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Foliations and the cohomology
of moduli spaces of bounded global G-shtukas

Abstract

We decompose Newton strata in the special fiber of moduli spaces of global G-shtukas into a
product of Rapoport-Zink spaces and Igusa varieties. This decomposition holds as well for associated
adic spaces, which yields a comparison between the f-adic cohomology of these spaces together with
the action by the reductive group G and the Galois-group of the underlying ground field.

Introduction

Moduli spaces of bounded global G-shtukas are the function field analogues of Shimura varieties over
number fields. Therefore one expects that Langlands correspondences can be realized in their /-adic
cohomology. In fact recently V. Lafforgue [Lafl2] made huge progress in this direction. In this article
a different approach is taken: Following Harris and Taylor [HT01] and Mantovan [Man04], [Man05]
the moduli space of bounded global G-shtukas is replaced by two moduli spaces parametrizing simpler
objects and compare the representations found in their cohomology.
Let us describe the main results in slightly greater detail: Let Iy be a finite field of characteristic p, G
a reductive group over F; and K a function field over F,. By fixing a suitable ring of integers in K, one
obtains a smooth projective geometrically connected curve C. Let ¢ be the Frobenius on C. Based on
Drinfeld’s notion of elliptic modules [Dri74], Varshavsky [Var04] defined global G-shtukas as G-torsors ¢
over C together with an isomorphism ¢ : 6*¥ — ¢ over an open subscheme of C'. The points ¢y, ..., ¢,
in the complement of this open subscheme are called characteristic places. Moreover level structures
with respect to open subgroups U C G(A) and boundedness conditions exist on global G-shtukas,
cf. and for definitions. Such global G-shtukas then admit moduli spaces VEH{,(C, G), which
are Deligne-Mumford-stacks whose (in general infinitely many) connected components are quotients of
quasi-projective schemes of finite type by finite groups. They exist not only over the function field,
but admit natural integral models, whose special fibers X/} are characterized by fixing the locus of the
characteristic places.
Loosely speaking, the key observation is now, that one may separate the behavior of a global G-shtuka
locally around the characteristic places from its global structure, at least over the special fiber. The local
part was analyzed in detail by Hartl and Viehmann [HV1I], [HV12] and is given by the Rapoport-Zink
space of local G-shtukas, a function field analogue of the moduli spaces of p-divisible groups defined by
Rapoport and Zink [RZ96]. To G one may associate the loop groups L*G and LG over Fy given by the
sheaves

LTG(S) = G(0s][2]]) LG(S) = G(O0s((2))) for schemes S over F,.

Then the restriction of a G-torsor ¢4 over a curve C to the formal neighborhood of a point ¢; is nothing
else than a L*G-torsor G over the point itself. Similarly the restriction of the Frobenius-isomorphism
 is now given by a Frobenius-isomorphism ¢ : 0*(G xLtG LG)— G xL"G LG between the associated
LG-torsors. Such a pair (G, ¢) is called a local G-shtuka. Thus fixing a fundamental alcove b, (cf.
and introducing boundedness conditions here as well, one can give the moduli problem

/\/lj“(S) _ [ (G, ) alocal G-shtuka bounded by p over S and
by o a:(G,0) = (LTG,b,0*) a quasi-isogeny

The formal scheme representing M; 21 g called Rapoport-Zink spaces. Denote its special fiber by M’ Sw
Unfortunately the global counterpart namely Igusa varieties, are not as easily constructed. Following the
work of Harris and Taylor [HT0I] they should parametrize global G-shtukas together with equivalence



classes of trivializations of the associated local G-shtukas at the characteristic places. In other words, one
should consider central leaves C[(]Vi), i.e. the loci where the associated local G-shtukas lie in one specific
isomorphism class, and parameterize partial trivializations over them. However whenever the chosen
fundamental alcove b, is not basic, the usual definition turns out not to be representable over central
leaves. Mantovan suggested to pull back the global G-shtukas along a high power of the Frobenius,
which then admits a partial splitting into basic factors, which suffices to construct the Igusa varieties.
We essentially follow this idea, but modify it in two ways:
First of all we base-change directly to the perfection of the central leaf. Then pulling pack along the
Frobenius defines an isomorphism, allowing us to work directly with the given global G-shtuka.
Secondly using the description of general Igusa varieties as products of Igusa varieties for the basic case,
complicates all further arguments which use the moduli description. This is mainly due to the fact, that
whenever constructing partial trivializations, one has to check that they split and hence define a point
in the Igusa varieties. Fortunately there is a uniform moduli description: For simplicity let us consider
only the case of a single characteristic place ¢; in this introduction. Fix as above a fundamental alcove
by, and consider then the central leaf, i.e. the locally closed locus in X}, defined by all geometric points
where the associated local G-shtuka is isomorphic to (LT G, b,,0*). Moreover define for each d > 0 the
subgroup

Lu(b,,) = () 6" (Ka) € LG

N>0

where ¢(g) = b,,'o7 ()b, for all g € LG and K4 = {g € LG |g = 1 mod 2*"'}. Then I4(b,,) is a
closed subgroup in LTG and the universal local G-shtuka admits a canonical Iy(b,,)-structure, i.e. a
natural I(b,,)-subtorsor inside its LT G-torsor. Note that such an Iy(b,, )-structure is strictly stronger
than having complete slope division (once this notion is transported from p-divisible groups [0Z02]
definition 1.2] to local G-shtukas, cf. [1.3).

In this situation it makes sense to talk about I;(b,,)-truncated isomorphisms, which are equivalence
classes of isomorphisms that (roughly speaking) induce the same map modulo I;(b,,). For a precise
definition see Now we may define Igusa varieties as the moduli space parametrizing bounded global
G-shtukas (with level structure) together with an I4(b,,)-truncated isomorphism between the associated
local G-shtuka and (Lt G, b,,*). Such moduli spaces IgfiU are representable by a finite étale cover over

the perfection of the central leaf C[(in)ﬁ. Note that we actually construct these Igusa varieties directly,

instead of using the product of Igusa varieties for the basic case and then showing the equivalence of
the moduli descriptions.
If one uses this construction for all characteristic places, one similarly obtains an Igusa variety Iggjd D for
tuples (d;);. In the limit for growing d; these Igusa varieties parametrize global G-shtukas with actual
trivializations at all characteristic places.
The connection between Rapoport-Zink spaces, Igusa varieties and the moduli space of global G-shtukas
is achieved via the so-called uniformization morphism. In the setting of mixed characteristic, such
morphisms were constructed in a very general setting by Rapoport and Zink [RZ96] and Mantovan
[Man05], based on a large number of previous works in more special cases. For shtukas a first version
was constructed by Arasteh Rad and Hartl in [AHI4a]. The idea is to take the global G-shtuka living
over the Igusa variety, cut out the torsor at the characteristic places and then fill the hole using the
canonical quasi-isogeny to the universal local G-shtuka over the Rapoport-Zink space. This way one
obtains a morphism

Mooy + [T T % — X,

3

Note that due to the existence of Igusa varieties only over perfect schemes, () (a priori) only exist
after passing to the perfection for all schemes.

Main Theorem 1. a) The morphism T () factors over the perfection of the Newton stratum /\/',(]V")ﬁ C

Xgu, i.e. the locus where the associated local G-shtukas are quasi-isogenous (but not necessarily isomor-
phic) to (LTG,b,,0%). It is surjective over the Newton stratum. The fibers over geometric points
of ./\/((]V"')ﬁ are torsors under the group of self-quasi-isogenies [[J; of the associated local G-shtukas
(L*G,b,,0*) at all characteristic places.



b) T(s0;) can be expressed as a limit of morphisms, which are surjective on the Newton stratum themselves
and are alternating finite or étale.

Most parts of the theorem were shown by Mantovan [Man04], [Man05] in the case of Shimura
varieties of PEL-type. Only the étale versions of the covering morphism are completely new and due to
our change to consider everything over perfections. One more advantage of this change becomes visible,
when one tries to extend this result to formal schemes: While definitions of covering morphisms like
the ones used by Mantovan allow only locally and non-canonical extensions to the formal setting, the
theorem above stays true (almost verbatim) when all spaces are replaced by their formal counterparts,
as explained in section @ In fact one can even pass to (analytic) adic spaces with only slight changes.
As a first application of this theorem, we prove that the dimension of leaves, i.e. the loci in X/; where the
associated local G-shtukas lie in some fixed isomorphism class, are constant inside one Newton stratum.
After having now a very good understanding of the geometry, we are able to deal with the cohomology:
From the point of view of Langlands’ correspondence we are interested in

N (1)l HE (V235 (C.G) x K, Q)
U

%

as a representation of G(A) x I'r,, where A is the ring of adeles and I'y, is the absolute Galois group of
[Fy (or equivalently the Weil group of the absolute Galois group of K). Here the action of G(A) x I'p,
is induced by the natural action of these groups on the tower of spaces VAH], (C,G) x K for varying
level structure U. However due to technical problems, we can only deal with it as a G(A%) x T'g/-
representation, where A% is the ring of adeles away from the fixed characteristic places and I'g: is the
absolute Galois group of a finite extension E’/F,. Moreover for similar reasons we have to impose a
projectivity condition on the moduli space of global G-shtukas.

After transporting the cohomology to the special fiber using vanishing cycles and using the decomposi-
tion into Newton strata, one is then reduced to the study of

> (1) lim H} (Ng”” x Fq,R\IJ;’an)
i U

(3

Then a Kiinneth type formula allows us to rewrite this in terms of the cohomology of Rapoport-Zink
spaces and Igusa varieties resulting in the

Main Theorem 2. Let VEH(C,G) be a moduli space of global G-shtukas, such that all connected
components of VEHY(C,G) are proper over Spec E'[[C1, ..., Cal]-
Then there exists a canonical isomorphism between the virtual G(A) x T g -representations

> (—1)'H (VEH(C,G) x K, Q)

%

and

3 (o1 (e ([T By ) i (i <R, 2.
(vi) dye, f ) U d;

This theorem implies, that instead of analyzing the cohomology of the whole moduli space of global
G-shtukas, it essentially suffices to understand the cohomology of Rapoport-Zink spaces and Igusa
varieties. A few more remarks on this formula: While the description above suggests that the product
decomposition is only needed over the special fiber, this is far from true. To apply the Kiinneth formula
one has to compare vanishing cycles sheaves for Newton strata, Rapoport-Zink spaces and Igusa varieties.
For this it is essential to have a good control over the situation of associated analytic adic spaces. On
the other hand passing to perfections does not change the cohomology, so having the covering morphism
only over perfections does not impose further difficulties.

When comparing this result to the corresponding one for Shimura varieties found in [Man04] or [Man05],
the most notable difference is the appearance of vanishing cycles in our final formula. This is mainly due
to problems with incompatibilities of stratifications and passage to adic spaces, which create problems



when trying to argue as in [Man04]. Please refer to the discussion at the end of this article, why it is
even likely that removing the vanishing cycles is impossible.

A few final remarks on the structure of this paper: Section [2] deals with the local theory. Much of this
treatment is a straight-forward generalization of [HV11], though the new boundedness statement
for inverses of quasi-isogenies simplifies many arguments. Moreover in the description of the Tate
functor is improved upon the treatment in [AH14a]. Finally we prove in that quasi-isogenies on
generic fibers of normal schemes extend uniquely to the whole scheme, at least if the quasi-isogeny class
of the local G-shtuka does not vary. The corresponding result for p-divisible groups is called Tate’s
theorem, cf. [Tat66, theorem 4] and [Ber80, §4.1].

Section [3]is devoted to the theory of global G-shtukas. While most purely global statements can already
be found in [Var04] or [AHI4al, [AH14b|, the focus here lies on the interplay between global and local
notions. The global-local-functors £., in were already constructed in [AHI14a], though using an
alternative construction less suited for our needs.

Section {4 finally introduces Igusa varieties over central leaves. The first step in this direction is to
translate the notion of a complete slope division to shtukas and to see that universal local G-shtuka
over central leaves admit them, which is done in In [£4] this is strengthened to the existence of
Iy(by,)-structures. This allows us to prove representability of Igusa varieties over basic strata in and
in general in [£.6] In these sections the basic properties of Igusa varieties are established as well.
Having now Igusa varieties, one can prove main theorem 1 in section [5] [5.1] describes the construction
of the uniformization morphism, removing some inaccuracies in the original proof of [AHI4b]. After
discussing several versions of the product composition in to the application to dimensions of
arbitrary leaves is discussed in

The next section [f] focuses on extending the product decomposition to formal schemes and adic spaces,
after constructing a suitable formal version of central leaves in [6.1]

Finally we deal with the cohomology in section |7} The first half deals with establishing a Kiinneth type
formula over the special fiber in the flavor of theorem 5.13 of [Man04]. In this is applied to the
sheaves of vanishing cycles of torsion sheaves, which finally gives main theorem 2 in
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1 Notations

We fix the following data:

e [, a finite field of characteristic p.

F, an algebraic closure of F,.

E a finite field extension of [F; inside Fq. Any other finite field extension will always take place
inside ﬁq.

I' = Gal(F,/E) the absolute Galois group of E.

C a smooth geometrically irreducible projective curve over F,.

e G a connected reductive group over IF,.

B C G a Borel subgroup defined over F,.
e T' C G a maximal (not necessarily split) torus defined over F,.

e X*(T) = Homg_ (T x SpecF,,G,, x SpecF,) the character group of T.



X.(T) = Homﬁq (G, x SpecF,, T x SpecF,) the cocharacter group of 7.

X*(T)dom respectively X, (T)gom the set of dominant elements in the (co)character group of T
(wrt. the chosen Borel B).

o 71 (G) = X.(T)/{coroot lattice} the (algebraic) fundamental group of G.
e For any set S with I'-action (like X.(T) or m1(G)), we denote the set of I'-orbits by S/T.

Note that any connected reductive group over a finite field is automatically quasi-split (e.g. by [Spr79]
4.3-4.4]), hence the Borel B indeed exists.

We will use two Frobenius morphisms depending whether we consider the local or the global situation.
Both are denoted by ¢ and are for F,-schemes S

e in the local context (i.e. in section [2} etc.): o : S — S the absolute ¢-Frobenius.

e in the global context (i.e. in most of section etc.): 0 : C XgpecF, S — C Xgpecr, S the identity
on C and the absolute g-Frobenius on S.

Furthermore for two schemes or stacks X,Y over SpecF, respectively Spec £/ we will abbreviate the
fiber product
XX]FQYZ:XXSpeC]FqY resp. XXEYIZXXSpecEY

Remark 1.0.1. We essentially require for £ to be large enough to satisfy the following two conditions:

e Every bound p in the cocharacter group of the maximal torus of Resg/r, (G) (for some fixed finite
extension F of F,;) can be defined over E, cf.

e The fundamental alcove b, can be represented by an element defined over F, cf.

In the case of split groups G these two conditions are always satisfied already for &/ = IF,.

2 Local G-shtukas

We define local G-shtukas for connected reductive groups G and study their properties. Except for the
sections and all statements were essentially established by Hartl and Viehmann [HVII]. The
main difference to their treatment is, that we no longer assume that G is split, though this requires only
small changes to any of their proofs. Section was inspired by [AHT4a] and [AHI4b]. There much of
the theory of G-shtukas is developed even for non-constant group schemes, though the statements are
sometimes not strong enough for our purposes.

We will state all theorems needed in the other parts of this work, but mostly refer for proofs to [HVII]
(at least after explaining how to reduce to the split case).

2.1 Generalities on torsors

Let us recall some generalities on torsors under (ind-)group schemes. These will be used frequently
(without explicit reference) for various groups. In this section the base spaces S will always be Deligne-
Mumford stacks, from now abbreviated by DM-stacks.

Definition 2.1.1. Let H be an (ind-)group scheme overF, and fix some topology * € { fpqc, fppf, étale}.
A (right) H-torsor on a DM-stack S overF, is a sheaf H for the x-topology together with a (right) action
of H on H, such that x-locally on S the sheaf H is isomorphic to the sheaf of points of H.

Remark 2.1.2. i) Any torsor under an (ind-)affine (ind-)scheme is relatively representable by an (ind-
)scheme. Thus whenever convenient, we will view H as an H-(ind-)scheme which admits after a x-cover
S’ — S an H-equivariant isomorphism H xg S’ = H x 5.

ii) H-torsors over S are classified up to isomorphism by Cech cohomology H'(S,, H).

iii) If f: 5" — S is any morphism of DM-stacks and H an H-torsor over S, then its pull-back f*H is
an H-torsor over S’. In particular this applies to the Frobenius morphism.



_ If Hy — H> is a morphism between (ind-)group schemes, then the induced morphism HY(S,, Hy) —
ot (S«, Ha) associates to each Hi-torsor an Ha-torsor. This can be turned into a functor via the following
explicit

Construction 2.1.3.
Let H;, be an H;j-torsor over a DM-stack S. Then consider the %-sheaf H; x™* Hy defined as the
sheafification of the presheaf

S" s {H1(S")-orbits in H1(S") x Ha(S")}

where H;(S") acts on H1(S’) via the given right action and on H3(S’) via left multiplication by the
inverse of its image under Hy(S’) — Ha(S").

Then H; x 1 Hy admits a canonical (right) Ha-action by right multiplication on the second factor. It is
easy to see that H; x1 H, admits a trivialization over S’ whenever this happens for H;. So H; x ™ Hy
is indeed an Hs-torsor.

It is an easy exercise to see that this construction extends to morphisms between Hi-torsors and com-
mutes with arbitrary base-changes.

Definition 2.1.4. [Fal03, definition 1] Let G be a connected reductive group over F,.
a) Lt G is the infinite dimensional group scheme over F, representing the fpqc-sheaf of groups

S = G(I(S, Os)[[2])-

b) LG is the ind-scheme (of ind-finite type) over Fy representing the sheafification of the fpgc-presheaf
of groups

S = G(I(S,05)((2)))-
¢) There is a canonical inclusion L™G C LG. If G is a LT G-torsor over a scheme S, then LG =
G xL'6 L@ (cf. the previous construction) is called the LG-torsor associated to G.

Remark 2.1.5. Usually G-torsors (and in particular global G-shtukas, cf. [3.1.3)) are denoted by ¥,
while G is used for LT G-torsors (and in particular local G-shtukas, cf. [2.2.1]).

As in the case of smooth affine group schemes of finite type, we can omit specifying the actual
topology by the following

Lemma 2.1.6. Using the notation above,
Hl(sét, L*G) = Hl(Sfppﬁ L+G) = Hl(squm L*G)
i.e. LT G-torsors for the étale, fppf- and fpqc-topology are equivalent.
Proof. The proof of [HVTI] proposition 2.2] holds for any smooth affine group scheme. O

Similarly to the construction above, we may define functors from torsors to vector bundles using repre-
sentations:

Lemma 2.1.7. Let G be a connected reductive group over F, and fix a representation p: G — GL(V)
for a finite-dimensional E-vector space V' over a finite field extension E/F,.

a) The representation p induces a canonical functor from G-torsors over an E-scheme S to line bundles
of rank dim' V' over S.

b) The representation p induces a canonical functor from LT G-torsors over an E-scheme S to locally
free Og[[z]] = Os ®@g E[[z]]-modules over S.

¢) The representation p induces a canonical functor from LG-torsors over an E-scheme S to locally free
Os((2)) = Os @ E((2))-modules over S.

All these functors are compatible for passing from G-torsors to LTG-torsors and LG-torsors via the

inclusions G C LTG C LG.



Proof. We will prove only part b) as the rest follows in the same way and the compatibilities are obvious.
So let G be a LTG-torsor over S and consider the sheaf G xLTG YV over S defined as the sheafification

of the presheaf
S" = {LTG(S') -orbits in G(S") x (V @ Os][[2]])(S)}

where we view V' as a constant sheaf on S and take the induced L*G-action on V ®@g Og][[z]]. Then

G xL"C V trivializes over the same covers as G did, hence is indeed locally free. Moreover it is an easy
exercise to see that this construction extends to morphisms between LT G-torsors. O

2.2 Local G-shtukas and bounded quasi-isogenies

We will now recall the definition of a local G-shtuka and morphisms between them, called quasi-isogenies.
But it turns out, that most moduli spaces for local (and global) G-shtukas exist only as ind-schemes.
To remedy this, boundedness conditions are introduced in order to specify subspaces of such moduli
spaces, which exist as (formal) schemes locally of finite type. To give us more flexibility we start by
defining bounded morphisms between LG-torsors associated to arbitrary L™ G-torsors, and specify then
to the case of local G-shtukas and, in section to global G-shtukas.

Recall that o denotes the absolute g-Frobenius and G is a connected reductive group over F,, that is
not necessarily split. We fix a finite field extension E of F, (as usual viewed as a subfield of F,).

Definition 2.2.1. ¢f. [HV11, definitions 3.1 and 3.8] a) A local G-shtuka over a DM-stack S over E
is a pair (G, ) consisting of a LTG-torsor G on S and an isomorphism ¢ : 0* LG — LG of associated
LG-torsors.

Denote by Shitg the ind-stack representing the functor of local G-shitukas up to isomorphism.

b) A local G-shtuka (G, ) is called étale if p is induced from a morphism ¢ : 0*G — G between L+ G-
torsors. The ind-stack of étale local G-shtukas is denoted by EtShtc.

¢) A quasi-isogeny between local G-shtukas o : (G,p) — (G',¢') over S is an isomorphism of the
associated LG-torsors o : LG — LG satisfying ¢’ o 0*a = a0 .

The set of quasi-isogenies between two local G-shtukas is denoted by QIsog((G,v), (G, ¢")).

Remark 2.2.2. i) We claim above that Shtg is an ind-stack. Indeed it is not hard to see that it is given
by a LG-bundle over a substack of the stack of LT G-torsors. But for all of our applications it suffices to
know that Shig is a category fibered over the category of DM-stacks over E, which is obviously true.
ii) The Frobenius-isomorphism ¢ of a local G-shtuka (G, ) over S can be viewed as a quasi-isogeny
p:(07G,0"p) = (G,9).

iii) Note that the definition makes sense for arbitrary connected linear algebraic groups over F,. In
particular, if P C G is any parabolic subgroup, then the notion of a local P-shtuka (appearing in
section makes sense.

