.A) be the category [A°, Ab] of contravariant functors from .4 to the category
of abelian groups (with natural transformations as morphisms). A (right) .A-module is by
definition an object in Mod(.A). A-modules obviously form an abelian category.

The Yoneda embedding A — Mod(A) sends an object V' to the contravariant repre-
sentable functor V. = A(-, V). An A-module is said to be of finite type if it is a quotient of
a finite direct sum of representable functors, and we will call mod(.A) the full subcategory
of Mod(.A) consisting of objects of finite type.

Definition. The projective completion QA of A is the full subcategory of Mod(.A) whose
objects are the projective A-modules of finite type ( direct summands of finite direct sums
of representable functors).

Definition. We say that A admits a finite set of additive generators if it is Morita equiv-
alent to the full subcategory generated by a finite set of its objects.

Now, let A be a projectively complete full subcategory of Ay admitting a finite set of
additive generators. Starting from A we can form two distinct exact categories: the first is
APl that is A with split exact sequences of G-modules; the second is mod(A) with its
natural exact structure induced by the abelian category structure.

The Yoneda embedding induces a morphism of exact categories A*P'* — mod(A), and
thus also a map in K-theory K’ (A*P!) — K’ (mod(A)). We can formulate (see [?], section
2.2) the following

Theorem 3.2.1. (1) The two groups K, (A*P!) and K. (mod(A)) are abelian free of the
same rank.

(2) If G is of finite representation type and A = Ao then the Yoneda embedding is an
isomorphism.
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In particular we see that the K-theory of mod(.A) is a new invariant that we can as-
sociate to the category Aix = k[G] — mod and it is in general finer than the classical
algebraic K-theory.

We can generalize this discussion to the case of a G—scheme Y, so that what we have
done so far corresponds to Y = Spec(k).

Definition. Let X be a scheme.

(1) A ring (with several objects) on Y is, by definition, a category A enriched on Qcoh(Y).
The pair (Y, A) is called a ringed scheme.

(2) A morphism of ringed schemes (Y', A') — (Y, .A) is a couple (f, f*) where f: Y' =Y
is a scheme morphism and f*: A — f. A is a morphism of Qcoh(Y)-categories.

(3) A quasicoherent sheaf on (Y, A) is by definition an enriched functor from A°P to
Qcoh(Y).

(4) A morphism of A-sheaves is an enriched natural transformation.

We denote by Qcoh(Y, A) = [A°P, Qcoh(Y)] the corresponding enriched category, and by
Qcoh(Y, A) the underlying category.

This definition of ringed scheme allows for a notion of functoriality, which is essentially
induced by the functoriality of Qcoh(Y").

Consider first the case of a morphism (1,4) : (Y, A") — (Y,.A). In this case it is easy to
see that left and right Kan extensions along A’ — A exist and give left and right adjoints
to the restriction functor Qcoh(Y,.A) — Qcoh(Y,A’). The left adjoint will be denoted
by ® 4/ A.

We then extend this definition to the general case:

Definition. Let us be given a morphism of ringed schemes (Y', A') — (Y, A).
(1) We define fa : fiQcoh(Y’, A') — Qcoh(Y, A) as the Qcoh(Y) functor making the

following diagram commute:

F.[A, Qeoh(Y')] — [£. AP, f.Qcoh(Y")]

T, I

[A°, Qcoh(Y)]

(2) We define f~: Qeoh(Y, A) — £f.Qcoh(Y', A') as the Qcoh(Y) -functor making the
following diagram commute:

[A*P, Qcoh(Y')]
® f*AAfT
[f* A, Qcoh(Y')]

ol

[f*A° f*Qcoh(Y)] T 1*[ A%, Qcoh(Y)]
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These functors satisfy the natural adjunction requirement:

Proposition 3.2.2. The couple (f2, fa) is part of a Qcoh(Y)-adjunction between Qcoh(Y, A)
and fQcoh(Y’, A).

For each object V of A, we denote by (V') the full subcategory of A containing only
the object V.

Proposition 3.2.3. (1) The category Qcoh(Y,A) is an abelian category.

(2) A sequence F' — F — F" of A-sheaves on'Y is exact if and only if for each object V
of A the sequence F'(V) — F(V) — F"(V) is exact in Qcoh(Y,(V)).

Since localization commutes with evaluation at each V', we immediately get

Corollary 3.2.4. A sequence of A-sheaves F' — F — F" is exact if and only if for each
p €Y the sequence of stalks F,, — F, — F, is evact.

3.2.2 Sheaves over the Auslander algebra

Now we are ready to return to our G—scheme X. We have an equivalence between the
category of equivariant G—sheaves on X, QCoh(X,G), and the category of sheaves on the
quotient stack X'. We will denote by 7: X — Y the map from & to the moduli space Y
(that is, the quotient scheme). In particular the category QCoh(X,G) is thus naturally
enriched over QCoh(Y') by QCoh(F, F') := m.QCohy(F, F').