Though we will mainly be interested in local G-shtukas, we will need at several points some more
data respectively more general notions:

Definition 2.2.3. a) Let P C G be any subgroup (which will usually be parabolic) and H C LTP
any open subgroup. A local G-shtuka with H-structure over a DM-stack S over E is a triple (G, ¢, H)
consisting of a local G-shtuka (G, p) and an H-torsor H over S together with a fixed isomorphism
HxHLTG=g.

A quasi-isogeny is a quasi-isogeny between the local G-shtukas (after forgetting the H -structure).

An isomorphism is an isomorphism of the local G-shtukas, which is induced from an isomorphism of the
H-torsors.

Denote the ind-stack of local G-shtukas with H-structure by H - Shtg.

b) Let H be any affine algebraic group over F,. Then an étale local H-shtuka over S is a pair (H, o)
consisting of an H-torsor H over S and a o-linear isomorphism @3 : 0*H — H.

Denote the ind-stack of étale local H-shtukas by H - EtSht.

Remark 2.2.4. Local G-shtukas with H-structure will appear in the definition of Igusa-varieties, cf.
section Etale local H-shtukas will already appear in the discussion of adelic levels structures of
global G-shtukas, cf. section |3.4



We turn now to the definition of bounds. Apart from generalizing to non-split groups, we use essen-
tially the construction introduced in [HVTI]. Nevertheless there is one slight change to the definition:
Boundedness conditions for local G-shtukas contain certain compatibilities in the set of orbits 71 (G)/T.
Nevertheless they should correspond to boundedness conditions on global G-shtukas (cf. section ,
which seem not to be able to detect differences in the torsion of 71 (G)/T". This forces us to work with
m1(G)g/T = (m(G) ® Q)/T rather than m (G)/T itself.

We will work over the category Nilpgji¢) of DM-stacks S over Spec E[[(]] such that ( is locally nilpotent
on S. Consider now two LTG-torsors G and G’ over a DM-stack S € Nilpgje) and o : LG — LG a
morphism between the associated LG-torsors.

Construction 2.2.5. The Hodge point of « (cf. [HVII definition 3.3])
Consider a geometric point § : Speck — S mapping to a point s € S. Choose any trivializations
Gs & LTG5 and GL = LTG5 of the restriction of the LT G-torsors to 5. Then the restriction of « to 5
defines a morphism

as: LGs = LGs — LG: = LG5

i.e. an element oz € LG(k). Note now that G splits over k and that LTG C LG is a special subgroup.
Hence the Cartan decomposition yields

LG(k)= |J LTGk)z"L*G(k)

HEX* (T)dom

cf. [Tit77, 3.3.3]. This associates to o and 5 an element in X, (T)qom C X«(T), which is independent
of the trivialization of the two LT G-torsors. Projecting down to the set X, (T)/T" even eliminates the
dependence on the choice of the geometric point § mapping to s. Hence this defines a homomorphism
(of sets)

ula) : S — X, (T)/T

which we call the Hodge point of «.
The canonical projection X, (T') — m(G) = m1(G)g = m(G) ® Q is I'-equivariant. Hence we may
compose the morphism above with X, (T)/T — m1(G)g/T to get

()] : S = m1(G)g/T.
Lemma 2.2.6. mo(LG) = m(G)/T.

Proof. By [PROS, theorem 5.1] there is an isomorphism 7o(LG x g F;) 2 71 (G), which is by construction
[-equivariant. All connected components of LG x g F, in one T-orbit have the same image in LG, hence
map into the same connected component of LG. Moreover LG x g F, — LG is a closed morphism as a
limit of finite morphism. So each connected component of LG x g F, actually maps surjectively onto a
connected component of LG. This implies that the preimages of elements under 7o (LG x gF,) — mo(LG)
consist of precisely one I'-orbit, because this is true for preimages of single points under LGx gF, — LG.
Thus we obtain isomorphisms

70(LG) = 70(LG x s Fy) /T = 71 (G) T

O

Using this isomorphism, the construction of the Hodge point [u(a)] can be reformulated in a slightly

more conceptual way: The morphism « induces a map S — 7o(LG) by trivializing « locally. It is well-

defined, because the image for different trivializations is contained in one connected L™G-conjugacy
class. Then by the previous lemma we get the map

S — mo(LG) = 11 (G)/T — m1(G)g/T,

which equals [p(«)] on geometric points by a straight-forward computation.

Lemma 2.2.7. ¢f. [HVI1I, proposition 3.4] The map [u(«)] is locally constant.



Proof. Let f: S x g SpecF, — S be the base-change to F,. Then by definition
[u(f*@)] = [u(a)] o f : S xg SpecFy = m(G)o/T

where f*a: £G x gSpecFy — LG x g SpecF, is the pullback of a.. Thus it suffices to show that [u(f*a)]
is locally constant. But as G splits over Fg, this follows from proposition 3.4 in [HV11], which even
states that the morphism to 71 (G) itself is locally constant. O

Remark 2.2.8. Alternatively use the description in the previous remark: The map S — 7o(LG) factors
by definition étale-locally over LG, hence it factors as S — my(S) — mo(LG), too. So the Hodge point
[1(a)] factors over mo(S) as well.

Consider any dominant character A € X*(T'). It is defined over some field extension F/F, and
(=N)dom, i.e. _ the dominant element in the orbit of —A under the Weyl group, defines a representation
of the Borel B opposite to B

(—=N)dom : B xg, SpecF — G, xr, SpecF

which is trivial on the unipotent radical of B xp, SpecF. Thus we may consider the Weyl module of
highest weight A

V(N = (Ind%(=N)dom)"
which is defined over F.

Set now E’ = FE - F the composite of F and F in Fq. Then we may associate to any LT G-torsor G over
an E-scheme S the locally free sheaves over S X g Spec E

Gr=Gx"CVe(\)  and LG = LG x"F V()

using construction [2.1.7] Note that G is naturally a sub-Og|[z]]-module of LG .
By functoriality any morphism o : £LG — LG between two LG-torsors induces now an isomorphism

Q) - ,Cg,\ — [:g/)\

of sheaves of Og((z))-modules.

Definition 2.2.9. Let i € X,.(T)dom be a dominant cocharacter which can be defined over E.
a) Let G and G' be two LTG-torsors over DM-stack S € Nilpgje) and o : LG — LG a morphism
between the associated LG-torsors. Then « is bounded by p if

1. for any dominant weight X € X*(T)qom defined over some finite field extension E'/E
an(Gr) C (z = Q) NamiIGl =Gl i) (2= )7 aem

inside Q’A ®OS><ESpec w120 OstspeC Ez((z)) = ﬁg;\
2. [u(a)](s) = [1] € m(G)g/T for all points s € S, where [u] denotes the image of p in 1 (G)g/T.

b) A quasi-isogeny o : (G, @) — (G',¢") is bounded by u if the morphism o : LG — LG between
associated the LG-torsors is bounded by pi.

¢) A local G-shtuka (G, p) is bounded by p if ¢ is bounded by u when considered as a quasi-isogeny
between (0*G,0*p) and (G, p). Denote by Shté“ the stack of local G-shtukas bounded by p.

Remark 2.2.10. i) We require p to be defined over E in order to ensure that condition 1. is independent
with respect to pullback along a morphism induced by some element in I'g, cf. remark as well.
Moreover condition I. is independent of the choice of the field extension F/F, over which X is defined.
Condition 2. implies in particular that the Hodge points [(c)](s) are T'-orbits consisting of only one
element in 71 (G)g.

The boundedness condition does not depend on the choice of the field E (as long as the cocharacter u
can be defined over it). The only non-obvious part is condition 2., where this follows from the fact that
the I-orbit of 1 in 71 (G)g has always exactly one element, whatever base field we take.



ii) The boundedness conditions can be checked étale (or fpqc)-locally on S. For conditions I. this is
implied by part i) of this remark and for condition 2. it follows from lemma [2.2.7]

iii) Definition 4.5 in [AHI4al is a much more conceptual treatment of bounds via ind-subschemes 7 cGr
(cf. for the definition of (/l\r), though is has two main disadvantages for our purposes: First of all
it is a priori not obvious to us, that there exist sufficiently many bounds Z. Nevertheless combining
proposition and theorem shows, that boundedness by p (in our sense) can be expressed by
boundedness by some Z as in [AH14a]. Secondly (and more seriously) we do not know whether an
arbitrary bound Z behaves well when passing to inverse morphisms.

Lemma 2.2.11. [HVI11, lemma 3.7] Condition 1. holds for every dominant weight if and only if it
holds for a subset A C X*(T)gom of dominant weights that generates the monoid of dominant weights.
A can be chosen to be finite.

Proof. The proof in [HVTI] can be used verbatim for non-split G as well. O

Remark 2.2.12. Condition 1. holds for A € X*(T")gom if and only if it holds for 7.\ for any 7 € I' =
Gal(F,/E):

Let F/F, be a finite field extension, such that A (and hence 7.\) can be defined over F. Let E' = E - F
as above and 7 : S x g Spec B/ — S x g Spec E’. As « is defined over F, i.e. fixed under 7, we have that

ax(Gy) C (z — ¢) (N aomn gl

if and only if
an(7°G)) = 7 (ax(Gn) € 7" (2 = T Neomidgl) = (2 — ()~ Nmid 7 (g

Furthermore 7 induces an isomorphism Vg () & Vg (771.\) as representations in E-vector spaces (but
changes of course the E’-structure on it). This gives isomorphisms 7*Gy = G, -1, and 7* LG\ = LG 1
as sheaves over S x g Spec E’. In particular the inclusion above may be rewritten as

ax(Gr-1.5) C (z — Q)" (Naommmigr |

Using (=771 A)doms ) = (T71(=Ndom, 1) = ((=A)dom, T-1) = ((=A)dom, 1) by Gal(F,/E)-invariance
of p, this is precisely the boundedness condition 1. for 7.A.

2.3 Bounds for inverse morphisms

The next aim is to show that the inverse of a morphism bounded by p is bounded by (—g)dom €
X (T)dom- If Weyl modules would be self-dual, this would be an easy exercise. But as they are not, we
will first prove this fact for G = GL,, and then transport the result first to arbitrary split groups and
finally to any connected reductive G.

We still work with groups G' which are defined over F,;. This restriction is hardly necessary in this
section. For example (after suitable generalization of bounds) everything works as well for unramified
groups over local fields.

The reader may replace the term 'L+ G-torsor’ by ’local G-shtuka’ and 'morphism of associated LG-
torsor’ by ’quasi-isogeny’ everywhere without changing (or simplifying) anything. In fact, except for
one proof in section [3.5] these results are only used in the context of local G-shtukas.

Lemma 2.3.1. Let G = GL,, with the mazimal torus of diagonal matrices T and the Borel of upper

triangular matrices B, Std = T} be the standard representation of GLy. Let G and G’ be two GLy-
torsors over an E-scheme S and o : LG — LG’ a morphism between the associated LGL,,-torsors.
Abbreviate the vector bundles constructed in by Gsia = G x LT GLn Std, LGgig = LG xLCGLn Std
(and similarly for G') and the induced morphism by asiq @ LGsta — LG,y Then « is bounded by
a dominant element p = (p1,...,pn) € Xu(T) =2 Z" if and only if the following two conditions are
satisfied:

1.7 (Nasia) (N Gsta) C (z — Q)rn—itrtetin NPGL - for every 1 < i < n.

2.7 [u(a)](s) = [1] € m1(GLy,) for all points s € S.
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Proof. First note that m1(GL,,) is torsion free with trivial I'-action, so conditions 2. and 2.’ are clearly
equivalent. ‘ '

See now [HV1I] section 4] how to identify Vgr, (6;) = A" Std, G5, = N'Gsia and a5, = Alageg for
the dominant weight §; = (1,...,1,0,...,0) with the first ¢ entries equal to 1. Furthermore note that
—{((=6:)dom, 4) = Mn—i+1+ ...+ pn for all 4. Thus it is clear that the given conditions are necessary for
« to be bounded by p. As all these §; for 1 < i < n together with —§,, generate the monoid of dominant
weights, the conditions are also sufficient by lemma [2.2.11] if they imply

as,(G-5,) C (2= QNG
for N = py +. ..+ p,. To prove this we first show that o, induces an isomorphism on the integral level

as,0:Gs, — (2= QNG5 .

ny

We only have to show surjectivity, which is a local property. Thus assume wlog. that Ggiq, G5, =
Ogs|[z]]™ (for some chosen isomorphisms) and agq is given by an element in LG L,,(S). Then \" Gsta =
Os[l#]] and A"agyq, ie. «as, 0, is simply multiplication with det(asiq). After pulling back to any
geometric point § with image s we have det(asiq)s = as - 2(n1(2)(%)) for some unit az. As the pairing
of §,, with any coroot vanishes, (d,, u(a)(s)) depends only on the image of p(a)(s) in 71 (GLy,). Thus

det(asiq)s = as - 20 p(a)(s)) — as - H0nop)y — as- 2N,
Together with det(as:q) € (2 — ()N Og[[z]] this implies
det(asi) =a-(z —ON for some a € Og|[z]]*

and multiplication with det(csiq), i-e. as, 0, is indeed surjective.
Now observe that Vgr, (0,,) is one-dimensional which implies Vo, (—d,) = Var, (6,)Y. Thus we can
identify G5, = Gy and a5, = (ozgnl)v. Thus by dualizing «s,,, a—s, restricts to an isomorphisms

i\

(z—ONGs, =G 5,
which gives after multiplying with (z — ¢)=%
a5,(G-5,) C (2= NG,
as desired. 0

Remark 2.3.2. A very similar result is shown in [HV1Il lemma 4.3]. There condition 2.” is re-
placed by the statement that A"« gq restricts to an isomorphism between suitable Og[[z]]-submodules.
Nevertheless with view towards lemma [2.3.9] the version stated above will be easier to apply.

Proposition 2.3.3. Let o : LG — LG’ be a morphism between LG L, -torsors as in the previous lemma.
Assume o is bounded by a dominant coweight . Then its inverse o' : LG — LG is bounded by

(—#)dom-

Proof. We will use the alternative description shown in the previous lemma. As both conditions are local
on S we may assume again that G,G’ = LTGL, xS and o € LGL,(S). As the Kottwitz homomorphism
GL, — 71 (GL,) is a group morphism we get [u(a™1)](s) = —[u(a)](s) for every point s € S. Thus

[u(a™H)](s) = =[n(@)](s) = ~[p] = [(—1)dom] € T1(GLy)

Thus the second condition is satisfied.

If o= (g1, ..., ptn), then (—p)gom = (—fin, ..., —p1). Condition 1.” for a=! and the coweight (—)dqom
can be rephrased in saying that for every ¢ € {1,...,n} the determinant of every i x i-minor of the
matrix o~ ! is contained in (z — ¢)"*i "M Og|[2]]. Thus let I,J C {1,...,n} be two subsets with i
elements and let ail, be the minor of o' which contains the rows in I and the columns in J. Denote the
(n—1) x (n—14)-minor of & containing the rows in I¢ = {1,...,n}\ I and the columns J¢ = {1,...,n}\J
by aye je. Then one has the formula

det(a;},) = +det(aye se) - det(a™)
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which is sometimes called the identity of Jacobi. But by condition 1.” for o we know det(aye je) €
(z — Q)Hit1tFhn Og[[2]]. Furthermore det(a) € (z — ()M TTreOg[[2]] \ (z — ()T 1 O4[[2]]
using the same argument involving the Hodge point as in the previous lemma. Thus det(a™!) €
(z = ¢)"#r—~HnOg[[2]], which finally gives the desired

det(ag ;) = £det(aze,ge) det(a™) € (2= (2= ()T T T Og[2]] = (2= ()T T T Os 2]
Thus 1.” holds for ™! and (—u)dom- O

Remark 2.3.4. A similar argument already appears in [Harlll lemma 2.1.6] although in the context
of local shtukas (in the sense of [Har1ll, definition 2.1.1] or [HVTI] definition 4.1]) over formal schemes.

We now want to extend this proposition to all groups G, which split over E. In particular all Weyl
module representations are already defined over E. To do so we need several auxiliary lemmas. Most
of the following arguments work as well in the non-split case after possibly enlarging the field in order
to define the representations. Nevertheless as the non-split case follows quite easily from the split case
later on, it is more convenient not to present them in the general setting.

Lemma 2.3.5. Let G be any reductive group over F,, which splits over E. Assume that0 — V' -V —
V" — 0 is a short exact sequence of finite-dimensional E-representations of G. Let N be an integer and
let o : LG — LG be a morphism between LG-torsors associated to some LtG-torsors G, G'. Then the
following are equivalent:

a) av(G x" CV) C (z = Q)N(G xM V)

b) oy (G wLta V) C(z— C)N(g/ «Lta V) and  ay#(G wLta V") C (2 — C)N(g/ «Lta %0
where we denote by avy (and similarly for ay: and ay ) the morphism induced by «.

Proof. First Eote that the functor mapping finite-dimensional E’-representations V' of G to the vector
bundle G xL" ¢ V is exact, because over an étale cover it simply takes V to V ®g Og[[z]]. Thus the
given short exact sequence of representations of G induces a commutative diagram with exact rows

0 s gXL+GV/ gXL+GV 5 gXL+GV// 0

\LOLV/ \Lav iavu

0— > LG xLCV s pg xLGy 5 r£g LG y" 0
But N . )
05 (2= V(@ xE V) o5 (2 — NG xFEV) 5 (2 = V(G xFE V) 0

is a short exact sequence of subsheaves of the sheaves in the lower row. Thus ay (G xLra V) lies in
(z = O)N(G’ xE"G V) if and only if the analogous statements holds for ay and oy O

Lemma 2.3.6. Assume that G splits over E. Let o : LG — LG’ be a morphism of LG-torsors over some
E-scheme S (associated as usual to some LTG-torsors) which is bounded by . Fiz some A € X*(T)dom
which then gives a representation Vg(A\) over E. Let 1 < i < dimVg(\) and let V = \'Vg(A\) with G
acting on every factor. Finally set N = minSi{ZneSi (n, u)} where S; runs over all subsets of cardinality
i of the set of weights occurring in Vg(\) (taken with multiplicities). Then

av(GxE V) C (2 - NG xFC V)

Remark 2.3.7. The weights > n are exactly the weights occurring in the representation V. Thus

nes;
N =min{(nv, u)}
nv

taking the minimum over all weights ny of V. On the other hand, the set of weights is invariant under
the action of the longest element wy of the Weyl group. Thus we may also write:

N =min {3 won )} =min {7 (=naom. ) } = min {~((=1v)aom 1)}

Si

Instead of taking all weights iy in the rightmost expression it suffices to consider only highest weights
of V.
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Proof. As B is a Borel, every E-representation of G admitting a basis of T-eigenvectors has a B-stable
line. In particular it contains a quotient of a Weyl module as a subrepresentation, whose highest weight
equals some weight appearing in the original representation. Thus every finite-dimensional such E-
representation of G admits a finite filtration with quotients of Weyl modules as composition factors.
Let 0 =Wy C Wy C ... C W,, =V be such a filtration for V.= A" Vg(\). We will prove by induction
that

aw, (G xTC W) C (2= ON(G < W)

for all j. Note first that this is trivial for j = 0 and gives the statement of the lemma for j = n. Assume
now it holds for W,_; for some j > 1 and consider the short exact sequence

0—)Wj,1—>Wj—>Wj/Wj,1—>O (*)

By induction we have
+ +
aijl(g XL GWj,1> - (Z—C)N(g/ XL GWJ‘,1).

On the other hand we have by choice of the filtration a short exact sequence
0— Vé(??v) — Vg(nv) — Wj/Wj,1 —0

for some weight 1y of V' (depending on j) and some subrepresentation V4 (nyv) C Vg(ny). Therefore by
the boundedness of o and the previous lemma

aw, jw, 1 (G x¥ C W /W;_1) C (2 — ()~ (W Iaomad (G 5 LG Wy /W,y
(z— ON(G xE"E Wy /W;_y).

N

Thus we may apply again the previous lemma, but now for the short exact sequence (x) and using the
converse implication, which gives

aw, (G X" CW;) C (2= ON(G <P W),
[

Lemma 2.3.8. Assume that G splits over E. Let A € X*(T)gom and p € X.(T)dom- Then there exists
a basis (v1,...,v,) of the Weyl module V() (over E) such that the following properties are satisfied:
i) v; is a T-eigenvector of some weight \; € X*(T) for all 1 <i < n.

ii) vy has weight X and vy, has weight —(—\)dom-

i11) the vector space spanned by vi,va,...,v; is B-stable for all 1 <i <n.

i) (Aiyu) > (N1, ) foralll1 <i<n-—1.

Proof. Define v; inductively for 1 < ¢ < n as follows: Let B; be the set of all T-eigenvectors not contained
in the span of vq,...,v;—1. Note that B; is non-empty because Vg (\) admits a basis of T-eigenvectors.
Let B} C B; be the subset of eigenvectors whose weights are maximal with respect to the Bruhat order
among all weights occurring as a weight of a vector in B;. Finally choose v; € B} of a weight \; such
that (A, p) is maximal among all vectors in B;.

We will check that this basis fulfills conditions i) to iv). Condition i) is trivial. Condition ii) follows
from the fact that every weight X' of Vig(\) satisfies —(—A)gom =< A = A and both extremal weights
occur. As the vector space in iii) is obviously T-stable it suffices to check that it is stable under each
root subgroup U, for a a simple root. But for any T-eigenvector v; of weight A; and every element
u € U, (?q) the element u - v; — v; is a T-eigenvector of weight A\; + a = A;. Thus by our maximality
assumption defining B; we have u - v; C (vy,..., U1>Fq~ Hence this subspace is B-stable. For property
iv) note that by choice of v; we have (\;, u) > (N, u) for any weight X’ of a vector v’ € Bj. If v" € B; is
any vector of weight A\ then there is by definition of B} a vector v' € B} of weight X" with X" = A\". As
w1 as assumed to be dominant we get

Ny ) > (N ) > (N, )

In particular this holds for v" = v;11 giving the desired inequality. O
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Lemma 2.3.9. Assume that G splits over E and let p € X.(T)aom be a dominant coweight. Let
A € X*(T)aom, Va(N) the Weyl module of G (over E) of highest weight A and consider the associated
representation p : G — GL := GL(Vg(X\)) over E.

Let as above G and G' be Lt G-torsors over some E-scheme S and o : LG — LG a morphism between the
associated LG-torsors. Let Gar, = G ><L+GL+GL, Gop =6’ <L'G L+GL and let p(a) : LGer — LGg,
be the morphism induced by a (cf. construction .

Choose now any basis (v1,...,v,) (n = dim Vg(X)) of Va(XA) satisfying the properties of lemma .
Let Bgr, C GL be the Borel stabilizing the flag Evy C Evy @ Eva C ... C Vg(A) and let T, C Ber be
the mazimal torus stabilizing every line Ev; for 1 <i<mn. The element p1 € X..(T)dom then induces by
composition with T — Tgr, a dominant element puer, € X«(TaL)dom-

a) If a is bounded by p then p(«) is bounded by pay .

b) If p(«) is bounded by pcr, then a fulfills condition 1. of definition a) for the dominant weight A
and the dominant coweight L.

Proof. a) We will check the conditions given in lemma [2.3.1
Consider first condition 1.”. Then for any scheme S’ — S we have for the presheaves defined in
construction and
Garsia(S') = (Gar(S') x (Std @p Os([2]])(S")) /LTGL(S")
((6(5") % L¥GL.(8) /L*G(S") x (Std @p Os[[2])(S") ) /LT GL(S)
= (G(8") x (Std®p Os|[[2]])(S")) /LTG(S")
= (G(8") x (Va(\) ®E Os([2]))(8")) /LTG(S)
=Ga(5")

1%

In particular we get an isomorphism of sheaves of Ogl[[z]]-modules Gor5:¢ = Gx. Thus condition 1.’
rewrites as

p(a)s, = Np(@)sta = Aoy /\Z Gr — /\Z G\ ®og12)) Os((2))

having image contained in (z — ¢)~{(=91)aom.pcr) /\i G) forall 1 <i <mn. Here ¢; = (1,...,1,0,...,0)
with 7 entries equal to 1. But by lemma [2.3.6] we already know that

Ay </\Z gx) C(z—¢ /\ g\

for N = minsi{<z:ne s, M, 1)} taking the minimum over all subsets S; of cardinality i on the weights of
Ve (XA). Hence we are left to show N = —((—9;)dom, HGL)-
Ife; =(0,...,0,1,0,...,0) € X*(T¢r) is the weight with a single entry 1 at the jth coordinate, then

we have for 1 < j <n
<A]7u)v = pu(2)vj = par(2)v; = Z(sj,ucL)Uj
where we denote the weight of v; by A\; € X*(T'). Thus (\;, u) = (g, pcr) for every j and we get

n n

_<(_5i)d0m)uGL>: Z <5j7NGL>: Z <)‘j’M>

j=n—i+l j=n—itl
By property iv) of lemma we know that

n

doem <Y

j=n—i+l neS;

for any S; (and equality indeed occurs for some S;). Thus

n

—((=0¢)dom, par) = Z (Aj, my = Hgn{znes (n, M>} =N

j=n—it1 ‘

14



Let us now check the condition on Hodge points, which holds for any choice of Tz, and Bgy, containing
the image of T respectively B. Consider any geometric point s : Speck — S with image s where k
is an algebraically closed field. As the definition of the Hodge point is independent of the choice of
trivializations we may assume 5*G = 5*G’ = LG x Speck and 5%« is given by an element a;, € LG(k).
Then functoriality of the Kottwitz homomorphism induces the commutative diagram:

LG(k) —L—~ LGL(k)

| |
m1(G)g/T ——m(GL)g/T

Hence [p()](s) = [p] € m1(G)g/T implies the desired [p(p(e))](s) = [par] € m1(GL)g/T = m1(GL)g.
b) By choice of p we have ay = p(«a)s,. Thus

O‘A(QA) c (Z — C)f«f‘sl)dom’#GL)g;\

with
_<(_61)dom>/~"GL> = <)‘nwu> = _<(_)‘)dom7/~L>
using property ii) of lemma and the computation done in part a). O

Proposition 2.3.10. Let G be a connected reductive group over Fy which splits over E. Let G and G’
be two Lt G-torsors over a DM-stack S over E and o : LG — LG be a morphism between associated
LG-torsors. If a is bounded by a dominant coweight 1, then its inverse a=' : LG — LG is bounded by

(_ﬂ)dom-

Proof. Let A be any dominant weight and consider the representation p : G xp, Spec B — GL =
GL(Vg (X)) acting on the Weyl module of G (over E’) of highest weight A. By the previous proposition
p(a) is then bounded by pgr. Applying propositionit follows that p(a)~! = p(a™!) is bounded by
(=L )dom- Unfortunately lemma ) cannot be applied directly, because in general (unless further
conditions on the v; are imposed) (—ugr)dom does not equal ((—p)dom)gr- However the only property
used in its proof is ((—A)dom, (—)dom) = {(—91)dom, (—HGL)dom)- But this simply follows from

((=A)dom; (=) dom) = (A, 1) = (A1, 1) = (€1, pcr) = (01, pcr) = ((—01)dom; (—1GL)dom)-

Hence indeed
a1 (G) C (2 — €)= (N domy (=laom) G |

and condition 1. of definition 2.2.9is satisfied.
The argument for condition 2. is exactly the same as in the case of GL,, (c.f. proposition [2.3.3). O

Proposition 2.3.11. Let G be any connected reductive group over Fy. Let again G and G’ be two L+ G-
torsors over a DM-stack S over E and o : LG — LG’ be a morphism between associated LG-torsors. If
a is bounded by an element p € X.(T)dom defined over E, then its inverse a~ v LG — LG is bounded
by (_M)dom-

In particular any quasi-isogeny o : (G, p) — (G',¢") of local G-shtukas which is bounded by p has an
inverse which is bounded by (—p)dom -

Proof. Choose any finite field extension E’/E such that G splits over E’. As the assertion can be checked
étale locally by i)7 we may replace S by S x g Spec E’'. Moreover by ) we may replace I'g
by the absolute Galois group of E’ in condition 1. But then we can apply proposition over the
ground field E’. O

2.4 Further properties

This section establishes several properties of bounded quasi-isogenies needed in the proofs of the repre-
sentability results in the next sections. Contrary to the previous section, we start encountering argu-
ments requiring local G-shtukas and not only L+ G-torsors. Throughout this section G is any reductive
group without any splitting hypothesis.
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Lemma 2.4.1. Let a: (G,p) = (G',¢') and &' : (G',¢") = (G, ¢") be quasi-isogenies between local
G-shtukas over a DM-stack S over E which are bounded by p respectively .

a) The Frobenius-pullback o*a : (6*G,0*¢) — (0*G',0*¢") is bounded by o* 11 € X.(T)dom-

b) The composite o' o a is bounded by p+ p' € X(T)dom-

Proof. a) By definition of the Hodge point we have [u(c*(a))] = o*[u(a)]. To check 1. we proceed as in
remark We have o*(ax(Gy)) = 0*ax(0*Gy) = (0% Q) ge-15(0%Gpe-15) and (o* 1A\, pu) = (N, 0" p).
Thus pulling back the inclusions in 1. for a, g and some A along o*, gives precisely the corresponding
condition 1. for o*a, o*u and o~!\. Thus we are done by varying \.

b) Condition I. is immediate from the definition and 2. can be checked on geometric points and after
trivializations and thus follows from the fact, that the Kottwitz homomorphism L*G(F,) — m1(G) is a
group morphism. (]

Definition 2.4.2. Let § = lim Sy, be an admissible formal DM-stack over E[(]] such that ¢ is locally
nilpotent.

a) A formal local G-shtuka over S is a tuple (G, @) = lig(gm, ©m) of local G-shtukas (G, pm) over the
DM-stack S, together with isomorphisms between (Gp,, om) and the pullback of (Gm+1, Pm+1) 0 Sm
for every m.

b) A quasi-isogeny between formal local G-shtukas over S is a tuple o = lim oy, : (G, ) = @(gm, ©m) —
(G, ¢") = hg(gjn, ©r) of quasi-isogenies auy, 2 (G, ©m) — (Ghys i), such that the pullback of a1 to
Sy equals oy, for every m.

¢) A quasi-isogeny o« between formal local G-shtukas over S is bounded by p if every oy, is bounded by
w. A formal local G-shtuka (G, ) over S is bounded by u if every local G-shtuka (Gpm, ©m) is bounded

by w.

Remark 2.4.3. We will hardly make use of formal local G-shtukas, but they are needed for one
argument in the proof of theorem [2.5.4]

Proposition 2.4.4. (Rigidity of quasi-isogenies) cf. [HV11, proposition 3.9] Let (G, ) and (G, ¢')
be two local G-shtukas over S € Nilpgye). Let v : S — S be a closed immersion defined by a sheaf of
ideals T which is locally nilpotent. Then there is a bijection (of sets)

L QISOQS((gv (»0)7 (gl7 (»0/)) - QISO%(L*(Q7 90)7 L*(gl7 (»0/)) a— o

Let S now be quasi-compact and (G, ) and (G',¢") bounded local G-shtukas. If a quasi-isogeny of the
left-hand side is bounded by T, then the corresponding quasi-isogeny « on the left-hand side is bounded
by some p, too. This p can be chosen to depend only on Ti, v and the bounds for the two local G-shtukas,
but not on the actual local G-shtukas or the quasi-isogeny c.

The same holds for formal local G-shtukas over admissible formal DM-stacks S.

Proof. The construction of the map between the sets of quasi-isogenies can be found in [HVIIl proof
of proposition 3.9]. There a slightly weaker statement about the behavior of bounds is shown as well.
Their arguments may be strengthened as follows:

Assume that (G, ¢) is bounded by po and (G, ¢') is bounded by py,. Let now a € QIsogs((G, ¢), (G',¢"))
be a quasi-isogeny such that (*« is bounded by . As S is quasi-compact there is some n > 0 with
77" = 0. Now consider the commutative diagram of isomorphisms

LG ——— LG

n—1 n—1x* _/

o *gao,,.oa*gaogai \La p'o...o0*p oy’
o™ * o ,
o LG L% o LG

As explained in [HV1I] the ¢"-Frobenius on S factors over S. Thus ¢"*« is the pullback of t*ar via
some morphism j : S — S and is thus bounded by . Then [2.3.11| and imply that

n—1x% _/

oo oofpop)tod" a0 (o P o...oc% o)

a=(c

is bounded by = Y"1 0" * (—p10) dom + 7 + Z;ZOI ot pl.
Consider now the case of formal DM-stacks. Let S = ligSm. Then we have correspondingly
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S = lim S,,, where S,, C S,, is defined by the nilpotent sheaf of ideals Z on S. Let @ = Hglam e
QIsogg(t*(G,¢),*(G',¢")). Then we may lift each @y, to a quasi-isogeny o, over Sy,. By uniqueness
of this lift, the «,, are compatible and define indeed a quasi-isogeny between formal local G-shtukas
over S.

To get the boundedness assertion, assume again that the formal local G-shtukas (G, ) resp. (G, ¢’)
are bounded by pg resp. pg. If a = liﬂam € QIsogs((G, ), (G',¢")) is a quasi-isogeny such that (*« is
bounded by 7z, we have just shown that every a,, is bounded by u = Z;:Ol ot* (f,uo)dom+ﬁ+22:01 ot il
(where n is a fixed integer with Z¢" = 0), which is independent of m. Hence « is indeed bounded. [

Remark 2.4.5. a) It is in general not true that any quasi-isogeny over S which is bounded by p lifts
to a quasi-isogeny that is again bounded by u. Take for1 example G = GLs, the closed immersion
i:S = SpecF, — S = SpecF,[¢]/(¢?), b, = ( (1) ¢z 1 ) for some n > 0, (G,¢) = (LTGLy,0%),
(G, ¢") = (LT™GLa,b,0*(by) 1o*) and o = b,, € LGLy. Then i*a = id is bounded by p = (0,0), but «
itself is only bounded by p/ = (n, —n).

b) The assumption that (G, ¢) and (G’, ¢’) are bounded is necessary. To see this take for (G, ¢) any local
G-shtuka over a scheme S, which is not bounded by any dominant coweight but restricts to a bounded
local G-shtuka over the reduced subscheme S,..q. An example for this can be found in [HV11l example
3.12]. Let (G',¢’) be a bounded local G-shtuka over S and « any quasi-isogeny between them. Then «
cannot be bounded by any dominant coweight, because otherwise exactly three of the quasi-isogenies in
the commutative square ¢’ o 0*a = a0 ¢ are bounded, contradicting and But the pullback
of a to Syeq is automatically bounded by )

Proposition 2.4.6. c¢f. [HVI1I, lemma 3.10] Let a: (G, ) — (G, ¢') be a quasi-isogeny between local
G-shtukas over a DM-stack S over E and let i C X, (T)aom be a cocharacter that can be defined over
E. Then the condition that o is bounded by p is representable by a closed immersion into S, which is
locally finitely presented.

In particular under the assumption that S is reduced, o is bounded by u if and only if this holds for the
pullback to every generic point of S.

Proof. Let E'/E be some finite field extension, such that G splits over E’ or equivalently such that each
weight A can be defined over E’. We will first show that the p-bounded locus is representable after
base-change to E’. The argument for this is essentially the same as in [HV1I]:

As the Hodge point of « is locally constant, condition 2. is trivially representable by a finitely presented
closed immersion into S X g Spec E’. So assume wlog. condition 2. holds on all of S x g Spec E’. Fix a
finite set of weights A which generate the monoid of dominant weights and note that it suffices by
to check condition 1. only for the weights in A. As condition 1. is local we may assume S X g Spec E’ is
an affine scheme isomorphic to Spec R for some E’-algebra R and that the R[[z]]-modules Gy and G} are
free for every dominant weight A € A (and indeed exist over R by our choice of E’). As Spec R is quasi-
compact we may choose for every A € A an Ny > 0 such that a(Gy) C (z — )" G}. So « is bounded
by w if and only if vy maps all generators of Gy to zero in My = (z — )~V G} /(2 — )~ ((FNaom:m) g1 |
Since M = @, M, is a free R-module of finite rank, this condition (for all A € A) is represented by
a finitely presented closed immersion.

Thus we get a closed immersion Z’ C S x g Spec E’ representing the locus of u-boundedness over E'. We
have to see, that it descends to E, i.e. that Z’ is invariant under Gal(E'/E). Fix some 7 € Gal(E'/E)
and consider the induced isomorphism 7 : S x g Spec B/ — S xg Spec E’ over E. Then as in remark
we see that |z fulfilling condition 1. for some A € X*(T")gom implies that a| -1z = 7|z
fulfills condition 7. for 771X\ € X*(T)qom. As condition 2. is obviously Gal(E’/E)-invariant, we get
that c|,-1(z/ is again bounded by p, i.e. 771(Z") = Z’. Thus Z’ is Gal(E’/E)-invariant as desired and
descends to a closed immersion into S. (]

Remark 2.4.7. The same result is obviously true if one replaces the local G-shtukas by L+ G-torsors
and «a by any morphism between associated LG-torsors.

Definition 2.4.8. Recall the Bruhat order < on X.(T)q,dom: For two dominant cocharacters p, p' €
X.(T)q the relation p' = w holds if p—u' is a non-negative rational linear combination of simple coroots.
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Lemma 2.4.9. c¢f. [HVI], lemma 3.11 and 3.13] a) Let k be an algebraically closed field and o a
quasi-isogeny between local G-shtukas over Speck € Nilpgyc). Then a is bounded by p if and only if
its Hodge point p(a)(Speck) € Xu(T)dom satisfies p(a)(Speck) = p.

b) Let S be quasi-compact and connected and let o be a morphism between local G-shtukas over S. If
either

o G is split semi-simple or
o S reduced and the (constant) image of [(c)] in m1(G)g/T is an 1-element orbit,
then « is bounded by a T-invariant element p € X.(T)dom-

Proof. The proofs are very similar to the ones in [HV11]. As in [HVII] lemma 3.11] one can see that
over a geometric point boundedness by w is equivalent to (A, pn— u(a)(Speck)) > 0 for all A € X*(T)dom
and [u(a)(Speck)] = [u] € m1(G)g. But this is equivalent to u(a)(Speck) =< p. The proof of part b)
given in [HVII] uses only the existence of some I'-invariant p with [pu()] = [p] € m1(G)g/T and the
fact that for any o and any A there is some N > 0 such that the image of the LT G-torsor under ), is
contained in the subsheaf defined by multiplication with (z — ¢)~%. O

Remark 2.4.10. i) In [HVIIl lemma 3.11] a slightly different partial order is used: There p' < p if
i — i/ is a non-negative integral linear combination of simple coroots. The change made in the partial
order precisely reflects the weakening of condition 2. by allowing differences in the torsion part of
7T1(G).

ii) As we require p to be I'-invariant, there might be no such p satisfying the assertion in part a).
Similarly if in part b) [p(a)] is not an l-element orbit in 71 (G)g under the I'-action, then we cannot
hope to bound « by any u (at least for this ground field F).

2.5 Rapoport-Zink spaces for local G-shtukas

We construct a formal scheme classifying pairs consisting of a bounded local G-shtuka and a quasi-
isogeny between it and some fixed local G-shtuka. These spaces are the analog of Rapoport-Zink spaces
for p-divisible groups as introduced in [RZ96]. As most of the results below follow rather formally from
the results of the previous section, we will mostly refer for proofs to [HVTI].

We continue in the use of the notations in the previous sections. Let Gr = LG/L*G xr, Spec E be the
affine Grassmannian (base-changed to the ground field E). It exists as an ind-scheme over E of ind-finite

type, as shown e.g. in [Fal03| after corollary 3]. Let Gr be the completion of Gr x g Spec FE|[[(]] along

the special fiber defined by (. Equivalently Gr is the fiber product Gr x g Spf F[[(]] in the category of
ind-schemes.
Fix now an element by € LG(F), which gives a local G-shtuka (LG, byo*) over E.

Theorem 2.5.1. [HV11|, theorem 6.2] The ind-scheme Gr pro-represents the functor

NilpE[[C” — Sets
s o {Goa

(G, ¢) a local G-shtuka over S,
a:(G,0) = (LTG,byo*) a quasi-isogeny over S

Here two triples ((G, ), a) and ((G',¢),a’) are isomorphic, if o=t oa’ comes from an isomorphism of
L*G-torsors G — G over S.

Proof. The proof is exactly the same as in [HV11]. O

Remark 2.5.2. Note that by proposition the quasi-isogeny « is uniquely determined by its re-
striction to S xsp¢ priepjSpec E[[¢]]/(¢). Hence the functor above indeed coincides with the one considered
in [FIVII.

Definition 2.5.3. A local G-shtuka (Lt G, ) with trivial LT G-torsor over an E-scheme S is called
decent if there exists an integer s > 1 and a cocharacter i € X,.(T') such that

(pOO'*gDO...OO'*(s_l)(p:Zﬁ'O'*S
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Theorem 2.5.4. ¢f. [HVI, theorem 6.3] Let (L*G,boc*) be a decent local G-shtuka over Spec E.
Then the functor

Mbjoﬂi NilpE[[C]] — Sets
s = {@oa

G, ) a local G-shtuka over S bounded by p,
a:(G,p)g = (LTGEg,byo*)g a quasi-isogeny

is representable by a closed immersion into Gr. It is a (non-C-adic) formal scheme over Spf E[[¢]],
whose underlying reduced subscheme is locally of finite type.

Proof. Consider first the case of split groups: The proof given in [HV1I] applies to all definitions of
bounds, for which the statements - hold.

Nevertheless its proof uses at one step [HV11l proposition 3.16] (respectively [AHI4al lemma 4.18]).
Unfortunately we were not able to understand the descent argument in the proof of this proposition (cf.
the more detailed discussion in remark )) Therefore let us present a slightly modified argument
here, that the functor M,, is representable. Please refer to [HV1I] proof of theorem 6.3, first claim] for
definitions of all the objects used here.

Let M™ be the formal completion of M™ along (M,)red. Any open affine subset U C (My)req
defines formal affine subschemes Spf R,,, C M*. Let R = lim R,, and J the inverse image in R of
the largest ideal of definition of R,. Then R is a J-adic ring and we fix some integer ¢ > 0. To
show that M, is a formal scheme, it suffices to show that there is an integer mg such that for all
m > mg the natural map R,,/J°R,, — Ru,/J Rm, is an isomorphism. To do so let (G, pm) be
the universal local G-shtuka over Spec R,,,/J°R,, and (G, ) = li_r>n(gm7 ©m) the formal local G-shtuka
over Spf R/J¢ = ligSpec R,,/J°R,,. By rigidity for quasi-isogenies between formal local G-shtukas
we may lift the universal quasi-isogeny « from Spf R/J = Spf R,,/JR,, to Spf R/J¢. By assumption
pxc and p.a~! are bounded by 2ng¥ (as quasi-isogenies between formal local G-shtukas) over Spf R/J.
As lifting commutes with applying the functor p. the boundedness assertion in for formal local
G-shtukas implies, that p,a and p.a~! are bounded by some dominant coweight over Spf R/J¢, hence
also by 2mgg" for some mg > n. Hence by the universal property of M™0 there is a unique map
Spf R/J¢ — Spf R,,,, inducing the given point ((G, ¢), ). This gives the desired isomorphism.
Consider now the case of arbitrary connected reductive groups. As in the split case the only non-trivial
part is to show that /\/lbjo” exists as a formal scheme (and not only as a formal ind-scheme). This may
be checked after passing to a finite field extension. But then we are again in the split case and may use
the arguments above. U

Remark 2.5.5. i) The decency condition can essentially be removed: Let (LTG,bo*) be any local
G-shtuka over Spec E. Again it is clear that ./\/ll;j” exists as a closed immersion into Gr. All other
assertions can be checked after passing to some sufficiently large field extension such that G is split and
there exists some quasi-isogeny ag : (LTG,bo*) — (LTG,byo*) to some decent local G-shtuka defined
over Spec E. As G splits, this aqp is bounded by some pp € X4 (T)dom- Then composition with g gives
an immersion

2p <ptpo
Mgt = My

Its image is exactly the subspace where the universal quasi-isogeny over /\/lbjo“ﬂ‘o is bounded by p after
composition with ag 1 In particular it is given by a closed subscheme locally of finite presentation.
Hence X (jﬁigl?,boa*) being locally formally of finite type implies the same result for X (jg’;).
ii) In accordance with the usual notation for Rapoport-Zink spaces of p-divisible groups (i.e. in the
case of mixed characteristic), we usually refer to the formal scheme representing the functor above
as /\/lbﬁol‘ instead of X (jLi Gopoo-)- 1t reduced fiber will be denoted by M;O#. It equals closed affine
Deligne-Lusztig varieties using the same arguments as in [HV11l, theorem 6.3].