Definition. Let (X, G) be as above, sx : X — Spec(k) be the structure morphism, and A
a category equipped with a functor F: A — k[G] — mod.

(1) The Auslander algebra over Y associated to (A, F) is the ring Ax over Y equal with
the same objects of A and morphisms of the form Qcoh(G, X)(sxF(V),sxF(V')), for
all objects V,V' of A.

(2) The constant Auslander algebra over Y is the ring AS = sy A (that is, any morphism

Hom 5, (V, V') is given by QCohy (s3, F(V'), sy, F(V'))).

(3) The 7free” Auslander algebra over Y is the ring A§< over' Y with the same objects of A
and such that any morphism HomAg( (V, V') is given by QCohy (s F(V), mesS F(V'))).

Clearly Ax ~ AS when the G-action is trivial and Ay ~ .Ag( when the G—action is free.

The Auslander algebra is functorial:

Proposition 3.2.5. (1) Any map f : X' — X induces a morphism of ringed schemes
(f7 fﬁ) (Y,a AX’) - (Y’ AX)

(2) adj(f*) : f*Ax — Axs is an isomorphism if X' = X xy Y.

Proof. (1) To construct f¥, we start from the isomorphism f*Qcoh(X)(sx*V,sx*W) —
Qcoh(X')(sx/*V,sx/*W). This is in fact a G-isomorphism and give by adjunc-
tion a G-morphism Qcoh(X)(sx*V,sx*W) — f.Qcoh(X')(sx/*V,sx*W). Apply-

ing 7. and using the fact that m.f. = f.ir', we get the map Ax(sx*V,sx*W) —
JfeAxi (sx*V, sx*W) that we needed.
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(2) By base change, the canonical 2-arrow f*m, = @', f* is an isomorphism, and the
result follows.

[ )

Definition. We define Qcoh(A, X) as the category of quasi-coherent sheaves for the ringed
scheme (Y, Ax). For any V € A call Ay the corresponding representable sheaf.

There is an obvious map from classical equivariant sheaves to A—sheaves:

Ua: Qcoh(G,X) - Qcoh(A,X)
F— F=(V—= Qcoh(G,X)(sxV,F))

We now briefly discuss the functorial properties of this definition.

First of all, given an equivariant morphism f: X’ — X, it produces an adjoint pair

(f2, fr): f«Qcoh(A,X") — Qcoh(A, X), which we rename as (f4, f4).

Moreover, as shown by N. Borne, there are natural induction and restriction functors
from and to subcategories:

Proposition 3.2.6. Let A’ be a full subcategory of A.

(1) The restriction functor R : Qcoh(A,X) — Qcoh(A’, X) admits as a right adjoint the
functor K defined on objects by :
K: Qcoh(A’;X) - Qcoh(A,X)
F = (V - QCOh(Alax)(AX(aV)|A'X7f))

Moreover RK ~ 1 (equivalently, K is fully faithful).

(2) If A is projectively complete, and every object of A is a direct summand of a finite direct
sum of objects of A’, this adjunction is an equivalence Qcoh(A, X) ~ Qcoh(A’, X).

In particular, when A is projectively complete we can assume that A is generated by a
single object.

Finally, with our definitions, there is an obvious notion of change of group: indeed for

any morphism a: H — G we can form the ”restricted” functor o*: A — k[G] — mod LA
k[H] — mod. Naming Z := X/H, there are a morphism &: Z — Y and a natural map
of: Ax — a.(a* A)x, giving a morphism of ringed schemes

(a,a") : (Z, (" A)x) — (Y, Ax)

Thus we have restriction functor a*: Qcoh(A4,X) — a4Qcoh(a* A, X g) and an in-
duction functor a4 : @«Qcoh(a* A, X|g) — Qcoh(A, X). Again, this gives an adjoint pair

(aA, ay).

Let us make some comment on these induction and restriction functors. Following
[7], Lemma 7.11, we see that when G is of finite representation type, X = Spec(k) and
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A = k[G]—mod then (identifying k[G] —mod with a fully faithful subcetegory of A—mod
via the Yoneda embedding) the induction and restriction functors coincide with the usual
induction and restriction for group representations.

More precisely, for any subgroup H < G we have an isomorphism k[H] — mod ~ a*A
(this follows immediately by the prevoius proposition and Mackey formula); there is a
commuting diagram

Ind%
k[H|] — mod — k[G] — mod

| |

a*A —mod —2 3 A — mod

and a similar one for restriction.