Corollary 2.5.6. Each irreducible component of Ml;—f)” is proper and of finite type. In particular Mbjo“
satisfies the valuation criterion for properness.

Proof. In the case of split groups, this was shown in [HV11] corollary 6.5] that they are projective and
of finite type. Thus even in the non-split case, this holds after passing to a finite field extension, giving
the desired result. (]
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Let us finally remark, that the construction of the formal deformation space of a local G-shtuka
given in [HVTIL theorem 5.6] works as well in the case of non-split reductive groups G in the very same
way.

2.6 The Tate functor for étale local G-shtukas

We construct the (dual) Tate functor for étale local G-shtukas, i.e. an equivalence of categories between
étale local G-shtukas over S (cf. definition )) and morphisms 7 (5,5) — Aut(L*TG), where LTG
denotes a trivial L*TG(F,)-torsor and 71 (S,s) the étale fundamental group. This will play an important
role in defining level structures of global G-shtukas (cf. section .

Let us briefly sketch the idea behind this correspondence: An étale local G-shtuka (G, ¢) admits over
the universal cover S an isomorphism to (Gg,0*), where Gz is a trivial LT G-torsor. The descent
data is given by a (S, 3)-action on the torsor Gz, which has to be compatible with the Frobenius-
isomorphism. Hence it preserves the set of o-invariant elements, which is a trivial torsor under the
finite group LTG(F,). This allows us to encode the action of v € 71(S,) by its induced isomorphism
Isom(gg* Iz, Qg*\ )) = L*YG(F,) (where 5 € S is a fixed point over 5). Therefore we get the desired
functor as

v
(G,9) = (m(5,%) = LTG(F,) = Aut(@”"J5))

The inverse is just given by descending a trivial L*G-torsor together with the trivial Frobenius-
isomorphism via the given (S, s)-action.

We stress the point, that almost every result in this section is already contained in [AHT4a] after rephras-
ing the morphism 71(S,5) — Aut(L*G) as a tensor functor from the category of G-representations to
the category of w1 (S, 5)-representations on finite free F[[z]]-modules. Nevertheless the slightly different
point of view presented here, hopefully helps in gaining a deeper understanding of these constructions.

Fix a DM-stack S over E which is (for simplicity) connected. Furthermore fix a closed point s € S, a
geometric point § with image s (and residue field isomorphic an algebraic closure of the residue field
of 5) and a (geometric) point 5 in the universal cover S of § lying over 5. We denote the category of
étale local G-shtukas by EtShtg(S). Note at this point that the definition of the étale fundamental
group given in [SGAI] can be extended to DM-stacks. For more details (and the occurring subtleties)
see [Z0002]. Let us start by defining some more categories:

Definition 2.6.1. For every n > 0 let EtShtg(S)[n] be the category of pairs consisting of a LTG /K, -
torsor G[n] over S and a o-linear automorphism @[n] : c*Gn] — Gln| of this torsor. Then there is a
canonical functor

—[n]: EtShtg(S) — EtShta(S)[n]
G.9) = (Gl gln)) = (G xE ¢ LTG/K,, ¢ x id)
= (G @os(2) Osl2]]/(z"11), ¢ mod 2"H1)

Definition 2.6.2. a) A set-theoretic torsor for some abstract group Gy is a set Go together with a
simply transitive action by Go. If T' is any scheme, then Go,. denotes the trivial Go-torsor on the étale
site of T' given by Go.(T") = Go for any T" — T étale.

b) For every n > 0 denote by Rep(m(S), LTG/K,(F,)) the category of representations p[n] : m1(S,5) —
Aut(LTG/K,) where LT G/K, is a set-theoretic torsor under the finite group LYG/K, (F,). A mor-
phism a : p[n]y — p[nla in Rep(m1(S), LTG/K,(Fy)) is given by an isomorphism between the trivial
set-theoretic LT G /K, (F,)-torsors conjugating p[n]y into p[n]s.

Then define the limit category

Rep(m(S), L+G(Fq)) = hénRep(ﬂ—l(S)’ L+G/KH(FQ))’

i.e. the category of continuous representations p : m1(S,5) — Aut(LTG) where LTG is a set-theoretic
torsor under the pro-finite group L*G(F,).

Remark 2.6.3. We will use L*G/K,,(F,) both for the abstract group of F,-valued points of L*G /K,
and for the finite group scheme (over base scheme S) representing the sheaf of groups given by the
constant sheaf with value the abstract group LTG/K,, (F,).
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Before we are able to define functors between these categories we need two preparatory lemmas.
These statements will be generalized later on by the construction of Igusa varieties.

Lemma 2.6.4. Let p € LTG/K,(S) be any S-valued point (for some n > 0). Then there is a finite
étale cover S' — S such that there is an element g € LTG/K,(S") satisfying g tpo(g) = 1 inside
L*G/K,(S").

Proof. The quotient L*G/K,, is a linear algebraic group. Hence Lang’s morphism L : LTG/K, —
LTG/K,, L(g) = go(g)~"! is surjective and a finite étale cover. Thus consider the cartesian diagram

s> LTG/K,

|,k

S— > LtG/K,

which defines a finite étale cover S’ — S and an element g € LTG/K,,(S") with ¢ = go(g)~! as desired.
O

Lemma 2.6.5. Let (G, ) be an étale local G-shtuka over S. Then for every n > 0 the p-invariants
G[n]? define an étale Lt G/K,,(Fy)-torsor over S. Furthermore there is a canonical isomorphism of
L*G/K,-torsors

Gln)# x 2 G/ ) [+ G /K, = Gln).

Under this isomorphism ¢ acts on the left-hand side as o™ X idp+q /K, -

Proof. Obviously the L*G-action defines a LTG/K,,(F,)-action on the étale sheaf G[n]?. We have to
see that it admits a trivialization over an étale cover. For this consider any connected U C S such
that G trivializes over a finite étale cover U’ — U. Then ¢ may be represented by an element in
L*TG(U’) and by the previous lemma there is a finite étale cover U/ — U’ admitting an isomorphism
(G[n], pln))v: = (LTG/Ky,0%)y;. But the o*-invariants of the trivial torsor give exactly the trivial
LTG/K,(F,)-torsor.

In particular this shows that the canonical morphism G[n]® xZ' G/Kn(Fa) [+G /K, — G[n] is an isomor-
phism after pulling back to U/,. Hence it is an isomorphism already over S. The restriction of ¢ to G[n]?
acts by definition simply as o*. But by LTG/K,-equivariance, any isomorphism o*G[n]® x =" G/Kn(Fa)
LTG/K, — Gn]? xL"C/Ka(Fa) [+G /K, is uniquely determined by its action on G[n]? and the last
assertion follows. O

Proposition 2.6.6. Let (G, @) be an étale local G-shtuka over S. Then for every n > 0, the functor on
the étale (or fppf, fpqc) site of S

S Isom(G[n]? xg 8", LTG/K,(F,) xg, )

is representable by a finite étale cover S, — S. Over S, the universal isomorphism induces a trivializa-
tion (G[nl],¢)s, & (LTG/K,,0%)s,. Furthermore (G, ) trivializes canonically over the pro-finite étale
cover @n Sh.

Proof. As LTG/K,(F,) is a finite group scheme, the functor defined in the corollary is representable
by a scheme S,, — S. By the previous lemma and its proof, S,, — S is surjective and locally on S, it
is a L*G/K, (Fy)-torsor. Thus S, — S is a finite étale cover with étale group L*G/K,, (F,). Then the
trivialization of G[n]? by the universal isomorphism together with the last assertions of the previous
lemma, yields

(Gl pln]) = (Gn]# x 27 C/ KD [¥G /K, 0" X idp+gyx, )
= (L*G/K,(Fy) x¥ €50 [¥G/K,, 0" xidp+a/x,) = (LYG/K,,0%)

over S,. As all constructions are compatible for different n, we may take the projective limit to get the
corresponding result for (G, ) itself. O
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Remark 2.6.7. In the case of G = GL, (or rather in the case of vector bundles) this was already
stated in [BHOT, theorem 2.5], although over rigid analytic varieties as base spaces S. Let us explain
this relationship in the case of schemes S (for simplicity over Fy): Consider an étale local shtuka (F, ¢)
consisting of a locally free Os ®r, F,[[z]]-module of rank d together with an isomorphism ¢ : o*F —
F. Let (Fln],¢) be the associated locally free Og ®p, F,[[2]]/2""!-module with the induces o-linear
isomorphism ¢ (in [BHOT] (Fn], ¢) is called (F/aF,7)). Consider F[n] as a geometric vector bundle
F[n] over S of rank d(n + 1) and F as a vector bundle F'. These come together with a group structure
making it locally isomorphic to (G"1)4 resp. (Ga>°)? and with a compatible action of F,[[z]]/z"**
resp. F,[[2]]. One has a subgroup-scheme F'[n]? C F[n] consisting of the fix-points of ¢ (called ,F in
[BHO7]). Then [BHOT7, theorem 2.5(a)] states that F[n]? trivializes over a finite étale cover and [BHO7,
theorem 2.5(b)] gives an isomorphism F[n]¥ ®@r, Og = F[n| (when viewed as the corresponding sheaves
of modules on S).

Consider now the equivalence between locally free sheaves F and LG Lg-torsors (where we give torsors
by the sheaf they represent). F corresponds to the torsor

g = ISOmOS®Fqu[[Z”(.F, (Os @F, Fq[[z]])d) o ],'5077”Lz7grp(LJF(G%7 F)

where Zsom, g, denotes the sheaf of isomorphisms of group schemes, which are compatible with the
z-action. Similarly we have

Gln] = Zsomogay, b, ((2)) =+ (FIn], (O @, Fyl[2]]/2" 1)) = Tsom grp (LT Ga[n]", Fln])

(where LTG,[n]? is the group scheme associated to the locally free sheaf (Og ®r, Fy[[2]]/2"*1)¢ or
equivalently the group scheme representing the functor S’ — G¢(Og ®r, Fy[[2]]/2"")) and

G[n)? = Tsomg, (1)) n+1 (F]?, (Fy[[2]]/2"T1)?) & Tsom. grp (Lt Ga[n) (Fy), Fln]?).

Hence [BHOT, theorem 2.5(a)] is equivalent to the trivialization of the LT GLg/ K, (F,)-torsor G[n]? after
a finite étale cover and [BHO7, theorem 2.5(b)] translates into the isomorphism given in lemma [2.6.5

Construction 2.6.8. Tate-functor for local G-shtukas

Fix any n > 0 and let (G, ) € EtShtg(S). Then we have just seen that the torsor G[n]# trivializes over
the universal cover S of S (and even over a finite étale cover). To fix a canonical trivialization, let Gln]?
be the set-theoretic LTG/ K, (F,)-torsor consisting of all x(5)-valued points of the torsor G[n]#|: over
Spec 1 (3) (the residue field of the geometric point 5). Now two isomorphisms G [n]g = ﬁg differ by
an automorphism of the right-hand side, i.e. by an element of Aut(G[n]¥) = L*G/K,,(F,). Hence there

is a uniquely determined isomorphism £[n], which restricts to the identity over 5 € S. Then for any
v € m1(S5,5), viewed as an element v € Auts(S), we have an isomorphism G[n]g — 7*(G[n]g) coming
from the v-invariance of the torsor G over S. This induces the following diagram

Gln)% ae Gl
l ()
“(ln '
7 (G = (Gln)# ) == Glnl# == Gln]?

Hence using the induced arrow on the right, we get a morphism

pgln] : m1(S,5) — Aut(G[n]?)
and therefore the functor

T[n]: EtShtg(S) — Rep(m(S), LYG/K,(F,))

G.9) = pgn]-

Now define the (dual) Tate-functor as
T: EtShte(S) — Rep(m(S), LTG(F,))

G.9) = pg:=lim pgn].

We call T(G) the (dual) Tate module associated to the étale local G-shtuka (G, ¢).
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Remark 2.6.9. First note that by definition G = @ng[n] (and the same for the pullback to S).
Furthermore writing G¢ for the set-theoretic LT G(F,)-torsor consisting of all (5)-valued points of the
torsor G[n]?|z over Spec £(3), we have

€02 = (I Gln))2 = lim(@n)%) = im(Gl7 ) = 0

n

which is compatible with all the actions of m1(S,3) on the torsors G[n]¥. In fact this action pg on the

limit describes precisely how the trivial LT G(F,)-torsor over S descends to the LTG (F,)-torsor G¥ over
S. Hence an alternative way to describe the dual Tate-functor is

T: FEtShtg(S) —  Rep(mi(S), LTG(F,))
G,0) = pg:mi(S,5) — Aut(G?)

where for any v € m1(S5,3) the element pg(7y) is defined via the commutative diagram (x) but for G
instead of G[n] and ¢ instead of &[n].

The next construction follows the ideas presented in [Har11l proposition 1.3.7] or [AHI4al proposition
3.6]:
Construction 2.6.10. The inverse of the Tate-functor
Let p € Rep(m1(S), LTG(F,)) acting on the LTG(F,)-torsor LTG 5. For any n > 0 consider the trivial
LTG/K,-torsor G[n] = (LtGs xLTCE) [+GQ/K,(F,)) xL C/KnF) [+G/K,, over S together with
the Frobenius-linear morphism o*[n] : 6*G[n] — G[n] acting only on the last factor. Then for every
v € 71(8,5) the automorphism p(7) defines a unique isomorphism of L*G/K,-torsors p[n](v) : G[n] —
Gln] = v*G[n]. As G[n]°" = LtGg x LT G(Fs) L*G/K,(F,) by construction, the isomorphism p[n](7)
commutes with the o*-action.

Let us now descend (G[n],0*[n]) to S: First note that the kernel of 71(S,5) — Aut(L*Gg) —
Aut(L*G3 xL"GE) [+G /K, (F,)) has finite index in 7, (S,5). Thus there is a finite étale cover S,, — S,

such that (G[n],o*[n]) descends to the trivial LT G/K,-torsor over S,, (together with the Frobenius-
linear isomorphism o*[n]) and the m(S,3)-action factors over Auts(S,). Thus we obtain an étale
descent datum for the finite cover S, to S. In this way we obtain a unique pair (G[n], p[n]) over S.
Finally note that we have canonical isomorphisms G[n] x %" ¢/En [+G /K, _1 = G[n—1] compatible with
the morphisms ¢[n]. Hence we may define the quasi-inverse of the Tate-functor as

T (p) = hm(G[n]. ¢n])

n

Remark 2.6.11. After defining G = L*Gg x LT G(Fq) LT@G, we have a canonical isomorphism

@(g[n}ﬂ @[n])g = (g~7 U*)

n

of étale local G-shtukas over S. Furthermore the canonical descent datum on the left-hand side coincides
with the action of (S, 3) defined by p. Thus T!(p) is nothing else than (G,o*) after descending it
along the pro-finite étale cover S — S.

Theorem 2.6.12. The functor T is an equivalence of categories.

Proof. Denote the category of trivial L™ G-torsors G over S together with a descent datum of (QN, o*)
from S to S by H(S, LT G)desent, The triviality of the LTG(F,)-torsors on S implies that we have an

equivalence of categories )
Rep(m1(5), L+G(Fq)) o~ L (S, L+G)descent

But by proposition every étale local G-shtuka trivializes over S and the canonical (and obviously
fully faithful) functor
HY(S, LT @)t 5 BtShtg(S)

is essentially surjective. Hence T is indeed an equivalence. O
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2.7 Tate’s theorem on extending quasi-isogenies

The main result of the section is theorem On connected normal schemes every quasi-isogeny
between local G-shtukas over the generic fiber can be extended uniquely to a quasi-isogeny over the
whole scheme. The analogue for p-divisible groups is called the Theorem of Tate and was shown by
Tate [Tat60, theorem 4] in characteristic 0 and by Berthelot [Ber8(), section 4.1] in positive characteristic.
The following argumentation follows mainly the ideas of Berthelot.

The results of this section will not be needed until section [6l

Definition 2.7.1. Let A a Fy-algebra with its Frobenius o (over F,). A shtuka over A is a pair (A, p)
consisting of a locally free A[[z]] = A®p,Fy[[z]]-module A (of finite rank n) and a o-linear morphism
p:0*N — A inducing an isomorphism after inverting z.

A homomorphism « : (A1,¢1) — (A2, 2) is a morphism between the Al[z]]-modules A; satisfying
o = wsoo*a. It is called an isogeny if it induces an isomorphism after inverting z.

Remark 2.7.2. i) Although we defined shtukas in this generality, we will only use it for complete
valuation rings A with algebraically closed residue field k, or quotient fields thereof. Note that in these
cases A is necessarily free.

ii) If one replaces A[[z]] with the ring of Witt vectors W (A), we get almost the definition of crystals in
mixed characteristic: There we have to give in addition to A and ¢ a connection on A, which satisfies
certain compatibility conditions. This connection is mainly needed to have a canonical comparison
between the crystals over the perfection of A for different choices of liftings of the Frobenius o (cf.
[Ber80Q], explanation after theorem 4.6.1). As this problem disappears in equal characteristic, we may
dispense with the connection as we did in the definition. Note that whenever we refer for proofs to the
case of mixed characteristic (notably the next two statements), these do not use the connection except
for passing to the perfection of A.

iii) There is a canonical functor from shtukas of rank n to local GL,-shtukas over Spec A: To (A, p)
associate the trivial L*GLy,-torsor Isom 4.y (A, A[[2]]") and the Frobenius isomorphism induced by ¢.
For further information cf. [HVTII, §4]. Thus we may translate all definitions made above for local
G-shtukas to the case of shtukas. In particular we have Newton points of shtukas, which here determine
the quasi-isogeny class of the shtuka, i.e. the isomorphism class of (A[%]7 ®).

Proposition 2.7.3. Let A be a complete valuation ring of characteristic p with perfect residue field
k, and (A, ) a shtuka over A with constant Newton point. Let A1,...,As be the distinct slopes which
appear with multiplicities dy,...,ds. Then (A, @) is isogenous to a shtuka (A',¢") which is completely
slope divisible, i.e. there exists a filtration

0C (A}, 9)) C... C (AL @) = (A, ¢)

via subshtukas such that each composition factor (A,/A,_,,9;) is a shtuka of rank d; and constant
Newton point isoclinic of slope ;. Furthermore on each N,/\,_| the morphism z=*N@N defines an
isogeny (and hence an isomorphism) for N > 0 sufficiently divisible.

This filtration admits a unique splitting over the perfection A* = k[[t*/P™]] of A.

Proof. This proposition is the analog of a result of Katz [Kat79, corollary 2.6.3]. His proof, which
includes the proofs of theorem 2.4.2, theorem 2.5.1, theorem 2.6.1 and corollary 2.6.2 in loc.cit., translates
word for word to our situation. (]

Remark 2.7.4. i) In the case of p-divisible groups the same result holds by Oort and Zink [OZ02]
corollary 2.2] over any normal base scheme. It seems likely that the same holds in equal characteristic
for shtukas and also for arbitrary local G-shtukas. Nevertheless the result of Katz is sufficient for our
purposes and his proofs are written in the language of crystals rather than p-divisible groups which
allows a much easier translation to our situation.

ii) We will define completely slope divisible local G-shtukas in the next section. One easily checks that
it matches the definition above in the case G = GL,,.

Proposition 2.7.5. Let A be a complete valuation ring of characteristic p with uniformizer ™ and
algebraically closed residue field k. Let (G;, ;) (for i = 1,2) be two local G-shtukas over S = Spec A
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with constant Newton points. Let n = Spec A[r~!] be the generic point and denote the generic fibers by
(Gims i) Then the canonical map

QIsog((G1,¥1), (G2, 92)) — Qlsog((G1,n, ©1.m), (Go,n, P2,n))

18 an isomorphism.

Proof. Note first that every LTG-torsor over S = Spec A is trivial. Indeed by isotriviality (cf. [Ray70}
lemma XIV 1.4]) any G-torsor over Spec A[z]/(z™) (for some n > 0) trivializes over a finite étale
cover. But there are no non-trivial ones, as by [SGAI, IX, proposition 1.7] they correspond to finite
unramified extensions of k (see lemma [5.1.12h) for more details). Hence any G-torsor over Spf A[[z]]
is trivial, or equivalently any LTG-torsor over S is trivial. Thus we may identify ¢; = b;oc* with
b; € LG(A) = G(A((2))) (for both i = 1,2). Thus we have to show:

{9 € LG(A) | g7 b10"(9) = b2} = {gy € LG(A[r™']) | g 0190 (90) = b2y}

where b; ,, is the image of b; in LG(A[r™']), i.e. defines the local G-shtuka at the generic point. Note
that the inclusion C is obvious and we will concentrate on the other one.

Pick now any faithful representation G — GL,, (defined over k, thus ignoring all subtleties coming from
non-splitness). Then LG(A) = LGL,(A) N LG(A[r~1]). Hence we may wlog. assume that G = GL,,.
In particular we may view elements in LG L,,(A) respectively LG L, (A[r~1]) as isomorphisms of the
free module A’ = A((2))™ respectively A} = A[x~"]((2))" of rank n. Thus the assertion rewrites as

{g € Aut(A) | g7 'b10*(9) = by : 0N — N} =
= {g, € Aut(A}) | g;lblna*(gn) = by, 0"A, = A}

Let A = A[[2]]" and A, == A[x~1][[2]]*. Then after replacing b; and by by zVb; and zVby for some
N > 0 we may assume b;c* : 0*A — A are homomorphisms already defined on A. Furthermore by the
same replacement for g and g, (although we may not find such an N for all g or g,, simultaneously) we
are left to show

{g € End*(A) | g7 'b10*(9) = by : 0" A — A} =
= {gy € End"(Ay) | 9;1b1n0*(9n) = by, 10" Ay = Ay}

where End* denotes all endomorphisms which induce isomorphisms after inverting z. In other words
the left-hand side denotes the isogenies between the shtukas (A, b10*) and (A, byo™) and the right-hand
side denotes those over the generic fiber.

In this situation we can copy Berthelot’s proof of theorem 4.7.1 in [Ber80] (after the usual transla-
tions from mixed to equal characteristic) which uses proposition m (or rather its analog in mixed
characteristic) to reduce to the isoclinic case. O

Theorem 2.7.6. (Theorem of Tate for local G-shtukas on base schemes in equal characteristic) Let S
be a normal connected scheme with function field K of characteristic p. Let (G;, @;) (fori=1,2) be two
local G-shtukas over S with constant Newton points. Denote their generic fibers by (Gin,in). Then
the canonical map

Qlsog((G1, 1), (G2, p2)) — Qlsog((G1,n, P1.0)s (G295 P2.0))
s an isomorphism.

Proof. Having a canonical isomorphism allows us to use étale decent. Hence it suffices to prove the
corollary after passing to an étale cover and we may assume that S = Spec A is affine with function
field K and both LT G-torsors are trivializable. In this situation we may identify quasi-isogenies over
all of S with elements in LG(A) = G(A((z))) and quasi-isogenies over the generic fiber with elements
in LG(K) = G(K((z))). Hence the map above is obviously injective. Surjectivity immediately follows
from the

Claim: Any g € G(K((z))) defining a quasi-isogeny over the generic fiber is defined over A((2)).

As A was assumed to be normal, A is the intersection of all localizations A, for prime ideals p of height
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1. As the same is true for A((z)) we may replace A by A, and have to show the claim for locals rings
of dimension 1, i.e. valuation rings. If A is the completion of A at the unique maximal ideal, we have
A = AN K. Thus we are reduced to complete valuation rings. If A™ is the maximal unramified
extension of A, then A = A™ N K. Thus we may actually assume that A has an algebraically closed
residue field. Now the claim is actually equivalent to the previous proposition. O

Remark 2.7.7. i) Note that in the previous two statements we require only the constancy of the New-
ton point, as the Kottwitz point is constant on the connected schemes anyway. Hence it is automatic,
that the quasi-isogeny class of the local G-shtukas is constant, too.

ii) The assumption on the constancy of the Newton point is essential. de Jong showed similar statements
in [Jon9§| for p-divisible groups with varying Newton point, though he allows degeneration phenomena,
i.e. extensions as simple homomorphisms that are no longer necessarily quasi-isogenies. Such degener-
ated homomorphisms have no direct analogue as morphisms of G-shtukas, so it would be hard to even
formulate a conjecture mirroring de Jong’s result in the world of G-shtukas.

3 Global G-shtukas and their moduli space

We turn now to the global situation and study global G-shtukas: G-torsors ¢ over the fixed curve C
together with a o-linear morphism

@1 0G| (Cxr 50\U; Tey, = DO, 9\U, T,

of G-torsors, which is defined outside a finite number of S-valued points ¢; € C(S), called the charac-
teristic places of the global G-shtuka. Here we abbreviate I'c, for the graph of the point ¢; in C' xp, S.
We first prove that the local behavior of a global G-shtuka can be described by local G-shtukas, which
will be most useful when the ¢; are constant along S. This allows us to define two boundedness conditions
for global G-shtukas:

e For general characteristic places there are boundedness conditions in the flavor of Varshavsky
[Var04, definition 2.4b)], cf. definition [3.3.1]

e If the characteristic places are constant along S coming from F-valued points in C', then one may
call a global G-shtuka bounded if the associated local Resy r, (G)-shtukas are bounded in the sense
of 2.2.9

Although this second definition turns out to be a special case of the first boundedness condition, its
local nature makes it more useful for analyzing the corresponding moduli space. Furthermore level
structures away from the characteristic places will be introduced. Finally we consider the moduli space
of bounded global G-shtukas with level structures, which exists in general only as a DM-stack. However
any open compact substack admits a finite étale cover defined by some increased level structure, which
is representable as a scheme. But it is not known to us, whether there exists one level structure such
that the corresponding moduli space is globally representable by a scheme.

3.1 Global G-shtukas without level structure

In the following we will define global G-shtukas, ignoring for now the more subtle notions of boundedness
conditions and level structures.

As usual C is the fixed smooth projective curve over F, and as already mentioned above, we denote by
I'c, € C xp, S the graph of a S-valued point ¢; € C(S). As in the previous sections S is any DM-stack
over E.

Definition 3.1.1. Fiz some topology = € {fpqc, fppf,étale} (though the category will not depend on
this choice, cf. [FGAL section 6]). Then let H*(C,G) be the category fibered in groupoids over the
category of DM-stacks over E, whose objects H'(C,G)(S) over some DM-stack S (over E) are the
G-torsors & (for the chosen topology) over C xg, S. The morphisms are given by isomorphisms of
G-torsors.

26



Remark 3.1.2. i) H!(C,G) is in fact a smooth Artin stack locally of finite type. This is shown in
[Heil0), proposition 1] in far greater generality.

ii) The Frobenius o : C'xy, S — C xg, S (which acts as the identity on C' and as the absolute g-Frobenius
on S) acts on H!(C, G) by pullback along this morphism.

Definition 3.1.3. a) A global G-shtuka with n characteristic places (but without level structure) over
a DM-stack S over E is a triple consisting of

o a G-torsor 4 € H'(C,G)(S) over C xg, S,
e an n-tuple ¢y, ...,c, € C(S) of distinct S-valued points,

e and an iSOTTLO?phiS’ITL
p:0'Y| r, — | r
. CxFqS\Ui e CX]FQS\Ui -

The points ¢; € C(S) are called the characteristic places and ¢ is called the Frobenius-isomorphism on
9.

b) The moduli stack of global G-shtukas (without level structure) is the stack ¥V, H'(C,G) over Spec E
classifying (up to isomorphism) global G-shtukas with n characteristic places. Two global G-shtukas
(G, ) and (9',¢) are isomorphic if their characteristic places coincide (as ordered tuples) and there is
an isomorphism f : 9 — 4" of G-torsors such that

fop=¢ oo"f.

Let A C C™ be the complement of the locus of distinct points in C'.  Then there is a canonical morphism
V. HYC,G) — C™ \ A mapping a global G-shtuka to its characteristic points.

¢) Let c1,...,¢c, € C(F) be any distinct points on C (for some finite field F). Then denote by
V(enH (C,G) the moduli stack of global G-shtukas (without level structure) with characteristic places
ezxactly the c;.

d) Similarly denote by V(C})’Hl(C, G) the moduli stack of global G-shtukas, such that the characteristic
places vary only in the formal neighborhood of the points c;.

Remark 3.1.4. i) When no confusion is possible, we will omit mentioning the characteristic places and
denote a global G-shtuka (without level structure) simply by (¥4, ¢).

ii) An alternative description of V,,H!(C, G) (even with some kind of level structure) is given in [AHI4D]
definition 3.4].

iii) Fixing local coordinates ¢(; at ¢; € C, the canonical morphism V., H!(C,G) — C™\ A factors
over the formal completion at the ¢;, which by choice of the local coordinates equals Spf F[[¢1, ..., (]l
This way V(z,)H'(C,G) can be viewed as a moduli stack over Spec E xg, SpfF[[C1, ..., (,]] or more
conveniently as a moduli stack over Spf E[[(1,...,(,]] (by forgetting the F-action).

iv) The symmetric group S, acts on C™"\ A and V,,H!(C, G) by permuting the characteristic places. As
this action gives canonical isomorphisms between the fibers of V,,H!(C,G) — C™ \ A over the points
in one S,-orbit, we might consider the moduli stack V,,H!(C,G)/S, over (C™\ A)/S,, parametrizing
now G-torsors, a set (and not a tuple) of n distinct characteristic places and a Frobenius-isomorphism
away from them. All further statements are valid (after appropriate modifications) in this unordered
setup as well.

Definition 3.1.5. Let (4, (c;),¢), (4, (c}),¢') € Vo, HYH(C, G)(S) be two global G-shtukas over S.

a) A quasi-isogeny is an equivalence class of pairs (o, U) consisting of a dense open substack U C C'xp, S
and an isomorphism « : Gly — G'|u of G-torsors over U satisfying

aop =y oo (a)

after restricting each of these morphisms to U N \(U; T, UTr).

Two such pairs (a1,Ur) and (s, Us) are equivalent if there is an open substack U C Uy NUsy such that
aly = aslu.

b) Let D C C xy, S be some closed substack. A D-quasi-isogeny is an isogeny such that there exists
a representative (o, U) with U = (C xg, S) \ D, i.e. the isomorphism o of G-torsors can be extended
outside of D.
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Remark 3.1.6. Consider a global G-shtuka (¥, (¢;),¢) € V,HY(C,G)(S). Then it is easy to check
that

(p,C XFq S \ Ui Fci) (079, (U*Ci)’ U*(P) - (g7 (Ci)v ©)
is a quasi-isogeny.
The next lemma will be needed in section 3.3

Lemma 3.1.7. Let D C C xg, S be an effective divisor and (a,U) : (¥, (ci),0) — (9, (c;), ¢') be (a
representative of) a D-quasi-isogeny between global G-shtukas over a quasi-compact DM-stack S over
E. Let E' be a finite extension of E and p be any representation of G on a finite dimensional E'-vector
space V. Consider the vector bundles %y and 4, as constructed in m The quasi-isogeny o induces
now a canonical morphism

avlv :%vlv = 9 lu

over the open substack U. Then for each sufficiently big integer N >> 0 the morphism ay |y extends to
ay - gv - g‘l/ ®OC><]FqS><ESpccE’ OCX]FqSXESPeCE/(_N . (D XE SpeC El))

of vector bundles over all of C xg, S x g Spec E'. This ay is equivariant for the G-action defined via p.

Proof. As ay is obviously unique, we may check the extension property étale locally. Therefore assume
for simplicity that S is a scheme. As % is a vector bundle of finite rank, cy is determined locally
around a point x € D X g Spec E/ by its value on finitely many sections of 4. Hence for N, > 0
sufficiently large ay extends to a morphism ay : %y — 4, ®chyqstspec w O(=N; - (D xg Spec E'))
on an open neighborhood of x. As S is quasi-compact, there is a finite set of points on D such that
their open neighborhoods cover D x g Spec E’. Thus we may choose one N > 0 sufficiently large for all
these points z and we get an effective divisor N - (D x g Spec E’) such that ay |y extends to a morphism
of sheaves
ay G — 94, ®ochqSXESpecE, OCquS(—N (D x g Spec E"))

on the whole scheme C' xp, S x g Spec E'.
It remains to show that ay is G-equivariant, i.e. the following diagram commutes

idxay /
G X, gv —G XF, g\/

| |

ay
gy — 2 g

where the vertical maps are given by the G-action. By definition this holds over U. But any morphism
(G x¥, % )|lu — % |u extends uniquely to C xg, S (if it extends at all). Hence the diagram commutes
indeed over all of C' Xy, S X g Spec E. O

Remark 3.1.8. This proof nowhere needs the existence of the Frobenius-morphisms ¢ and ¢’. Thus
the lemma (and its proof) remains valid, if one replaces the global G-shtukas by G-torsors and the
quasi-isogeny « by any morphism between G-torsors defined over an open dense subset U.

3.2 The local description of global G-shtukas

Fix a finite extension F of F, and any point v € C(F). Our aim is to construct a morphism of stacks
L, : VaHY (C,G) = Shitpes, . (@)

where Resy/r, (G) is the restriction of scalars. This functor should remember the local behavior of both
the G-torsor and the Frobenius-isomorphism at the point v.

In the case of a non-characteristic place v, the image is contained in the substack of étale local
Resg/r, (G)-shtukas and we will use this construction in section to define level structures. If v
equals one of the characteristic places (which is then necessarily constant along S), the image of the
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functor £, is very close to be surjective, though it will take us until Sectionto see this. This already
indicates that much of the information about the global G-shtuka is preserved under the functor

g=J]% : Ve H'(C.G) =[] Shtges, e, (G)-

Ci

Note that the functor £, was first constructed by Hartl and Rad in [AHI4al section 5.2]. Nevertheless we
hope that the reader appreciates the slightly more conceptual approach on this construction presented
here, including an explanation how to get the local Frobenius-isomorphism.

Throughout this section we will never (except in lemma )) specify the underlying Grothendieck
topology. So (except for definition where this does not make much sense) in all statements it is
understood that we fix some topology * € {ét, fppf, fpgc}. We start with some more general nonsense
about G-torsors and their behavior under restriction of scalars, working at first purely over the category
of E-schemes S:

Lemma 3.2.1. Let R be a finite Fy-algebra, G a smooth group scheme over R and S a scheme over E.
a) For every étale morphism S' — S xg, Spec R (over E), there exists an étale morphism S" — S
(again over E), such that 8" xz, R — S xg, Spec R factors over S'. If S — S xr_ Spec R is a cover,
then one can choose S" in such a way that 8" — S’ is surjective and S" xr, R is a refinement of the
cover S’.

b) There are canonical equivalences of categories

RY:HY((S xp, Spec R)., LYG) = H'(S,, LT Resgr, (G))
R : H'((S xx, Spec R).., LG) = H'(S., LResg/r, (G))
which are compatible with associating LG-torsors to L™ G-torsors.

Proof. a) By [Stal3l Tag 05YD](currently lemma 69.11.3) Resg/r, (f) : Resg/r,(S') — Resg/r, (S Xr,
Spec R) is again étale and it is surjective, if f : S’ — S xp, Spec R was. After base change via the
canonical morphism S — Resg/r, (S Xr, Spec R) the same is true for the morphism over £

pr
S" = Resr/r, (") XRespz, (Sxz,5pec B) S — 5.
This gives the commutative diagram

S" xr, Spec R S’

Resg/r,(S') xr, Spec R

\L lResR/]Fq(f)Xid f

S xp, Spec R — Resg/r, (S xr, Spec R) Xy, Spec R — S xp, Spec R

where p comes from the identity on Resg/r, (S) by adjunction and the composite of the two lower
horizontal morphisms is the identity. Hence we get the desired factorization.

Finally we have to show that S” xp,6 SpecR is a refinement of S’ assuming that f : S — S xp,
Spec R is surjective. It is easy to see that on geometric points (or for points over local artinian rings
with algebraically closed residue field): Let x : Speck — S’ be any geometric point (over Spec E' xp,
Spec R). It has the image f(z) : Speck — S’ — S xp, Spec R which gives an E ®p, R-linear morphism
Speck xr, Spec R — S xp, Spec R. This defines a point in Resg/r, (S xr, Spec R)(Speck) = (S xr,
Spec R)(Speck xg, Spec R), which is +(f(x)) after base change to R. Then we have by definition a
commutative diagram over £ Qp, R

Speck ——~X > &'

| |
o(f(x))

Speck x Spec R—— S x Spec R

where the left vertical map is given by the identity on the first factor and the canonical morphism to
Spec R (as = was a geometric point over Spec R). Hence we may lift the point ¢(f(x)) € Resgr, (S Xr,
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Spec R)(Speck) = (S xr, Spec R)(Speck xg, Spec R) (over E) by surjectivity and smoothness of f to
a point y € Resg/r, (S')(Speck) = S’(Speck xr, Spec R) (over E) such that the corresponding point
in Resg/r,(S') x Spec R (now over E @, R) satisfies p(y) = x. Note here that y is far from unique.
But because we defined S” as the fiber product, the triple (y, f(z), Resg/r, (f)(y) = ¢(f(z))) defines a
k-valued point in S” x Spec R (over E) which is by p(y) = = a preimage of .

b) As we have equivalences between torsors for the respective topologies, we may restrict ourselves
to x = ét. Furthermore we will only consider Rt as the arguments for R are analogous and the
compatibility assertion will be obvious.

Given any L G-torsor G over S xg, Spec R, the element R*TG in H'(S¢;, Lt Resgyp, (G)) is simply given
by RtG(S") == G(S" xr, Spec R) for every étale S” — S. If G trivializes over some S, take any S” — S
as in a) and G trivializes again over S” xp, Spec R. Hence R*G trivializes over S”, i.e. it is indeed a
torsor.

For the inverse construction start with R*G € H'(Se, LT Resg/r, (G)). Note that it suffices by the
refinement statement on covers in a) to define the L™ G-torsor G over schemes of the form S” xp, Spec R
for S” — S étale. But there we may just set G(S” xp, Spec R) := RTG(S”). It is obvious that this
defines a LT G-torsor and that the constructions are mutually inverse. O

Remark 3.2.2. i) In all applications the group scheme G will be a constant group scheme coming by
base-change from a reductive group over Fj,.

ii) It is not known to us, whether Resg/r, (S") (or Resg/r, (S xr, Spec R) for that matter) exists
as a scheme if S’ is not quasi-projective. Nevertheless it is still an algebraic space by [Stal3l Tag
05YF|(currently proposition 69.11.5). Thus S” is an algebraic space étale over the scheme S, hence by
[Knu7ll, corollary 6.17] indeed a scheme.

If S is quasi-projective, then proofs of all claims concerning restriction of scalars (including existence
results) can be found in [BLRI0, section 7.6].

iii) Note one subtlety concerning restriction of scalars and the surjectivity result in a): If {S;}; form an
étale cover of S x Spec R (i.e. are a finite set of jointly surjective étale morphisms), then {Resg/r, (5:)}
needs not to be such a cover for S. Nevertheless Resg/r, (][; Si) — S is still surjective and étale. For a
more detailed discussion refer to [CGP10, appendix A.5]. There one can also find a proof of part b) for
linear algebraic groups in the case where R is a field extension of Fj,.

iv) If one tries to prove part a) for fppf- or fpge-morphisms, one runs into two problems: First of all we
can no longer apply Knutson’s algebraization result to ensure to have a scheme S”. Secondly (and more
seriously), we do not know whether Resp /¥, breserves flatness or surjectivity of morphisms, although
this seems to hold at least if F, — R is étale.

Definition 3.2.3. Let X be any locally ringed space with a morphism X — SpecF, and a fized
Grothendieck topology. Let G be a reductive group over Fy and denote its pullback to X by Gx. This is
a group object in the category of locally ringed spaces over X. Then a G-torsor over X is a locally ringed
space 4 over X together with a morphism Gx Xx 94 — 4 such that locally (for the fized Grothendieck
topology) 4 admits a trivialization, i.e. a Gx-equivariant isomorphism 4 = Gx to the trivial torsor.
Analogously to definition let HY(F,, G)(X) be the category of G-torsors over X.

The next proposition is (at least partially) well-known: Similar statements can be found in [HVII]
proposition 2.2a)] or [AHI4al, proposition 2.4].

Proposition 3.2.4. Let S be any scheme over Fq and write S[[z]]/2"T' :== S xp, SpecFy[[]]/z" for
n > 0. Consider furthermore the formal scheme S[[z]] == Sxr,SptFy[[2] and the locally ringed space
S((z)) with underlying topological space |S[[z]]| = |S| and structure sheaf Og(.yy the sheafification of
O5(U)[L] = Os(U)&r,Fy((2)) (for U C |S| open). We view S[[2]] and S((z)) with the topology induced
from the one on S, i.e. if S" — S is a cover in x, then S'[[z]] — S|[z]] respectively S'((z)) — S((z)) are
again covers.

a) For every n > 0 there is a canonical equivalence of categories

H (Fg, G)(S[[ll/2"H) = M (Fy, LG/ K)(S)
b) There is a canonical equivalence of categories

M (Fq, G)(S[[2]) — H' (Fq, L*G)(S)
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¢) There is a canonical functor
M (Fq, G)(S((2)) — H' (Fy, LG)(S)

All these functors are compatible in the sense that we have commutative diagrams

M (Fg, G)(S[[2]]) H! (Fq, LTG)(S) M (Fy, G)(S[[2]]) —— H(Fq, LTG)(S5)

i | i |

M (Fg, G)(S[[2]]/2"F1) ——= H' (Fq, L+ G/Kn)(S) M (Fq, G)(S((2))) —— H(Fq, LG)(S5)

where the vertical arrows on the left-hand sides are given by base-change along the canonical morphism
between the base spaces.

Proof. a) The same arguments as in lemma [3.2.1p) but for G instead of L*G give for R = F,[[2]]/2" !

an equivalence
’Hl(FmG)(S[[zH/z”*l) = ’Hl(Fq,G)(S XF, Spec R) = ’Hl(FwResR/Fq(G))(S).

But Resg/r,(G) = L*TG/K, as they represent the same functor of groups.
b) This follows directly from a):

H! (Fq, G)(S[[2]]) = lim H' (Fq, G)(S x5, SpecFy[[2]]/ (2" 1))
= @Hl(Fq,L+G/Kn)(S)

=~ HY(F,, LTG)(9).

c) We use essentially the same construction as Hartl and Rad: If ¢ is a G-torsor over S((z)), then
consider the sheaf of sets
LG(S) = Homs())(5'((2)),9)

for every cover S — S. Tt is easy to see that applied to the trivial G-torsor over S((z)), this defines the
trivial LG-torsor over S, hence this construction defines indeed an element in #*(F,, LG)(S).

The diagram on the left-hand side is obviously commutative from our construction in b). To see the
commutativity on the right-hand side just observe that (as explained in [AHI4al, proposition 2.4]) we
may explicitly describe the functor in b) as mapping ¢ € H!(F,, G)(S((z))) to the torsor representing

G(8') = Homg.(S"[[2]],9).
O

Remark 3.2.5. i) Note that we do not claim to have an equivalence in ¢), although it seems reasonable
to assume it is. The main problem in proving this is to establish representability results or a descent
theory for locally ringed spaces of the form S((z)). However we will never need this equivalence.

ii) An alternative way to describe the functors in a) and b) can be found in [AHI4al section 5.1]: Let
R = F,[[z]] or R = Fg[[z]]/(2"*"). Then we may apply the functor Resp/r, to go from G-torsors
over SXSpf R to Resg/r, (GXSpf R)-torsors over Resg/r, (SXSpf R) (working in the category of formal
algebraic spaces). Then the pull-back along S — Resg/r, (S QFQ Spf R) gives the desired torsor over S
(at least as algebraic space).