In general, from the induction-restriction (co-)adjunction it is immediate to see that
a4 (resp. o) sends a representable sheaf Ay to the functor Homg(—, Ind$(V)) (resp.
Homp (—, Res$ (V) if the latter is representable.

Consider now the case where A is generated by a single element I; in this case Ax
can be identified with an actual (non-commutative) algebra Ay = (s% Endi(I))¢. Let
us call A := s%Endy(I); then for any F in Qcoh(A,X) the induced functor asF is
asF(I) = @, F(I), seen as a A”-module. Conversely the restricted functor is o F(I) =
& F(I) @4 40 AT

We end this section with a description of monoidal structures. Suppose that A is a
full submonoidal category of k[G]mod, and X is a G-scheme. Then there is a canonical
structure of monoidal closed symmetric category on Qcoh(.A4, X), whose unit object is

Ox:V — 7l(sxVY)

and whose tensor product is given by:

FRG(V) = /W F(W) oy G(V @ WY)
Tensor product with a representable sheaf can be easily calculated:
(FRAV) (W) ~ F(W @ V).
With this it is immediate to see that pull-backs and push-forwards preserve the product
with any representable sheaf.
3.2.3 Modular K-theory
As for classical G—sheaves, there is a notion of coherence for Ax —sheaves:

Definition. A quasicoherent A-sheaf F on X is said coherent if for each G-invariant
open affine U = Spec(R) of X, the restriction Fj; is of finite type in Qcoh(A,U) ~
[Ax (U)°P, RE — Mod| (i.e. if, seen in [Ax(U)%, R — Mod], it is a quotient of a finite
sum of representable objects).

We denote by Coh(A, X) the whole subcategory of Qcoh(A, X) whose objects are the
coherent A-sheaves.
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Proposition 3.2.7. Let A" be a full subcategory of A. Suppose that A is projectively
complete, and that every object of A is a direct summand of a finite direct sum of objects
of A'. Then restriction along A" — A induces an equivalence Coh(A, X) ~ Coh(A, X).

Proposition 3.2.8. Suppose A admits a finite set of additive generators. Then Coh(A, X)
1s an abelian category.

With this notion at our service it is immediate to define a K-theory functor:

Definition. Let X be a G-scheme over k and A a full subcategory of k|G] —mod admitting
a finite set of additive generators. We denote by K;(A, X) the Quillen i-th group of the
abelian category Coh(A, X).

We will refer to this functor as modular K-theory.
It admits well-defined notions of pull-back and push-forward:

Proposition 3.2.9. Let f : X" — X be a morphism of G-schemes over k such that the
morphism f:Y' —Y between quotient schemes is flat, and X' = X xy Y.

Then the functor fA4: Coh(A, X) — Coh(A,X'") is exact, hence induces a map in K-
theory.

Proposition 3.2.10. Let f : X' — X be a morphism of G-schemes over k and A a full
subcategory of k[G] — mod, admitting a finite set of additive generators. Suppose that the
morphism f:Y' — 'Y between quotient schemes is proper, then:

(1) For each coherent A-sheaf F on X', and each nonnegative integer i, the A- sheaf
R fAF is coherent.

(2) There exists an integer n, such for any integer i > n, and any coherent A-sheaf F on
X', we have R' f4F = 0.

(3) Iff is finite or'Y' admits an ample line bundle then there is a well-defined push-forward
fa: Ki(A X" — Ki(A X).

It is immediate to see that these definitions are functorial.

We conclude this section citing a very important property of modular K-theory, that
is it satisfies a form of localization ([7], Theorem 6.7):

Theorem 3.2.11. Let i: X' — X be a morphism of G-schemes over k, and A a full
subcategory of k[G] — mod, admitting a finite set of additive generators.

Suppose that the morphism i: Y' — Y between quotient schemes is a closed immersion,
and that i*: Ax — i.Ax is an epimorphism (*).

Denote by U the pullback by 7 : X —'Y of the complement of Y inY, and by j : U — X
the canonical inclusion.
Then there is a long exact sequence:

e — Kprl(.A, U) — Ki(.A,X,) — Kl(.A,X) — KZ(.A, U) — Kifl(.A,X/) —_— ...
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The application of this theorem is limited by the condition of if: Ax — 7, Ax/ being an

epimorphism. However in some case we can ensure that; for instance, when the substack
[X'/G] — [X/@] is a gerbe ([7], Proposition 6.13):

Proposition 3.2.12. Let i: X' — X be a morphism of G-schemes over k, such that there

is a normal subgroup H of G that acts trivially on X', and G/H acts freely on X'; suppose

moreover that the morphism i: Y — Y between quotient schemes is a closed immersion.
Then the canonical morphism it: Ax — 1, Axs is an epimorphism.

3.3 A localization theorem for modular K-theory

Suppose now that X is a quasi-projective variety over an algebraically closed field, equipped
with an action of a finite group G.

Let A be a finitely generated projectively complete full subcategory of k[G] — mod
containing the trivial representation and equipped with an action of the Burnside algebra
(that is, for any V in A and any I' < G the tensor product V ® Indlgl is also in A).

Then we also have an action of the Burnside algebra on Coh(A, X), induced by the
internal tensor product with representable sheaves. It is immediate to see that this action
passes to K-theory, making K*(A, X) a B(G)-module. In particular we have a decompo-
sition K*(A,X) = @y K*(A,X)y. Since pull-backs and push-forwards are maps of
B(G)-modules, they preserve this decomposition.

3.3.1 Localization in modular K-theory

Now, following the ideas expressed in the previous paragraph, we would like to compare
the modular K —theory of X with that of X for any H < G. We do so by comparing the
modular K-theory of [X/G] with that of its wild inertia.

For any A (finitely generated projectively complete full subcategory of k[G] — mod
containing the trivial representation and equipped with an action of the Burnside algebra),
we have an induction map a4: K*(a*A,X) — K*(A, X) associated to the restriction
a: k[G] — mod — k[Ng(H)] — mod, and an induction i 4: K*(a*A, X)) = K*(a* A, X).
Composing them we get an induction functor

ia: K*(a* A, XH) — K*(A, X).
Our main result is the following localization theorem:

Theorem 3.3.1. Let (X, .A) be as above. Suppose that X admits a stratification
U 2%t 2. L U, = X

by open G—invariant sets such that for any stratum X; := U;11\U; the quotient stack
[Xi/G] is a gerbe with stabilizer normal in G.
Then for any H < G the induction

ia: Ko A, XH )y — K*(A, X))y

18 an isomorphism.
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Proof. First of all we use that X admits a stratification

U %0 & LU, =X
by open G'—invariant sets such that for any stratum X; := U;;1\U; the quotient stack
[Xi/G] is a gerbe with normal stabilizer. Using this fact, we can prove that the theorem
holds for each U; by induction on ¢. Indeed, by Propositon [3.2.12] any closed immersion
i;: Xi — Uit satisfies the condition (x) of Theorem and so we have fon any [ a
commuting diagram

%, A

A
K (A UR) —— Kj(o* A, X)) — Ki(o* A, UH,) L Ko A UH) —— Ky (a* A, XH)

| Y A !

Kl+l(“47 Ul) — Kl(-A> Xl) “—’A> Kl(-A7 Ui+1) #) Kl(-A> Ul) - Kl—l(Aa Xl)

From the five lemma we immediately infer that if we know the thesis for U; and for any X
such that [X/G] is a gerbe then we also have it for U;41.

All we have to do, then, is to show the thesis in the case when [X/G] is a gerbe. In
that case there is a normal subgroup @ < G such that @ acts trivially on X (so that [X/G]
is banded by Q) and P := G/Q acts freely on X. Let us consider the pull back a* A with
respect to a : k[G] — mod — k[Q] — mod; note that P has an action both on X and on
A, and so (by pull-back) it has an action on Ax and on K*(Ajg, X).

Our first step will be to show that o* induces an isomorphism

ot K* (A, X) = K*(Ap, X)F.

To see it, we will show that both o 4a* and a*a 4 are isomorphisms.
Consider the former. Let Y := X/P; we have a commuting square

[(X/Q] — [X/G]

| -

X % Ly

and we have (A‘Q) x ~ &*Ax. In particular the composition a4a is just induced by the
composition &.a* on Qcoh(Y'). By the classical projection formula, this functor is just the
tensor product with the locally free sheaf £ := &, Ox = m,s% ([ ndgl). By Morita theory
this is a local progenerator, so it induces an isomorphism of the exact category Coh(A, X)
and thus an isomorphism in K-theory; alternatively we can observe that the tensor product
with a locally free sheaf induces an action of K*(Y) on K*(A, X), and the class [£] is a
unit in Ko(Y).

Now consider the latter composition. The push-forward a 4F of an A|g—sheaf F sends
5%V to the sheaf &, (V'), with (Ajg)x-action induced by the map Ax — &.&*Ax. Then
composing with the pull-back we get

sV — ®p*F(V)p
peP
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where (—)? means that the o*Ax-action is twisted by p. We conclude that ataqF =
Epepp . F: thus the functor a**a 4 coincides with Zpepp- (=) in Coh(A, X), and this re-
lation must then hold also in K-theory. We conclude, since Zpe pPp-(—) is an isomorphism
in K*(a*A, X)F.