A similar construction can be done in the situation of lemma though it would be harder to show
that the resulting object is indeed a torsor under the desired group.

iii) A third way to construct the equivalences in a) and b) is to construct a correspondence of étale
descend data on both sides. For more details see [HV11l proof of proposition 2.2(a)].

After these preparations let us tackle the construction of the global-local functor £,:
In all constructions let v € C(F) be some point over a finite field extension F of F, and fix a local
coordinate z of C' at the point v. Abbreviate G, = Resg/r, (G) for the restriction of scalars of G.
Fix now a global G-shtuka (¢,¢) € V(. H'(C,G)(S) over an E-scheme S with some characteristic
places c;.
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Construction 3.2.6. The local LT G, -torsor R

Let Z = {v} xg, S C C xg, S be the graph of v. Then the completion Z of C' xp, S along Z
is isomorphic to SpfF[[z]]xr,S = (SpecF xg, S)[[z]] by using the chosen local coordinate z. Re-
stricting the G-torsor ¥ to 2, i.e. considering the base-change ¥ Xcx; s Z, defines an element
9|5 in HI(IF‘q,G)(Z) = H'(Fy, G)((SpecF xg, S)[[z]). By proposition ), this corresponds to
an element ¢ € H'(Fq, LYG)(SpecF xp, S) and by lemma this is equivalent to a LTG,-torsor
RYG € H (F,, LTG,)(9).

Remark 3.2.7. i) Note that we could have applied directly the functor Resg /F, to the G-torsor ¢ |7

in order to produce an element in H!(F,, G,)(Resg JF, A ) which can be pulled back to an element in
H(Fy, G,)(S][2]]). Then proposition [3.2.4p) produces the desired element in H'(F,, LTG,)(S).
ii) By construction we may reconstruct the torsor ¢| out of the L™ G,-torsor over S.

Construction 3.2.8. The local Frobenius-isomorphism at non-characteristic places

Assume for now that v is disjoint from all characteristic places ¢;. Then ¢ is defined on an open
neighborhood of v and we may restrict ¢ to Z. Thus we obtain a Frobenius-linear isomorphism ¢ :
0*4|5 — 9|5. As both proposition 3.2.4p) and lemma [3.2.1p) were equivalences of categories, we first

obtain a morphism @ : 0*% — ¢ and then R*3: 0*RYY = R+ (079) — RYY.
This allows us to define the global-local functor £, (over the category of E-schemes S) for points v
not meeting any characteristic place as
Ly V)M (C,G) — EtShtg,
(&.¢) = (R, R7P)
Remark 3.2.9. i) Actually the definition of £, obviously extends to all global G-shtukas, whose char-
acteristic places do not meet v.

ii) Assume that F'/F is another finite field extension and v’ € C(F’) denotes the point v viewed as a
F’-valued point. Then we can factor £,/ as

Ly = (= xEC [TG,) 0 &,

where we use the canonical morphism G, = Resp/r, (G) — Resp /r(Resp/r, (G)) = Resp/r, (G) = G
to get

(— xL"6 Lt@G,) : EtShtg, — EtShtg,,
(G,0) = (G X279 LT G X idpg,,)
The proof of this is an easy exercise by going through all the constructions. The same factorization will
hold as well if v coincides with a characteristic place.

The definition of the Frobenius-isomorphism is more complicated at points v = ¢; coinciding with
some characteristic place. We first construct the LG,-torsor in a convenient way:

Construction 3.2.10. The local LG, -torsor R

Recall that we have a morphism ¢ : (SpecF xr, S)[[2]] = Z — C xp, S. Fix an arbitrary open immersion
j:U — C. We claim that we can extend ¢ to a commutative diagram of morphisms between locally
ringed spaces

(SpecF xz, S)((2)) —= (C xx, S, (j x id).Ovxy, 5)
(SpecF xg, S)[[z]] ———— C xg, S.

Indeed if v € U, then even ¢ factors over (U, Oy) <= (C' xx, S, (j Xid).Ovx,, s) <= (C Xp, S, Ocxy, s)- I
v ¢ U this argument shows, that it suffices to see that a local coordinate at the point v gets mapped to
an invertible element in O(SpchFxFq S)((z))» Which is obviously true as z represents such a local coordinate.

32



Hence we have indeed such a morphism «/.

Thus we may pull back the G-torsor & over C' xp_ S to a G-torsor g|(spcc[p><ﬂrq $)((z)) over (SpecF xp,
S)((z)) via either of the two ways. As g|(SpecF><urq S)((2)) comes by pull-back from a torsor over (Spec Fxp,
S)[[#]], it trivializes indeed over a locally ringed space of the form S'((z)) for S" — SpecF xp_ S étale.
Proposition ) gives now an element LY € H'(Fy, LG)(SpecF xp, S), which by lemma is
equivalent to a LG,-torsor RLY € HY(Fy, LG,)(S).

As {4|(SpeCFXFq S)((z)) can be constructed as the pull-back Ofg'(SpecFXFq 5)[[]]» the compatibility assertions
in proposition and lemma yield a canonical identification

RLY =~ L(RTD).

Construction 3.2.11. The local Frobenius-isomorphism at characteristic places
By definition ¢ can be seen as an isomorphism of G-torsors

. *
1 0G| (Ox2, 8,(7%10). Ov g 5) T DN (O, 5,(7%10). 00wy 5)

for U = C'\ |, ¢; the open complement of all characteristic places. Hence its pull-back to (SpecF xp,
S)((z)) via ¢/ (cf. the previous construction [3.2.10) defines an isomorphism

Pl (specFxz, $)((2)) 1 0 (spectxr, $)((2)) = Z(SpecFxs, $)((2))-

As in construction we get morphisms @ : 0*LY9 — L£F and then R : o*RLY = R(O‘*Z?) —
RLY. Then the last identification obtained in construction |&l_lﬂ| allows to rewrite this as the desired

RP: 0" L(RTY) — LIRTF).

With these constructions we can define even for a characteristic place v = ¢; (again over the category
of E-schemes S):

L., Vi) H' (C,G) = Shtg,
(@,0) = (R'G, RE)

Remark 3.2.12. i) Note that for any non-characteristic place, the local Frobenius-isomorphism R@
constructed in coincides with the Frobenius-isomorphism induced from R*$ as constructed in
0.2.5

ii) This construction also works in the case of non-constant group schemes G like the ones considered
in [AHI4a] and [AHI4b]. One only has to be slightly more careful what group objects to consider in
order to obtain torsors everywhere.

iii) Probably the proper way to define the associated Frobenius-isomorphism at characteristic places,
would have been to consider the generic fiber of 7 as an adic space (or at least a rigid analytic space), see
that ¢ induces an isomorphism of the G-torsor over this adic space and finally prove a correspondence
between G-torsors over such adic spaces and LG-torsors.

iv) In the very same way one can associate to any two G-torsors ¢4, ¢’ over C' x S, any U C C open

and any morphism « : %|UxFqS — g|U><]T-‘qS the local datum at a point v as Ra : LRYG — LRTG.

View now V(z,H'(C,G) as a stack over Spf E[[(1, ..., (,]] by remark [3.1.4jii). Assume wlog. that
the (; coincide with the local coordinate z whenever v = ¢; equals a characteristic place. Note that this
convention will only become important in the next section when comparing boundedness conditions.

Theorem 3.2.13. Both functors £, and £, extend to functors
£, : Ve H'(C,G) = EtShtg, x5 SpfE[[C1,. .., (]l

and
Lo, : Ve yH' (C,G) — Shta,, x g Spf E[[G1, ..., Gl

of stacks over Spf E[[(1,...,(n]]-
£y again remembers the local behavior at the constant point v, while £., remembers the local behavior
at the (slightly varying) characteristic place c;.
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Proof. To get £, as a morphism of stacks, the main part is to check compatibility with fpqc-descent
data. This however is immediate from the construction.

For £., we have to see in addition, that the constructions above work as well for places varying in
formal neighborhoods. But it suffices to ensure, that the local coordinate z = (; defines an isomorphism
between the formal completion Z of C xp, S along the graph Z of the characteristic place ¢; and
(SpecF x, S)[[z]]. But this certainly holds as long the characteristic place ¢; varies only in a formal
neighborhood of a point. O

3.3 Bounded global G-shtukas

We discuss now ways to describe boundedness conditions on quasi-isogenies a : 4 — 4’ between global
G-shtukas (and hence on global G-shtukas themselves as well), all given by an n-tuple p = (u;); of
dominant coweights, invariant under I' = Gal(F,/E).

The most natural way (motivated by [Var04, definition 2.4b)]) to do so is definition in the case of
F = F,: For any dominant coweight A of G we write %, = ¥ x¢ V() (for the Weyl module V()

and require
g)/\ ®OC><]FQS O(Zz<)‘a ;U'Z> : Fcl) c Oz)\(g/\) - g)/\ ®(9C><[Fqs O(Zz - <(_)‘)d0m7,ui> : Fcl)

where we consider ), (A, ps) - e, and Y, —((=A)dom, i) - T, as divisors on C' xp, S and take the
corresponding line bundles.

If the characteristic places are constant IFg-valued points on C, then this boundedness condition can be
expressed using associated local G-shtukas. Unfortunately we do not know any such description if the
characteristic places are only defined over larger fields.

To remedy this problem, we give a slightly more complicated version of this boundedness condition,
which now depends on a fixed finite extension F of F,. This modification allows us in theorem

to describe the boundedness condition locally in terms of associated local Resg,r, (G)-shtukas if (and
only if) the characteristic places are constant coming from F-valued points on C. This reformulation
provides the key to study special fibers of the moduli space of bounded global G-shtukas in a rather
local manner.

Definition 3.3.1. Fiz a finite field extension F over Fy and an n-tuple pp = (p;); where each p; is a
[-invariant dominant coweight of Resg/r,(G).
a) Let (a,U) : (9, (c;), ) = (9, (c:),¢") be a quasi-isogeny between two global G-shtukas over a DM-
stack S over E, which have the same characteristic places. Consider for every dominant character
A € X*(Resg/r, (G)), which we view as a morphism defined over some finite field E' containing E, the
representation

G xy, Spec E' < Resy/p, (G) X, Spec E' — GL(VRGSF/Fq(G)()\))

where VReswwq (@) (A) denotes the Weyl module associated to Resg/r, (G) and X\. We abbreviate 9y =
G xCG VRQSF/Fq @) (N) and similarly for 4’ (both of them are defined over C xg, S x g Spec E' ). Moreover
consider the divisors over C xp, S X g Spec B

DM(/\) = Z —<(—)\)d0mv,u'i> 'FCz:

and

and the corresponding line bundles O(D,) and O(D,,) over C xg, S xg Spec E'. Then « is globally
F-bounded by p if for every dominant character A € X*(Resg/r, (G)), the associated morphism

Oé)\|U : gAlU — gﬂ(]
between associated vector bundles satisfies
g;\ O(D:L) < OO‘(g)\) < %)/\ ®OC’><]F{ZS><ESpccE/ O(DM)

®oCxFquESpcc B/
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over all of C xp, S xg Spec E'.

To make sense of this condition, note that by lemma ay extends (at least locally on S) to all of
C xg, S xpSpec E' after tensoring the target bundle by some line bundle given by some sufficiently large
divisor. Then all three sheaves make sense as subsheaves of this twisted target bundle.

b) A global G-shtuka (¢, (c;), ) is F-globally bounded by p if ¢ considered as a quasi-isogeny (cf. remark
s F-globally bounded by .

¢) The stack of global G-shtukas which are F-globally bounded by p is denoted by VEH(C, Q). It admits
again a canonical morphism to C" \ A. If ¢1,...,c, € C(F) are fized F-valued points of C' then denote

Vf‘ci)Hl(C, G) = VEH(C,G) xcma (¢i)i, where (¢;); is seen as a F-valued point in C™ \ A,

Remark 3.3.2. Note that the same approach works to define boundedness conditions for morphisms
between arbitrary G-torsors on C' X, S, not necessarily having the Frobenius-morphism turning them
into a global G-shtuka.

Before we start the promised comparison with local boundedness conditions, let us state the global
counterpart of proposition [2.4.6

Proposition 3.3.3. Let (o,U) : (¢, (c;), ) = (¢, (ci),¢") be a quasi-isogeny between two global G-
shtukas over a DM-stack S over E, which have the same characteristic places. Moreover fix an n-tuple
w = (pi)i of U-invariant dominant coweights of Resg/r, (G). Then the locus where v is globally F-bounded
by p is closed in S.

Proof. As for local G-shtukas it suffices to check the condition

g;\ ®OCXF<ISXESP€°E/ O(D;”) < ak(g)‘) < g;\ ®OC><]FqS><ESpec ol O(DH)

only on a generating set of the monoid of dominant characters. Then the very same arguments as in
the proof of proposition [2.4.6] show that the locus where all these inclusions hold is a closed subscheme
inside C' xg, S. By applying upper semi-continuity of fiber dimensions of the morphism C' xg, S — S
and the fact that this fiber dimension is 1 if and only if its fiber is all of C', we see that there is even
a closed subscheme Z; C S parametrizing all points € S such that the inclusions hold over all of

C xp, z. This is the desired locus where « is globally F-bounded by p. O

Assume for the rest of this section that the ¢; are F-valued points in C. Our aim is now to describe the
condition to be globally F-bounded locally in terms of associated local Resy/r, (G)-shtukas, i.e. we want
to compare it to

Definition 3.3.4. Let F be some finite field extension of Fy and p = (p;); an n-tuple of I'-invariant
dominant coweights of Resg/r, (G) as above. We fix an n-tuple of characteristic points c1, ..., c, € C(F).
Consider a quasi-isogeny (o, U) : (4,0) — (4',¢') in the category V) H'(C,G). Then o is locally
bounded by p if a extends to an isomorphism outside the characteristic places and for each characteristic
place c¢; the associated quasi-isogeny

Lo LG — LL.. Y
between local Resy/r, (G)-shtukas is bounded by pi; (in the sense of.

Let us now start to reformulate the condition of being locally bounded:

Proposition 3.3.5. Let a: (G,») — (G',¢') be a quasi-isogeny between two local Resg/r, (G)-shtukas
over S € Nilpgj)- Then o is bounded by a T'-invariant dominant cocharacter p if and only if o satisfies
for every dominant character A\ € X*(Resg/r,(G)) defined over E' (containing E)

(z — C)Q’“)gf\ Car(Gy) C (2 — C)_<(_)\)domvﬂ>g§\_ (1)
Proof. Assume « is bounded by p. Then a~! is bounded by (—p)gom. Hence we get for each \:
axl(gg\) g (Z _ C)_<(_)‘)dom7(_/1')d0m>g)\ — (Z _ C)_<)‘7P‘>g/\

which is nothing else than the inclusion on the left-hand side.
Conversely assume now that both inclusions in (1) are valid. We treat first the case that S = {s}
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is the spectrum of an algebraically closed field. Then « is bounded by g if and only if u(a)(s) < u
for the partial order on X.(T)g (cf. lemma [2.4.9a)). Consider now a Weyl module representation
Pxo : Resgr, (G) — GL(V)y,). Lemma [2.3.9a) shows that the right-hand side of (1) is preserved under
passage to a Weyl module representation (note that the proof of loc. cit. does not use the equality of
Hodge points to show this). The other inclusion follows via the same arguments applied to a~!. But
for GL,-shtukas we have seen in remark that condition (1) implies (and is actually equivalent)
to boundedness. Thus we get py,((@)(s)) = pa,(p) for each A\g. Now by [RR96, lemma 2.2] (and
after noting that the given proof of the equivalence of part iv) in loc. cit. uses only Weyl module
representations) this suffices to conclude p(a)(s) < p.

Over arbitrary bases S, it suffices to see that for every geometric point s € S we have [u(a)](s) =
(1] € m1(Resg/r, (G))o/T, because [u(a)] is locally constant anyway. But to check this condition we
may restrict everything to s. In that situation we just proved that «|s is bounded by p implying in
particular the desired [u(a)](s) = [u]. O

The next proposition shows how to translate the restriction of scalars appearing in the definition of an
associated local Resp/r, (G)-shtuka into the global context:

Proposition 3.3.6. Let G be a L*G-torsor over S xg E' xg, F and LG the corresponding LG-torsor.
By lemma b) these torsors correspond to a LT Resp/r, (G)-torsor RYG and a L Resy/r, (G)-torsor
RLG = LRTG over S xg E'. Fiz a representation p : Respr, (G) — V defined over E' and consider
it via the canonical morphism po : G — Resy/, (G) — V as a representation of G. Then there is a
canonical isomorphism

RLG x"R5/5 DV @p Og r((2))) x5, SpecF — LG x5 (V @1 Osx s, specr((2)))-
Furthermore consider for every N € Z the canonical inclusions

RELG xET B2 () (V 9 (2 — ON O [[2]]) € RLG x PR/ () (V @0 O ((2)))

G xLC(V @p (2 = ONOsxprrxs, spectll2]]) C LG xEE (V @pr Osy p s, spect((2))).
Then the isomorphism above restricts to an isomorphism
RILGH T R2/2 O (V@ (2= )N O [[2]]) X5, SPECF = Gx X C (V@ 11 (2= O s spec[2]])-
Proof. By the very definition of the functor R there is a canonical morphism
RLG xr, SpecF — LG

over S x g B’ xp, F. It is equivariant with respect to the canonical morphism L Resg,r, (G) xF, Spec F —
LG (coming by adjunction from the identity on Resg/r, (G)). Therefore by the universal property of
the equivariant fiber products it induces a canonical morphism

RLG xER/2 (D (V @ g O i ((2))) Xz, SpecF
_ (ch XF, Spec]F) XLReSm/wq(G)Xu‘quecF (V R g OSXEE’XFquCC]F((Z)))
— LG xFC(V @p Osx 1 xz, pecF((2)))-

But over a trivializing étale cover both sides are isomorphic to V ®p Ogx B xz, SpecF((2)). Thus this
morphism is in fact an isomorphism.

For the second assertion note that all previous arguments work as well if one replaces LG by G, R by
Rt and Ogx g ((2)) by (2 — )N Osx ,[[2]]. Moreover it is clear that the isomorphism defined in this
way is just the restriction of the isomorphism defined above. O

Remark 3.3.7. The morphisms
RLG xr, SpecF — LG

considered in the proof coincides with the composition RLG xr, SpecF — Resg/r, (LG) xF, SpecF —
LG. Here we identify RLG with the pullback of Resg/r, (£G) along S xg £ — Resp/r, (S xg E' X5,
SpecF) (cf. remark [3.2.5]i) giving the morphism on the left-hand side. The other morphism comes by
adjunction from the identity on Resp/r, (£G). Note again that due to difficulties to define Resgr, (£G),
all morphisms in this remark have to be considered in the category of (ind-)algebraic spaces. This makes
the direct definition coming from the definition of R the easier and more useful choice.
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Lemma 3.3.8. Let G be a Lt G-torsor over S xg E' xg, SpecF and & the corresponding G-torsor over
S xp E' xp, SpfF[[2]] (cf. proposition b). Let furthermore p : G — H be any morphism between
reductive groups. Then

GxLGLTH  and ¥ x%H

correspond under the equivalence given in proposition|3.2.4b) (of course applied to H instead of G now).

Proof. This follows immediately from the definition of the equivalence [3.2.4p). O

Theorem 3.3.9. Let a be a quasi-isogeny in the category V() H'(C,G), where the ¢; € C(F). Then «
is globally F-bounded by p if and only if it locally bounded by the same tuple p.

Proof. Both boundedness definitions require o to be an isomorphism outside the characteristic places.
So it suffices to see that boundedness of the associated local Resg/r, (G)-shtuka by some p; is equivalent
to have for all A

9\ ®00Xk‘qstspec o O(A i) - Te,) C ax(%) © 9 ®OC><£qS><ESPecE’ O(={(=A)dom; pi) - I'c;)

fpgc-locally around ¢;. To see this let us start with a quasi-isogeny (o, U) : (¥4, (¢;), ) = (¢, (¢i), ¢")
which is locally bounded by p = (;). Then by proposition this is (at the characteristic place ¢;)
equivalent to

(2= QP (L, F)r C an((£6:9)1) C (2 — )~ TV aommid (8,.47)

for each A. By proposition this in turn is equivalent to
(2 = QMG C ax(@h) € (5 = ) (Haemd gy

over SpecF xp, S xg Spec E'. Here 4 denotes (as in construction ) the LT G-torsor associated to
the G-torsor over the formal completion fc C C xp, S of the graph T';; of the characteristic place c;
and ¥, abbreviates @ xL' ¢ VRQSF/FCI(G)()\). Using now the previous lemma for H = GL(VRQSF/Fq(G)()\))
and the canonical equivalence between G L,-torsors and vector bundles, we see that under the equiva-
lence of proposition |3.2.4b) %\ corresponds to ¥|s x ¢ VReSF/Fq (@)(A) (using the representation G —

Resp/r, (G) — GL(VRes, /Fq(g)(k))). Moreover as we chose the same local coordinate for z and (, the
ideal (z — ()" corresponds to the line bundle Op (N -I,) for any integer N. Thus the inclusions of

Ospecwaq Sx pSpec E' [[7]]-vector bundles above are equivalent to

(g/|fc’i x¢ VResF/Fq(G)O‘)) ®Os,)fm[[z]]x]Fq5xESpec B/ Ofui (<)" /”Li> ' Fci)
- aA(glfci XG VReSF/Fq (G)(A»

c (g/|f‘ci x VReSF/JFq(G)()\)) ®OSpfF[[z]]><u:qS><ESpec B Ofci (7<(7)‘)d0m’ 'ui> ’ Fci)

But this is nothing else than the condition coming from being globally F-bounded considered fpgc-locally
around c¢;. O

3.4 Adelic level structures

We define now level structures for global G-shtukas. For this we fix some finite reduced subscheme
Dy C C and let Aigg be the ring of integral adeles of C' at the places in Dy. We will always assume
that the characteristic places of the global G-shtukas are contained in (C'\ Do) xr, S. Then fix an open
subgroup U = [[,cp, U C G(AB"). For any such v, denote its residue field by x(v) and abbreviate
Gy = Res,(y)/r,(G). Each U, acts then on the L*TG(F,)-torsor appearing in the Tate module of the
associated local G,-shtuka at the place v (cf. section . We then define U-level structures by fixing
for each v some suitable U,-orbit under this action.