Now, from this fact it follows trivially that we just need to consider the case when H < @)
(otherwise K* (A, X)u is zero and X*H is empty); moreover we have Ng(H)/Ng(H) ~ P,
so that also

oy K*(Angmy, XT) = K*(Ajng ), X

and we just need to prove the claim for K *(.A|Q, X). In particular we can suppose that G
acts trivially and the Auslander algebra is constant on X.
In this case, the result follows from the following

Lemma 3.3.2. Suppose that the Auslander algebra is trivial. Then the induction ay and

restriction o induce an isomorphism

K*(A,X)H ~ K*(A‘H,X)NG(H)

Proof. To avoid confusion, let us call i4 = oA and A = a*. Again, we would like to
calculate the two compositions i 4i and i 4.

Let I be the direct sum of a set of generators for A. Then the push-forward i4 cor-
responds to the push-forward from Endg(I)—modules to Endg(I)-modules, whereas the
pull-back corresponds to ®End(1)cEnd(I)H, where End(I) acts on F(I) on the left and
on End(I)¥ on the right. The left End(I)*-module structure on the pull-back is induced
by the left action of End(I)* on itself.

Consider first i 4i, and let T' := Ind$ (1), which by hypothesis is an element of A. By

definition the sheaf : 4#AF sends an element V € A to the coend
w
/ Homy (VW) & F(W).

But Homy(V,W) = Homy(Hom(V,W),1) = Homg(Hom(V,W),T), so i4tAF(V) is
equal to

/W Homg(Hom(V,W),T) @ F(W)

In particular, i 4iAF = F ® Ax Ar. We conclude that 141 is equal to the multiplication
by Ar in K*(A, X)g; this is an isomorphism, since 7" is invertible in the H—part B(G)n
(it is actually a multiple of the generator).

In order to deal with %4, we want to prove a Mackey-type formula. Clearly it is
sufficient to prove it in the exact category Coh(Apg,X) and, following the definitions,
for the representable sheaf 7 = Ajy. Indeed, by hypothesis, we have Resgl nd%]: =
F ®@pnd(ne End(I)", where End(I)" is seen as a right End(I)®—module and as a left
End(I)H—module. But f®E‘nd(I)G E?’Ld([)H =F ®End(I)H (End(I)H ®End(I)G End(I)H),
where End(I)" ® End(1)G End(I)" has a right End(I)" —module structure given by the
right action of itself on the first copy of End(I).

Now, the induced representation I’ := I nd%[ g = I ®¢ T is representable in A, so the
push-forward sends a* Ay to Aj/, and composing with the pull-back ge get a*.A ResG Ind§1 ;"
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By the classical Mackey formula, this is equal to a sum €@ [ ndeiResgi (L) By
geH\G/H
Proposition |3.2.6| we can assume that each of the I; := IndggResgi(.qH) lies in Ap; we

see then that

Res§IndG Anp(Iiy) = @ Homu (I, 1) = @ o* A, ().
By the same reasoning as above, we have that
IndggResgioz*A”H(I) =a" A (1),

so the result holds, since this is an isomorphism of End(I)" —bimodules.
We saw that we have a Mackey-type formula

ResGIndGF = @D  Indfy, Resh, F
geH\G/H
in the category Coh(Ax, X), and thus also in K-theory. However when H; = H N HY is

not equal to H, the restriction Resgi is zero on the H—part, hence we have Res%[ nd%}]—" =

@D  n-F (where, again, the Ng(H)-action is induced by the conjugation action on
neNG(H)/H

Ajr). However this functor is a multiple of the identity on K*(A‘H,X)NG(H), and we
conclude. A

Comparing the result of the Lemma applied to G with the one applied to Ng(H), (and
noting that obviously Ny, g (H) = Ng(H)) we immediately have our thesis. [ )

Remark. By following the proof of the Theorem, we can also prove that the induction
aq: K (A, XN — KAy iy, X )
18 an isomorphism.

Proof. Exactly as in the proof of the preceding Theorem we use the existence of a strat-

ification of the quotient [X/G] by gerbes and the five lemma to reduce to the case where

there exists () normal in G acting trivially on X and such that P = G/Q acts freely on X.
But then we have a commuting diagram

K*(Ajgg, X)NeUD) = (K*(Aj, X)NeW)HF

J |

K* (AN X) ——— K*(Ang ), X)P

so we can suppose that H < @ or in other words that G acts trivially on X.
In this case the result is exactly the content of Lemma [3.3.2]. [ )

Remark. Suppose that G is of finite representation type and A = k[G] — mod. Then
K*(A —mod) ~ K*(AsPlit),

By Theorem|3.1.5, in this case the only relevant subgroups are those of the form P x C,
where P is a p—group and C' is a cyclic group of order coprime with p if k is a characteristic

p field.
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Appendix A

Homomorphism schemes from
diagonalizable groups

Let us analyze the structure of Ha(G) when GL,, X --- x GL,, is a product of general
linear groups.

Proposition A.1. Assume that G is a product of general linear groups. Then Ha(G)
is represented by an open subscheme in a disjoint union of product of Grassmannians.
The action of G on each connected component of Ha(G) is transitive, and each connected
component contains a k-rational point. Furthermore, HiX(G) 18 a union of connected com-
ponents of Ha(G).

Given two homomorphism f, g: A — G, thought of as k-rational points of HA(G), then
f and g are in the same connected component of Ha(G) if and only if then are conjugate
by an element of G(k).

Proof. Let G = GLy, X --- X GL,,. Clearly H}(G) C Ha(G) is G—invariant, so it is a
union of connected components of Ha (G) if we know that they are G—orbits. We are then
left to prove the remaining claims.

A homomorphism Ag — Gg corresponds to eigenspaces decompositions O = @X ca Vi

for every i = 1,...,r. For every function d: A — N7, let H4 (GL,) € Ha(GL,) be the
subfunctor of the homomorphisms A — G such that for all i’s the eigenspaces V, ; have
constant rank m;d(x) (where 7; denotes the ith component of d). We have a decomposition
HA(G) = [[,;H4(G). If 0 < m < n, denote by G(m, n) the Grassmannian of m-dimensional
subspaces of k™. It has a tautological action of GL,, and here is a G—equivariant open
embedding

HA(GLy) € [[ G(mid(x), ni)

X,

which identifies the former with the open subscheme of nyiG(md(X),n) such that for
every fixed ¢ the subspaces given by G(md(x),ni) are in direct sum. The latter is an
integral scheme and the G—action on it is clearly transitive, proving the first claim.

The spaces O obviously have a d-decomposition for every d such that Zx mid(x) = ni,
so every connected component has a rational point, and we conclude exactly as above that
the G(R) action is transitive on the rational points. [
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If : A — A’ is a homomorphism of diagonalizable group schemes, composing with
¢ gives a natural transformation Ha/(G) — Ha(G). Call Q(A) the set of quotients of
A. TFor each A’ € Q(A), consider the composite HY, (G) C Ha/(G) — Ha(G), which
is immediately seen to be a monomorphism. This induces a G-equivariant morphism of
Zariski sheaves

[T HR(G) — HA®G).
A'eQ(A)

Proposition A.2.
1) The functors HA(G) and HY(G) are represented by a quasi-projective scheme over R.
A
(2) If A" € Q(A), then HIY,(G) is open and closed in HA(G).
3) The morphism / H?,(G) — HaA(G) is an isomorphism.
AeQ(a) HA

(4) If G is finite and linearly reductive, then Ha(G) and HY(G) are finite over Spec R. If
G is étale and R equicharacteristic, HA(G) and HY(G) are finite over Spec R.

Proof. Choose an embedding G C GL,, for some n; this gives an embedding of functors
HA(G) C HA(GLy,).

Lemma A.3. The inclusion HA(G) C HA(GLy,) is a closed embedding.
Proof. This is standard. 'y

Clearly we have H}(G) = Ha (G)NH2(GL,,). More generally, if A’ € Q(A the inverse
image of HA(G) € HR(GL,) in HIY,(GL) equals HY,(G). Hence, to prove . and ( .
we can assume that G = GL,,.

So it is enough to prove that Ha(GL,) is represented by a quasi-projective scheme
over k. Let A be the group of characters A — Gy, of A. By the standard description
of representations of diagonalizable groups, a representation Ag — GL, s corresponds to
a decomposition OF = @xe R Vy into eigenspaces. If d: A > Nisa function, denote by

H4 (GL,) € Ha(GL,) the subfunctor of those representations of A such that the cor-
responding eigenspace V, has constant rank d(x). We have a decomposition of Zariski
sheaves Ha(GLy,) = [[;H4 (GL,). If 0 < m < n, denote by G(m,n) the Grassmannian of
m-~dimensional subspaces of A™. There is an obvious embedding of functors

HA(GLy) € [[ G(d(x),n)
d

which is easily seen to be an open embedding. This proves .
Furthermore, if d: A — N is a function, denote by A/, the quotient of A such that

A\fj C A is the group generated by the y € A with d(x) > 0. Then it is easy to see that
H,(GL,) € Ha(GL,) is the union of the components H% (GL,) with A/, = A’. This
proves and .

To prove , assume that G is finite and linearly reductive or étale.