Furthermore we give (for suitable U) a “naive” characterization of a U-level structure (cf. proposition
[3.4.4pb) and [3.4.7) and identify it with the one Hartl and Rad defined in [AH14bl section 6] (cf. propo-

sition [3.4.13p)).

If the characteristic places are concentrated in (formal neighborhoods of) some fixed F-valued points,
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then we may replace Aﬂf by A™t(¢)i the ring of all integral adeles of C' away from the characteristic
places ¢;. All arguments in this section work as well for A™*(¢): if one replaces Dy by C'\ |, ¢; whenever
that makes sense (even if this is not explicitly stated).

We start by defining adelic level structures on étale local G,-shtukas, where v is a fixed point of C.

Definition 3.4.1. Let U, C LtG,(F,) be an open subgroup and (G,p) € EtShtg,(S) an étale local
Gy -shtuka over a DM-stack S. Let T(G) = (pg : m1(S,3) — Aut(G¥)) be its image under the Tate
functor. Then an adelic U-level structure on (G, ) consists of a w1 (S,3)-invariant U,-orbit ¢ in G#.
An isomorphism between two étale local G-shtukas with adelic U,-level structure is an isomorphism of
the étale local G-shtukas, such that the induced morphism on their Tate modules gives a bijection between
the respective level structures.

Remark 3.4.2. i) If U, = LTG,(F,), then there is only one choice of an adelic U-level structure,
namely taking ¢ = G¥. This way we get an equivalence between the category of étale local G,-shtukas
without level structure and the category of étale local G,-shtukas with adelic LT G, (F,)-level structure.
ii) Let (G, ¢) € EtShtg, (S) be an étale local G,,-shtuka and consider the quasi-isogeny ¢ : (6*G, 0% @) —
(G, ). Let now v be a U,-level structure on (G, ). Then o*¢ C 0*(G¥) = (6*G)7 ¢ is a U,-level
structure on (0*G,0*p). Moreover ¢ : (6*G,0%¢) — (G, ) becomes a quasi-isogeny between local
G.,-shtukas with U,-level structure, because it induces the morphism o* : (6*G)? ¥ = ¢*(G¥) — G¥ on
the Tate module.

Lemma 3.4.3. Let U, C U, C L*G,(F,) be two open subgroups such that U, is normal in LT G,(F,)
Let (G, ) € EtShtg, (S). Then we have a bijection between U! -level structures on (G, @) and m1(S,3)
invariant U! JU,-orbits 1 in the Lt Gy (Fy)/U,-torsor G¢ xL"CvEa) [+@G (F,)/U,.

Proof. Note first that as m1(S,3) acts through elements of LTG,(F,) on G¢ and U, is normal in
LTG,(F,), we get indeed a m(S,5)-action on G# x = G+(Fa) [+@G,(F,)/U,. Thus the canonical bi-
jection between U-orbits in G¢ and U!,/U,-orbits in G# xL " Cv(Fa) [+, (Fq)/U, preserves the property
of being 7 (S, 5)-invariant. O

Proposition 3.4.4. Let U, C LT G,(F,) be an open subgroup and (G, ) € EtShig,(S) an étale local
Gy -shtuka. Assume that there exists a subgroup-scheme U, C LT G, (defined over F,) whose F,-valued
points are ezactly U, C LTG,(F,).

a) Then there is a bijection (using the notations of definition[2.2.3p))

adelic U,-level | 1.1 U, ¢y) € U- EtSht(S) and
structures 1 VU, o) XY LTG = (G, )

where we consider elements the right-hand side only up to the equivalence class defined by isomorphisms
in U, - EtSht(S) respecting ¢, i.e. (L{l,goul,wﬁ) = (Zx{g,cpug,d)g), if there exists an isomorphism & :
(U, pun) = (Us, pua) satisfying P = P} o (€ x id). B o

b) Assume furthermore that U, C LtG, is normal. Let G =G x LT Gy L*Gq,/UU and @ : 0*G — G be
the morphism induced by p. Then there is a bijection

adelic U,-level| 1.1 [isomorphisms in L*G, /U, - EtSht(S)
structures 1 i (G,p) = (LTG/U,0%)

where (LT G,/ U,,0*) is the trivial element in L+ G, /U, - EtSht(S).

Proof. a) Assume we are given an adelic U,-level structure 1 on (G, ), i.e. a m1(S,3)-invariant U,-
subtorsor U C G¥. This defines a trivial U, = U, (F,)-torsor Uz C G¥5 C Gg. Then via the morphism
UU(IE‘q)g C U, g we get a U,-subtorsor uc Gg. By definition U is invariant under the (S, 5)-action

on Gz and g restricts to a Frobenius-isomorphism on U. Hence U descends to a U,-subtorsor U C G
over S which admits the Frobenius-isomorphism ¢|.

Conversely assume we have ¢* : (U, o) xY» LTG, = (G, ¢) or equivalently a U,-subtorsor  C G with
wu = @ly. This gives U C G¥ over S and a similar inclusion over the universal cover. But this is
nothing else than a U,-orbit Y% C G¥ (when restricted to 5). As this subset was already defined over
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S, it is indeed 7 (S, 5)-invariant. Hence it gives the desired adelic U,-level structure.

It is clear that these constructions are mutually inverse.

b) Assume now that U, is a normal subgroup. Start with an adelic U,-level structure % on (G, ). By
a) this corresponds to an inclusion ? : (U, vy) < (G, ¢) of an element (U, ¢y) € U, - EtSht(S). This
defines an isomorphism

_ P
i G=g x4 L*G,/u, 2u xY LtG, xL ¢ Lta, /U,
=uUxY L*G,/u, = U xY" 1) x* L*G,/U,.

where 1 denotes the trivial group (as a group scheme over S). But any 1-torsor is trivial, i.e. isomorphic
to the structure sheaf Og on S. Hence we have a canonical isomorphism of 1-torsors U xY» 1 22 1. This
defines the desired morphism o

PG — LTG,/U,.

Using that there are no non-trivial automorphisms of 1-torsors, we get for the Frobenius-isomorphism

oG o U XU TG, xE G L+G, /U, = (o*U xY*1) x LTG, /U, == 0*1 x* L*G,, /U,
P iAPUXidXid l(apuxid)xid lg*xid
g UxY LTG, xL G [+G, /U, =——— (U xY*1) x  LTG,, /U, 1x'L*tG,/U,

Hence we get indeed an isomorphism

QM : @,@) = (L+GU/UU70*)

Conversely assume we have a local G-shtuka (G, ) and an isomorphism 9% : (G,%) = (LT G, /U,,c*).
Then consider the sequence of local systems on S

G? = G X7 G LEG(R,) U, = (G <2190 LFG, [UL)* =G7 55 (LG /UL)T = LHGu(Fy) /U,

Now the preimage of 1 € L*G,(F,)/U, defines a U,-subtorsor of G¥. Hence we get a 71 (S, 5)-invariant
U,-subtorsor of Qg over the universal cover, which defines the desired adelic U,-level structure inside
g”.

It is clear from the constructions that they are inverse to each other (just note that the trivialization of
G is uniquely defined by the preimage of 1 € LG, /U,). O

We extend the definition of adelic level structures now to the global setting:

Let Dy C C be any finite reduced subscheme and AiD”Ot be the ring of integral adeles of C' at all places
in Do. Let U = [[,ep, Uv C G(Aﬂf) be an open subgroup. Consider now any global G-shtuka
(4, (ci)i, ) € Vo, HY(C,G)(S) over S with characteristic places ¢; contained in (C'\ D) xg, S. Then
recall for every non-characteristic place v € Dy with residue field x(v) the functor

£, : Vo HY(C,G)(S) — EtShte, (S)

associating to the global G-shtuka (¥, (c;)i, ¢) its local G, = Res(y)/r, (G)-shtuka. Furthermore recall
that we fixed a local coordinate z at v in the definition of £,, i.e. an isomorphism A = x(v)[[z]].

Thus we may view '
U, C G(AY") = G(k(v)|[2]]) = Gu(Fy[[2]]) = LT Go(Fy).

This allows us to make the

Definition 3.4.5. a) Let (¥, (ci)i, @) € Vo, H(C,G)(S) be a global G-shtuka with characteristic places
contained in (C'\ Do) xg, S and U = [[,cp, Uy C G(ABY) an open subgroup. Then an adelic U-level
structure consists of an adelic U, -level structure of the local G, -shtuka £,(9, @) for every place v € Dy.
b) The stack (over the category DM-stacks over S) of global G-shtukas with U-level structure is denoted
by Vo Hi;(C,G). It has a canonical morphism to (C'\ Do)™ \ A by forgetting everything except the
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characteristic places.

¢) A quasi-isogeny between global G-shtukas with U-level structure (¢, (c;)i, v, ¥) and (4, (c))i, ¢’ ¢)
is a quasi-isogeny (a, D) : (4, (¢i)i, ) = (4, (c))i, ¢') such that (for some representative of o) D' and
Dy are disjoint and for every place v € Dy the associated local morphism £,(c) : £,(94,p) — £,(4',¢")

is an isomorphism of étale local G, -shtukas with U,-level structure (as in definition .

Remark 3.4.6. i) As usual, we leave it to the interested reader to check that a change of the local
coordinates induces a canonical isomorphism between the sets of level structures.

ii) As in the local case the Frobenius-isomorphism ¢ in a global G-shtuka with U-level structure
(¥, (¢i)i,p,1) defines a quasi-isogeny ¢ : (09, 0*p,c*) — (¥4, p, 1) respecting the U-level struc-
ture.

iii) For global G-shtukas in Va,H!(C, G)(S), the same definition gives U-level structures for any open
subgroup U C G(A™M(¢)i)

Proposition 3.4.7. Let D C C be a finite (not necessarily reduced) subscheme contained in the formal
completion of C along Dy. Consider the open subgroup U = ker (G(A%Y) — G(Op)). Let (4, (ci)i, @) €
V. HY(C,G)(S) be a global G-shtuka satisfying the usual condition on characteristic places. Then there
s a bijection

adelic U-level . G-equivariant isomorphisms
structures ¢ p <— V' G| pys — Gpxswith
on (¥,¢) Yo plpxs =0 00" Yt 0*F|pys — Gpxs

where on the right-hand side o : D xg, S — D xg, S is the restriction of the Frobenius on C Xy, S, i.e.
it is the identity on D and the absolute g-Frobenius on S.

Proof. Wlog. assume that D is concentrated in one place v, i.e. after fixing a local coordinate z at v,
we have D = Spec k(v)[[2]]/(2"*!) < Spf Ai"* in the completion of C at v. Then U =[],,.p, Uy with
Uy = G(AMY) for v/ # v and U, = K,, = {g € LTG,(F,)|g = 1 mod 2"} C LTG,(F,) = G(A").
Hence both sides of the bijection are trivial outside the place v.

But in the place v, we have due to proposition [3.4.4b) a bijection

adelic U,-level structures 4| , 1:1_ [isomorphisms in LT G, /K, - EtSht(S)
on £,(9,¢) Pt (L,9, L) 2 (LYGy /Ky, 0*)

By proposition [3.2.4h) we have a canonical equivalence
{G—torsors over D x S} Ly {L*GU/Kn—torsors over S}

compatible with Frobenius-linear isomorphisms and the functor £,. Hence there is a canonical bi-
jection between the set of isomorphisms (£,9,£,p) = (L*G,/K,,c*) and the set of isomorphisms
V' G| pys — Gpxs with 9! o p|pxs = 0* 0 o*yf. This proves the proposition. O

Remark 3.4.8. i) Such trivializations of the global G-shtuka (¢, (¢;), ) over D xp, S were used in
[Var04] as level structures. In the following we call them “naive level structures” to distinguish them
from the adelic ones defined above.

i) If U = ker (G(A%') — G(Op)) as in the proposition, we will write V,H},(C,G) = V, 1 (C,G).

The next aim is to compare adelic U-level structures to integral U-level structures as defined by
Hartl and Rad. We refer to [AHI4al section 3] and [AHI4b, section 6] for a more detailed description
of integral U-level structures.

Lemma 3.4.9. Let v € C be a place with residue field k(v) and let G, = Resy v, (G) as above.
a) There is a canonical equivalence of categories

Functg) (Repﬁ(v)[[zﬂ G, FMOdn(v)[[z]][m(S,E)]) = Rep(m (9), LG, (Fq))

where
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® Rep, vz G denotes the category of representations of the group scheme G in free k(v)[z]]-
modules of finite rank, i.e. the category of morphisms G — GLg4 over Spf k(v)[[2]] (for variable

d);

o FMod,()[[2))ix(55)] 5 the category of m1(S,5)-representations on free (v)[[z]]-modules of finite
rank;

° Funct?(RepH(v)[[z]] G, FMod,()[2))j= (55)]) denotes the category of tensor functors F' between
them, which admit an isomorphism (of tensor functors)

Forgeto I = W Repﬁ(v)[[z]]G — FMOdH(v)[[Z]],

where Forget denotes the functor forgetting the m1(S,3)-action and w® denotes the usual fiber
functor forgetting the G-action.

b) Let F € Funct?(Repm(v)[[z]]G,FModN(U)[[me(Sg)]) and p : m(S,3) — Aut(LTG,) the associated
element in Rep(m1(S), LT G,(F,)). There is a canonical bijection

Isom® (Forget o F,w°) = L*G,

Furthermore this bijection is compatible with the m1(S,3)-action.

Remark 3.4.10. Note that contrary to [AHI4al] we use group schemes over Spf k(v)[[z]] instead of group
schemes over Spec x(v)[[z]], as local G-shtuka give naturally tensor functors defined on representations
over this formal scheme.

Proof. a) Let F : Rep,. (2] G = FMod,(v)[12))i (5:5)) be a tensor functor in the category on the left-
hand side. Then Forget o F' i Rep, (). G — F'Mody ()2 defines a G-torsor G over Spf k(v)[[2]].
Indeed for every n > 0 we have an induced tensor functor (Forget o F)[n] : Rep,(y)()/(znt1) G —
FMod,()[[2])/(zn+1)- This is equivalent to a tensor functor from the category of (v)-representations

of the linear algebraic group Res .(.).) . /H(U)(G) into k(v)-vector spaces. By classical Tannakian

formalism, (Forget o F')[n] defines a Resﬁ(v)[[z”/( "H)/H(v)(G)—torsor over k(v) or equivalently a G-torsor
over Spec r(v)[[2]]/(2"T1). Thus passing to the limit gives the desired G-torsor over Spf x(v)[[2]]. The
condition Forget o F = w° implies now, that this G-torsor G is trivial. Furthermore the (S, 3)-action
on the image of F now gives an action on G. Hence after the canonical equivalences

71 (S, 3)-actions on trivial 1:1_ | m1(S,5)-actions on trivial
G-torsors over Spf k(v)[[z]] L*G,-torsors over SpecF,

1:1 71(S, 3)-actions on
set-theoretic L1 G, (F,)-torsors

this defines the desired element in Rep(m(S), LTG,(Fy)).

Conversely start with an element p : 71 (S,3) — Aut(L*TG,) in Rep(m1(S), LT G, (F,)). This is equivalent
to a m (S, 5)-action on the G-torsor & over Spf k(v)[[z]] defined by LTG,. If p : G — GL(V) is now
any representation in Rep, (. G, then ¢ x% GL(V) together with the induced 7 (S, 3)-action is an
element in F'Mod,.(y)[2)][x, (s;5)]- This defines the desired tensor functor (and one easily checks that it
indeed lies in Funct(? (Repﬁ(v)[[z]] G, FMOdN(U)[[Z]][7,1(53)])).

b) In a) we constructed an equivalence between such functors F' and L+ G,-torsors L*G,,. Furthermore
an isomorphism between tensor functors from Rep,;(,)(2)) G to F'Mod,(v)(()] induces an isomorphism of
the respective torsors. Hence we have a canonical bijection

Isom®(Forget o F,w’) = Isom(L*G,, LTG,(F,))

where the z-adic group L1TG,(F,) is seen as the trivial torsor. But the isomorphisms on the right-hand
side are uniquely determined by the preimage of 1 € LTG,(F,), which is the desired element of the
set-theoretic torsor LTG,,.

By definition each element vy € 71(S,35) defines an automorphism of the functor Forget o F'; hence an
automorphism vy of L*G,,. As v acts on Isom®(Forget o F,w") by precomposition of the automorphism
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defined by vy~ 1, it also acts on Isom(L*G,, LT G,) by precomposition with 1*1. Thus v acts on the

preimages of 1 simply by applying ~. O
Recall now that Hartl and Rad construct in [AHI4al definition 3.5] a functor
T : EtShte, (S) — Funct§ (Rep,. ()2 G FMod,eu) () m1 (5:5)-

This allows one to define an (a priori) different adelic version of level structures, as done in [AHI4b]
definition 6.3a)], which we recall for the reader’s convenience.

Definition 3.4.11. a) Let (G,, ) € EtShtg, (S) be an étale local Gy-shtuka and U, C G(AI"t) =~
L*TG,(F,) be an open subgroup. Then an integral U,-level structure for (Gy,p,) consists of a 1 (S,3)-
invariant Uy,-orbit in Isom® (Forget o T(Gy, ¢y),w").

b) Let (4, (ci)i, ¢) € Vi HY(C,G)(S) be a global G-shtuka whose characteristic places lie in (C\ Do) X, S
and let U = HvEDO U, € G(A%f) an open subgroup. Then an integral U-level structure consists of an
integral U,-level structure of the local G, -shtuka £,(¥, ) for every place v € Dy.

Remark 3.4.12. i) Note that in [AHI4D, definition 6.3] Hartl and Rad define only rational U-level
structures. The only difference to the definition above is, that they consider tensor functors into the
category F'Mod,()((2))[r (55 Py taking the tensor functors above and inverting z. Then the set
Isom®(Forget o F,w°) comes naturally with a G(A,) = LG,(F,)-action (where A, denotes the ring
of adeles at v) and one may allow any compact open U € G(Ap,). We sketch the slight differences
between integral and rational U-level structures at the end of this section.

ii) Furthermore note that in [ATI14D] section 6] a global version of the functor 7 is used to define the
level structures. Nevertheless Hartl and Rad remark that the global version of 7 is just the product of
all composites 7 o £,. This way one may easily see that the definition above is just a reformulation of
the actual definition in [AHI4b].

Proposition 3.4.13. a) Let (G, ¢,) € EtShte, (S) be an étale local Gy -shtuka. Then the elements
T(g'm SO’U) S Funct? (Repn(v)[[zu G, FMOdn(U)[[z]][Trl(S,E)])

and
T(Gy, ¢v) € Rep(m1(S), LY Gy (F,))

coincide via the equivalence defined in lemma a). In other words, there is a commutative diagram
of categories

EtSht, (S) ——— Funct (Repis(v) (2] G FMody (o) (2]11ms (5.5))
EtShig, (S) T Rep(m1(S5), L+ G, (F,))

b) Let (4, (ci)i, ) € Vo HY(C,G)(S) be a global G-shtuka with characteristic places in (C'\ Do) xp, S
and U C G(AiD”(f) an open subgroup. Then there is a canonical bijection

integral U-level 1:1 adelic U-level
structures on (¢, ) structures on (¢, )

Proof. a) This is clear, because both functors 7 and T encode the 7(S,3)-action on G|z and the
equivalence constructed in lemma ) gives precisely the translation between the two ways to encode
this information.

b) It suffices to show that we have such a bijection for level structures on étale local G,-shtukas (G,, ).
Then part a) of this proposition and lemma ) imply that there is a 71 (.S, 5)-equivariant isomorphism

Isom® (Forget o T(gv, ©v), WO) = %‘

Hence the set of m1(S,3)-invariant U,-orbits are the same, which on the left-hand side encode integral
U,-level structures and on the right-hand side adelic U,-level structures. O
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Finally we sketch the comparison between integral and rational U-level structures. First note that any
compact open subgroup U € G(Ap,) can be conjugated into G(Aﬂf), so we will always assume that U
lies already in this smaller group. For simplicity we restrict ourselves to the case of only one place with
non-trivial level structure, i.e. we assume Dy = {v} and U = U,.. The general case then boils down to
do the following observations at each place separately.

Now we claim to have a diagram, where Rep,;(,)((»)) G denotes representations over Spec r(v)((2)),

Functgg’ (Repﬁ(v)[[ ] G, FMOdn(v)[[z]][wl(SS)]) — Rep(m(S), L+GU (Fq))

|

Funct§ (Rep,(y) 1z)) G F M 0dy(w) ((2)) i (5.5))

iw

Functg@ (Repn(v)((z)) G, FMOdn(v)((z))[wl (S,E)}) — Rep(7r1 (S), LGD (Fq)>

2]

Let us explain the various maps: The upper horizontal map comes from lemma ) and the lower
horizontal map is shown in a similar way (though the construction of the associated G-torsor can now
be done directly by applying the Tannakian formalism over the field £(v)((2))). The first map on the
left-hand side is just postcomposition with the canonical FMod, v)((2])ix:(5,5)] = FMody(v)((2))[r1(55)]
obtained by inverting z. The construction of the second map is similar to [DMOS82, 11.3.10-11.3.11]
(and having a constant group scheme G is essential for this to be an equivalence). Finally the morphism
on the right-hand side is given by taking the induced action on L+G, xL G+ LG, = LG,.

Consider now an element Fp € Functgz’(Rep,{(v)((z))G,FModK(v)((z))[m(Syg)]) and let pg : m1(S5,5) —
Aut(LG,) the associated element in Rep(71(S), LG,(F,)) (similarly to lemma [3.4.9). Then there is
again a canonical bijection

Isom® (Forget o Fy, w%) = LG,

compatible with the 7 (95, 3)-action. Here w(% denotes the usual fiber functor over x(v)((z)). In partic-
ular a rational U,-level structure, which is by [AH14bl definition 6.3] a w1 (.5,3)-invariant U,-orbit in
Isom® (Forget o Fo,wg), is the same as a (S, 5)-invariant U,-orbit in LG,. Actually [AHI4b] uses

tensor functors Fy € Functgz’ (Repm(v)[[z” G, FMod,(v)((:))[r (5,5)]) but this makes no difference by the
equivalence displayed in the diagram above.