If A=A’ x A" is a decomposition into the product of two diagonalizable subgroups,
and assume that Ha/(G) and Hav(G) are finite over R; let us show that Ha(G) is also
finite. We get an obvious morphism Ha(G) — Ha/(G) x Har(G); let us show that this is
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a closed embedding. In fact, let S — Ha/(G) x Hav(G) be a morphism, corresponding to
an object (f', ) of (Ha/(G) x Han(G))(S); here, f': Ay — Gg and f”: A — Gg are
homomorphisms of group schemes. Then (f’, f”) comes from a (unique) object of Ha(G)
if and only if f' and f” commute, that is, the morphism (A’ x A”)g — Gg that sends a
pair (¢",0”) into f/(8") " (6") £/ (6")~Lf"(8") 7! factors through the identity section S — G.
Then the result follows from the following standard fact.

Lemma A.4. Let X — S and Y — S be morphisms of schemes, f, g: X — Y morphisms
of S-schemes. Assume that X — S is finitely presented, finite and flat, while Y — S
is separated. Then the functor from schemes to sets, sending a scheme T into the set of
morphisms T — S such that the pullbacks fr, gr: XT — Yr coincide is represented by a
closed subscheme of S.

Now let us prove the result in general. We may assume that R is a local ring, with
residue field k. If G is linearly reductive then after extending the base we may assume that
G is well-split, that is, a semidirect product G1 x Gg, where G is constant, of order not
divisible by char k, and G is diagonalizable. We can split A into a finite product of group
schemes of type p,,», where p is a prime; because of the previous step, we can assume that
A= .

If p = chark, suppose first that G is well-split: then Hom 4 (p,r, G1) = Spec 4, so
Hy,. (G) = Hy . (Go); and, because of Cartier duality, H, , (Go) is a finite union of copies
of Spec A. On the other hand if G is étale then Hom 4(p,-,G) = Spec A, since p,r is
infinitesimal when A is equicharacteristic.

If p # chark, then . is a constant cyclic group scheme of order p"; hence Hy,» (G) is
represented by the inverse image of the identity Spec A C G via the map G — G defined
by = +— aP". This ends the proof of . [
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Appendix B

The Weyl group action on
torus-equivariant K-theory

In this section we briefly discuss the isomorphism K’ (X, GL,) ~ K.(X,T)", where T is a
maximal torus and W the associated Weyl group. Let G := GL,,.

To see this, we first note that K, (X,T) ~ K/, (X, B) where B is the associated Borel
subgroup of G (since [X/T] — [X/B] is an affine bundle).

Now let E — X := [X/G] be the associated vector bundle; we recall here how to resume
the flag bundle [X/B] — X as a composition of projective bundles P;(E) — X.

Let P(E) := P(E) =5 X be the projective bundle associated to E. Then we define
E, as the tatutological vector bundle on P;(E) associsted to P (E) (it is a codimension
1 subbundle of 7iE), and Py(E) := P(Ey) =2 Py(E); inductively it is then clear how,
given P;(E) =5 P;_1(E), we can define E;,; as the tatutological bundle of P;(E) (a codi-
mension 1 subbundle of 7} E;) and P;11(E) := P(E;4+1). At the end of this process we get
Pn(E) = [X/B].

By the projective bundle theorem in equivariant K-theory (see [23]), we have isomor-
phisms K (P;11(E)) =~ [[}25 KL(P;(E)), and by induction we get that K, ([X/B]) is iso-
morphic to a product of n! factors, each isomorphic to K. (X'); The pull-back identifies
K/ (X) as the diagonal subgroup.

These factors correspond to the pieces of the Bruhat decomposition of G/B, and the
induced action of the Weyl group is just the tautological permutation of the factors. Then
it is clear that K.(X,G) ~ K,(X,B)" ~ K/ (X,T)".
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Appendix C

Existence of envelopes for DM and
tame stacks

In this appendix we want to prove the existence of finite envelopes by unions of neutral
gerbes for reduced DM and tame algebraic stacks.

Let X be such a stack, over a fixed base ring R, and let M be its space of moduli.

By [9], Theorem 2.7, there exists a finite surjective cover U — X from a scheme. Let us
consider the cartesian square
F U

X — M

—

where U — M is the composition U — X — M. It is immediate, by [2], Corollary 3.3, to
see that U is the moduli space of F.

Let us take the normalization F of F (which exists by [21]), and its moduli space U,
that is again normal (since a categorical quotient of a normal variety is normal). We want
to prove that F is a neutral gerbe over U; this is sufficient to conclude. Indeed, the map
F — X admits a fppf-local section over an open dense substack V of X that is a gerbe. In
particular, the map Z,F — I, X is generically surjective. By noetherian induction we can
ensure that the closed substack X’ := X'\ admits a finite envelope F', with F’ a finite
union of trivial gerbes; then F LI F' is the sought envelope.

Thus we just need to prove that F — U is a gerbe.
Consider the commuting square

|

N
S+—

—
fe_ "

and note that by construction the arrow F — U admits a section. From the universal
property of normalization, the top row F — U also admits a section. More precisely, take
a smooth atlas C — F and define V := C xz U. Consider the following diagram with
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cartesian quadrangles:

By definition the top horizontal row is a presentation for F and the two bottom-left verti-
cal arrows are dominant, hence by the universal property of normalization all the bottom
vertical arrows admit a lift to the top row. In particular the moduli space map F — U
admits a section U — F.

We conclude with the following

Lemma C.1. Let F be a normal DM or tame algebraic stack such that the projection
F — U to its moduli space admits a section. Then F is a trivial gerbe.

Proof. First of all, we note that we can take a rigidification F — §G; in other words we
can exhibit F as a gerbe over a generically trivial stack G (see the Appendix to [2] for a
reference). Actually, to prove the Lemma we can work étale-locally on U, and thus we may
suppose that F is connected and of the form [X/G], where G is a finite étale or linearly
reductive group (see [16], Theorem 6.1 or [2], Theorem 3.2, respectively). In that case we
can explicitly construct the rigidification.

Passing to a further étale cover, we may take G = P x T, where T is discrete and
P of multiplicative type (]2], Lemma 2.17). Moreover we can make some simplifying
assumptions:

1. First, we can assume that G is either discrete or of multiplicative type. Indeed,
let 7 = [X/G] and Fam = [(X/P)/(G/P)] (where the square bracket indicates
the stacky quotient and the round bracket the schematic quotient). Consider the
cartesian diagram

|

— Fdm

N

Z

where the diagonal arrow is the section U — F. Then Fgm has only étale stabilizers;
moreover U is the moduli space of U and Fgm and by construction in both cases the
projection to U admits a section. In particular if we know the result for stacks that
have either étale or diagonalizable stabilizers we can deduce the general case: indeed
we can infer that Fqm — U is a gerbe and F — Fgqn, is also a gerbe; for the second,
it is sufficient to show that its base-change U/ — U is a gerbe, which we infer looking
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at the cartesian cube

”/I |

\
>

N2

U
[X/P)] J (X/P)

-~ -

Indeed V, being a base-change of [X/P], has only diagonalizable stabilizers and V —
V' by construction admits a section, so we can deduce that it is a gerbe; this implies
that U — U is also a gerbe.

J’.‘

If Fam — U and F — Fgm are both gerbes, then 7 — U is also a gerbe, which must
then be trivial.

. Second, we note that we may assume that X is connected. Indeed, let X be a disjoint
union of connected components X = X; U --- U X,,; since [X/G] is connected, the
map X1 X G I X s surjective. Let G; < G be the maximal subgroup sending X
to itself, defined by the cartesian square

Z:X1XG1*>X1

| !

X1 xG@ —"— X

More precisely, it is readily checked that Z is an open and closed subgroup functor
of X1 x GG; moreover a flat subgroup of a group which is constant or of multiplicative
type is also of the same type; if the base is connected then it must come from a
subgroup of GG, which we call G;.

Then X; xG = X is a G1-principal bundle, so that X x ¢, G — X is an isomorphism.
Taking G—quotients we get that

[X1/G1] — [X/G]
is an isomorphism, so me can assume without loss of generality that X = Xj.

Now let H be the stabilizer of a generic point of X; we may assume that H is a

normal subgroup of G. Indeed, if G is of multiplicative type this follows from the fact that
the stabilizer of any generic point of X must be of multiplicative type and come from a
subgroup of GG; moreover G is abelian, so H is certainly normal.

If G is discrete then X is integral (as it is étale over a normal stack, hence normal

itself), so H is the stabilizer of the unique generic point of X (and as before comes from a
subgroup of G); again, H must be normal in G.

Let now Z C X be the fixed locus of H, which is closed. Then we have that Z is
G-invariant, since H is normal in G; but [X/G] is reduced (since it is normal) and [Z/G] is
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a closed substack containing the generic point of | X/G|: this implies that [Z/G] = [X/G].
We conclude that Z = X, as we wanted.

Summarizing, H acts trivially on X, so there is a morphism
[X/G] — [X/(G/H)]
This is easily seen to be the rigidification map.

Still working étale-locally and mantaining the above notation we see that the rigid-
ification G is again normal. Indeed, assuming again without loss of generality that H
is normal, we have G = [X/(G/H)] when F = [X/G]; taking a faithful representation
G — GL,, we can write G = [(X x¢ GL,)/(GL,/H)]. But GL,/H is smooth and thus
the map X xg GL, — G is smooth; the former scheme is normal by assumption and we
conclude that G is normal as well.

Then we have that G — U is generically an isomorphism and admits a section, that must
be finite and representable. Since G is normal we conclude that U — G is an isomorphism.
In particular G is a scheme.

Finally, 7/ — U is a gerbe over a scheme with a section, so it is a trivial gerbe, as we
wanted. 'y
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