To compare integral and rational U,-level structures, start with a global G-shtuka giving a tensor func-
tor ' € Functga(Repn(v)[[z]] G, FMod,(v)[z))i=.(5;3))) corresponding to some p : m1(S,5) — Aut(LG,).
We denote their rational analogues again by Fg and pg. Then we have

Isom®(Forget o F,w’) ——= L*G,

| |

Isom® (Forget o Fo,w)) ——> LG,

where the vertical morphism on the left-hand side is given by base-changing everything to x(v)((z))
and the one on the right-hand side is again given by L*G, C L*G, x LGy LG, = LG,. Using the
translation of integral and rational U,-level structures to the choice of subtorsors of LG, respectively
LG, this shows that the space of rational U,-level structures is strictly bigger than the space of integral
Uy-level structures. Note that together with proposition [3.4.7] this reproves the strict inclusion shown
in [AH14bl theorem 6.4]. There even equality is asserted, which however contradicts the statements
proven in [3.4.13]

Nevertheless a global G-shtuka admits an integral U,-level structure if it admits a rational one. Indeed
any (S, 3)-invariant U,-orbit in LG, can be translated by an element in LG,(F,) to an invariant
U,-orbit in LT G, (recall for this our assumption U, C LTG,(F,)).
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3.5 The moduli space of bounded global G-shtukas with level structure

We will finally define the notion of a globally F-bounded global G-shtuka with U-level structure. It is
shown that the moduli space of such bounded global G-shtukas is a DM-stack which can be covered
by quotients of quasi-projective schemes by finite groups. In particular we will show that any quasi-
compact open substack is representable by a quasi-projective scheme after enlarging the level structure
(cf. proposition for the precise statement). For this proof we follow the ideas of Varshavsky
[Var04].

Definition 3.5.1. Fix a finite reduced subscheme Do C C' and an open subgroup U C G(A%L;). Assume
wlog. that U, # G(A™) for anyv € Dg. A globally F-bounded global G-shtuka with U-level structure is a
tuple (9, (¢;), @, %) consisting of a globally F-bounded global G-shtuka (¥, (¢i), ) (as in deﬁnitionm
and a U-level structure on it (as in definition m such that Dqy is disjoint from the characteristic
places.

We denote by VEHL(C,G) the stack of global G-shtuka with U-level structure which are globally F-
bounded by some tuple w. It has a canonical morphism to (C'\ Do)™ \ A, mapping as usual a global
G-shtuka to its characteristic places.

Remark 3.5.2. In short we have
VEN(C,G) = VEH!(C,G) xv, 31 (c,0) VaHi (C, G)

Proposition 3.5.3. c.f. [Var04, lemma 3.1b)] Fiz a finite field extension F/F, and an n-tuple p of
dominant I'-invariant cocharacters of Resg/r, (G). Consider the stack over the category of E-schemes

G G cHY(C,G)(S), (c;)i € (C™\ A)S)
Hecke”(S) = (%l’ g, (Ci)ia gp) @ : g/|(cqu SN\U; T, — g|(c><yq SN\U; Te; iSOInOI"phiSm
such that ¢ is globally F-bounded by p

Then the forgetful morphism of stacks
Hecke* — H'(C,G) xg, (C™\ A) , (9.9, (ci)is o) = (9, (ci):)
s representable by a projective scheme.

Proof. We follow the proof in [Var(04], which in turn was inspired by [Gai01]. Fix a faithful representation
Resp/r, (G) — GL(V) where V = P, V(}) is a finite direct sum of Weyl modules of Resgr, (G). We
may choose A to be invariant under Gal(F,/F,) implying that V is invariant under the absolute Galois
group. In particular V' is already defined over [F,. Moreover we view V' as a faithful representation of
G via the canonical inclusion G' < Resg/r, (G). Set

C— min —{((— . I — _min —{((— — — )
Nz—IAIlel[IXl <( )‘)domuuz> and Nz I)Tlé/r\l <( )\)doma( ,Uv,)dom> I>I\1€a§</\"uz>

for all 1 <4 < n. Define now two more stacks, namely

G G cH(C,G)(S), (c;); € (C™\ A)(S)
Heeke(8) = (4.9, (c)in9) | %9 |Cxe, 00,12, = DL icxs, 90, ., somorphism such that
Gy R0cxs O(Zz Nz/ ’ chz) - @V(g\l/) C Yy ®Ocxs O(Zz N; 'chz)

and

& a vector-bundle over C' xp, S of rank dim V
G c HY(C,G)(S), (c;); € (C™\ A)(S)
pv . 5|(0xFq SNU; T, = %v|(0xFq SN\U; T, isomorphism such that
4% ®Ocxs O(Zz Nz/ ’ Fci) - SDV(‘S‘) CYy ®0cxs O(Zz N - Fci)

Hecke"(S) =< (£,9,(ci)i,ov)

Here we make sense of the last assumptions in the definition of each stack as follows: Locally on S,
we may extend ¢ respectively ' to C' xp, S after tensoring the target bundle with O(—Ng >_, Z;) for
some Ny > 0 (cf. lemma . Then we may ask that the image of this morphism has the desired
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properties.
Our aim is to prove the properties indicated in the diagram

closed

Hecket <22 Hecke' <92%°% Hecke! 270 HY(C,G) xp, (C™\ A)

Claim 1: Hecke” is representable as a projective scheme over the stack H'(C, G) xg, (C™ \ A)
Consider any element in H*(C, G)(S) x (C™\ A)(S), i.e. let S be an E-scheme together with a G-torsor
¢ on C xp, S and fix an n-tuple of distinct S-valued points ¢; in C. Define the coherent sheaf F :=
Gy (>, Ni-Te,)/% (>, N;-T¢,) on C'x S supported in | J; I'c,. Then the Quot-scheme Duot}-/CXFqS/S is
representable by a projective scheme over S (as C/F, is projective) by [FGAIV] theorem 3.1]. Identify
S X’Hl(C,G)X]Fq (Cm\A) Hecke” with Duot;/CXS/s as follows: If (5, %, gﬁv) es X?—H(C,G)X[Fq (Cm\A) Hecke”,
then the condition on ¢y (€) in the definition of Hecke” gives a quotient map

F =% (Ni-Te,)/% (3N -Te,) = G (3 Ni-Te,)/ov(E)

(abbreviating % (D) = %y OO0, s O(D’) for any divisor D). As the sheaf on the right-hand side is
flat over S, it defines an element in Quotr,cyxs/s. As both the vector bundle & and the morphism ¢y
can be reconstructed from this quotient morphism, it follows immediately that this defines the desired
identification.

Claim 2: Hecke' is a substack of Hecke”

Consider the morphism of stacks Hecke' — Hecke”, (4',9,¢) — (4,9, pv). To show that this map
is injective, consider the natural morphism ¢’ — ¢’ x% GL(V) = GL(%,,) of sheaves over C xp,k S. By
choice of V' this map is injective. Dividing out the G-action gives a section

1:G\Y' — G\GL(¥,)

Note that the G-equivariant preimage in GL(%{,) of the image of [ is canonically isomorphic to ¢’. But
[ is uniquely determined by its restriction to (C xg, S) \ U, I'c,, where it can be alternatively described
as

G\9' = GL(V\GL(@,) 2% GL(V\GL(% ) = G\Y — G\GL(%/) 2% G\GL(¥4,) (%)

Thus [ and hence ¢’ are determined by (¢4,,¥, ov). ¢ itself is simply the restriction of ¢y : GL(¥,) —
GL(%y) to %' and can be reconstructed, too. Note that as ¢y is only defined on (C' xr, S)\ U, I, its
restriction automatically maps ¢’ into ¢ as required.

Claim 3: Hecke' is closed in Hecke”

Consider again an element in H!(C, G)(S) x (C™\ A)(S). By claim 1, §” = S XH1(C,G) %z, (CT\A) Hecke"”
is a projective scheme over S. Let £ be the universal vector bundle corresponding to & over C x S”
and ¢} the universal isomorphism of vector bundles over (C'\ {c;};) xr, S”. Then ¥ defines as
in (%) a section

1 GL(V)\GL(EY™Y) — G\GL(E"™)

over (C xg, S")\U,; I',. As explained during claim 2, a point in S” lies in the image of S" = 5" X fecker
Hecke' if and only if the section [ extends to all of C over it. In other words S’ is the largest substack
of S” such that (¥ extends to a section on C xp, §" C C xp, S". But this locus is closed, cf. e.g.
[Var04, appendix A.4].

Claim 4: Hecke* is a closed substack of Hecke’

Let ¢ be any morphism globally F-bounded by . Then by choice of N; we have

Dipa
G =P AR = PG D0, s O = {(~Naom ) - Te)) € G D0c, s O N - Ie,)

A€EA AEA

and similarly for the other inclusion. Thus Hecke* is naturally a substack of Hecke’. As the locus
where a quasi-isogeny is globally F-bounded by p is closed in the base scheme by proposition [3.3.3]
Hecke* is closed in Hecke'. O
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Remark 3.5.4. A very similar proof can be found in [AH14bl propositions 3.8 and 3.10]. The main
difference in their setup is, that in [AH14b] one considers only the case of fixed F-valued points as
characteristic places. Moreover their definition of boundedness is only similar, but does not coincide,
with our “globally F-bounded by p” or the corresponding “locally bounded by p”.

We include now the level structures. As boundedness conditions do no longer appear in the ar-
gumentation, we will abbreviate “global G-shtukas” for “global G-shtukas globally F-bounded by wp”.
Before treating the case of general bounds though, we discuss the situation of naive level structures as
defined in remark We start with the following well-known

Lemma 3.5.5. For any finite closed subscheme D' C C denote the category (fibered over DM-stacks S
over E) of G-torsors ¢ over C x, S together with a trivialization ¢ : 4|prx, s = G xg, (D' xg, S) by
HE (C,G).

Let X C HY(C,G) be a quasi-compact open substack and fir a (non-empty) finite closed subscheme
D C C. Then there is an integer N > 0 such that fiber product X X1 (c,a) HY.p(C,G) is representable
by a smooth quasi-projective scheme over E.

Proof. A detailed proof is given e.g. in [Wan04]. Proposition 5.0.9 in loc. cit. shows representability,
while proposition 6.0.18 proves smoothness and theorem 5.0.14 quasi-projectiveness. The same methods
can be found in [Var04, appendix A.4 and proof 3.2]. O

Proposition 3.5.6. Let X C HY(C,G) be a quasi-compact open substack stable under the action of
the Frobenius o and D C C be any finite closed subscheme. Let N > 0 be an integer such that
X Xy1(0,0) Hy.p(C, G) is representable by a scheme. Then X Xu1(0,G) VEHY, 5 (C, Q) is representable
by a quasi-projective scheme locally of finite type over Spec E xg, ((C'\ D)™\ A).

Proof. We follow the proof in [Var04l, proof 3.2] and use proposition to identify the level structures
appearing in VAHY ,(C, G) with trivializations of the restriction of the global G-shtuka to (N-D) xg, S.
For notational reasons we will abbreviate X X Z = X X1 (¢,q) Z for any stack Z over H(C,G).
Furthermore assume wlog. N = 1. Consider now the stack (over the category of E-schemes)

Heckel () = {(g,’g7 (c)ir0,0) ‘ (9,94, (ci)i, ) € Hecke#(S) with ¢; € (C\ D)(S) Vi }

P %Dx%s — G xg, (D xp, S) trivialization

which maps to #!(C, G) by forgetting everything except ¥. Then X x Hecke’, can be described as the
fiber product

X x Hecke'l‘) Hecket

|

X xHp(C,G) xp, ((C\D)"\ A) —=H!(C,G) xg, (C\D)"\ A)
Hence the previous proposition and our assumption on X x H5(C,G) imply that X x H ecke’ is
representable as a quasi-projective scheme over Spec E' xp, ((C'\ D)" \ A). Now consider the fiber

product diagram of schemes

(gv (Ci)iv ®, "/}> e (U*g’g’ (Ci)i7 2 "l})

(9, (ci)ivp,00) X x VEHL(C,G) ———— X x Heckek, (9,9, (ci)iy 0, %)
! ! ! I
(Y,) X x HL(C,G) —7 (X x HL(C, @) x (X x HH(C,G))  (#',¢0¢lp), (¥, 1))
(G, )1 (079, 0%9),(9,9))

where the I', denotes the graph morphism of o, which is closed by separatedness of source and target.
Thus X x VEH(C,G) is as a closed subscheme of X x Hecke!, indeed quasi-projective over Spec E XF,
(C\D)"\ A). O
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Remark 3.5.7. A explicit cover of H!(C,G) by quasi-compact open substacks stable under the action
of the Frobenius o, was described in [Var04l 2.1] using B-structures (as discussed in [DS95]): For any
element 1 € X, (T)dom let

HY(C,G)N(S) = {g e H\(C,G)(S) | 48BN < (Am) for all A € X*(T)dorn and al }

B-structures B C 5*G for geometric points 5

Then H!(C,G)=" is a quasi-compact open substack of H!(C,G) by [Var04l, lemma A.3].

Proposition 3.5.8. Let U C U’ C G(A%Y) be two open subgroups with U normal in U’ (and as usual
D C C a finite subscheme). Consider the canonical morphism

VHHL(C,G) = VPHE (C,G)

obtained by replacing the U-orbit (defined by the level structure) by the corresponding U’-orbit. Then
this morphism is relatively representable in the category of schemes by a torsor under the finite group
U'/u.

Proof. First of all note, that if (¢4,¢,v) € Vﬁ?—lb(C, G), v € D a non-characteristic place, v, C
(£,9)%% the 71 (S, 3)-invariant subset defined by the level structure at v and finally g, € U/ C G(A™)
any element, then the subset g, - 1, C (£,9)%"¥ is again a 71(S5,35)-stable U-orbit. This follows by
normality of U in U’ and the fact that 71(S,3) acts through elements in U. In particular we have
an action of U’ on the set of U-level structures on (¢,¢): An element g = (g,) € U C G(A®?) =

[T,ep G(AI") maps a U-level structure ¢ = (¢y)vep t0 g% = (gv - ¥v)veb-

Let us check now the representability assertion: For this we may assume wlog. that U and U’ differ only
at one place v € D. Denote their components at v by U, C U/ C G(A"") = LTG,(F,) (abbreviating
again G, = Resy(y)r, (G)). Let (4,0,¢') € VENE(C,G)(S) be a global G-shtuka with U'-level
structure over a DM-stack S. Then we have to consider the stack S XVhHL,(C,G) VHHL(C, G) given on

a DM-stack S’ over S by (¢ xg5’, ¢ x idgs, 1) with a U-level structures v such that U’ -¢ = ¢’. This is
obviously a fppf-sheaf, hence we may check representability after an étale cover. Choose now a positive
integer N > 0 such that Uy.p = ker(G(A%Y) — G(Op.p)) is contained in U and thus automatically
normal in it. Similarly to propositio in the local setting, there is an étale cover S — S such that
(@, ap)\N.DXFqg = (G xp, (N - D xp, S),0") after passing to this étale cover S. Thus assume wlog. that

the global G-shtuka together with the Frobenius-isomorphism is trivial over N - D. But for the place
v € D a trivialization of (¢,¢) over N - D induces a trivialization of £,%4 x LGy L*tG,/Unp ., where
Unpy is the v-component of Uy.p (viewed here as the corresponding subgroup scheme of LTG,).
As we have a trivialization of the Frobenius-isomorphism as well, we also get a trivialization of the
L*TG,(F,)/Up,-torsor

(8,9 xE7 0 LYG, [Up,y) ¢ = (£,9)%% xL7 G L+G(F,)/Up.,
over S. In particular 71(S,3) acts trivially on the set-theoretic torsor
(£,9)%0% x I Gv(F) [+G(F,)/Upy.

By lemma the v-component of the U’-level structure ¢’ corresponds to some U, /Up,-orbit in
(L£,9)%v? xLTGu(Fy) L*G,(F,)/Up,. By triviality of the m(S,3)-action and again lemma the
U-level structures ¢ with U’ - ¢ = 1)’ correspond bijectively to U,/Up,-orbits in the U] /Up,-orbit
defined by +’. But this is obviously representable by the trivial U, /U, = U’/U-torsor over S. O

Remark 3.5.9. It is easy to see directly that we have an isomorphism of stacks
VIHU(C,G) xp U'JU = VEHL(C,G) xyuc.q) VaH(C,G)
((gv ' ¢)7 g- U) = ((gv 2 ¢)7 (g7 ¥, 9" w))

cf. [AHI4bl proposition 6.5]. However this does not help at all to prove representability.
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Theorem 3.5.10. cf. [Var0j, proposition 2.16a)] a) Let U C G(A™Y) be an open subgroup. Then
VEHL(C,G) is a DM-stack locally of finite type over E.
b) Let U C U’ C G(A) be any two open subgroups. Then the canomnical morphism

VEHL(C,G) — VEHE(C,G)
s finite étale.

Proof. Part a) follows from the previous proposition: As this is a local property it suffices to check
that X' X910, Vﬁ?—lb(C ,G) is a DM-stack locally of finite type for each quasi-compact open substack
X C HYC,G). Consider now an integer N > 0 such that the corresponding subgroup Uy.p =
ker(G(ABY) — G((’)N p)) is contained in U. Then after enlarging N we may even assume that
X X9 c,q) VE L 5(C,G) is representable by a scheme with the desired properties. But Uy.p =
ker(G(AB') — G(On.p)) C Up C U is a subgroup, which is normal in G(A%"). Hence the morphism

X x31(0,6) VEHN.p(C.G) = X x31(0,6) VEHE(C,G)

is representable by a torsor under a finite group. This shows that X' xX1(¢c @) VEHL(C,G) is indeed a
DM-stack.
Part b) follows immediately from the previous proposition. O

Notation 3.5.11. For fized places ¢; in C\ D, abbreviate
X’; = VT‘:’H%](C, G) X(c\D)" (Cl)z

and

—

XY = VENL(C,G) X (c\pyn (¢i);

where (¢;); € (C'\ D)™ is the point given by the ¢; and (/cz\)7 is its completion.

X! parameterizes global G-shtukas in V(Ci)’Hl(C, Q) together with U-level structures and satisfying the
boundedness conditions. In the same way %’Ij parameterizes bounded global G-shtukas in V(éi)’;’-ll(C7 G)
together with levels structures.

4 Igusa varieties on central leaves

We now analyze the special fiber X4, in the moduli space of bounded global G-shtukas in greater detail.
Central leaves, defined in section as the locus where the associated local G-shtukas are (point-wise)
isomorphic to a suitably chosen fixed local G-shtuka, are of particular interest, because their universal
local G-shtuka (associated to some fixed characteristic place) has a very easy form: The Frobenius-
isomorphism lies (after a suitable trivialization) in a certain parabolic subgroup as explained in section
Moreover the LT G-torsor actually comes from a torsor for a certain subgroup Io(b,) of LT G, cf.
section £.4] In sections [£.5] and [£:6] we finally turn to the definition of Igusa varieties: These are moduli
spaces parametrizing equivalence classes of isomorphisms, which are representable at least over basic
strata. The situation over central leaves in arbitrary Newton strata is more complicated: First of all
one needs a very detailed structure theory for local G-shtukas over these central leaves before being
able to write down a useful moduli problem. Secondly one has to pass to the perfection of the central
leaf, before the moduli spaces become representable. But once existence of Igusa varieties is shown, it
is almost immediate that they are finite étale covers of the central leaf.

Similar theorems in the world of abelian varieties and p-divisible groups (with additional structures)
can e.g. be found in [HTO1], [Man04], [Man05] and [Oor04], though their moduli descriptions of Igusa
varieties are usually less natural than ours in the non-basic case. Many of the following definitions and
proofs were inspired by ones found in these references.

4.1 Newton strata

In this section we define a stratification of the moduli space of global G-shtukas via the quasi-isogeny
classes of the associated local G-shtukas. Essentially everything here is already contained in [HV11]
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section 7], though the description of the set of o-conjugacy classes goes back to Kottwitz [Kot85],
[Kot97].

Fix for the moment an algebraically closed field k over F,. Recall that any local G-shtuka over £ is of
the form (LG, bo*) for some b € LG(k) and that quasi-isogenies correspond to o-conjugation of the
element b. This gives a canonical bijection

{quasi—isogeny classes of local G-shtukas over k} PRILN { o-conjugacy classes in LG (k:)} .

By [RR906, lemma 1.3] the right-hand side does not depend on the field k (as long as it is algebraically
closed). Thus we may denote these sets by B(G), independently of k.

Construction 4.1.1.

Let S be some DM-stack over E (or even over F,) and (G, ¢) € Shtg(S) be a local G-shtuka over S.
Let 5 € S(k) be any geometric point (for some algebraically closed field k) and consider the restriction
(G, p)s of the local G-shtuka to it. This defines by the discussion above an element [G]s € B(G). We
claim that it depends only on the image s € S of the geometric point. Indeed o-conjugacy classes are
trivially stable under the action of o and hence they are in particular stable under Gal(k/FE). Thus we
write simply [G]s for this element and obtain a map

ShtG(S) — Homsets(sa B(G))
(G.¢) = (s = [G]s)

Remark 4.1.2. A more explicit description of B(G) is given in [Kot97, 4.13] or alternatively [RR96]
theorem 1.15iii)] by the canonical embedding

B(G) = (X (T)g/We) " */F0) x 11(G) Gaigr/m,)

(where W¢ denotes the Weyl group of G) such that any representative b € LG(k) of a o-conjugacy class
maps to

e its Newton point in the first factor: See [Kot85 4.3] for its definition in the general setting and
[Kat79l section 1.3] or [Zin84, section 6.4] for the case of G = GL,,.

e its Kottwitz point in the second factor as defined in [Kot90), lemma 6.1], although written down
using the notation of [RR96) theorem 1.151)].

In [Kot97] and [RR96] even the image of this morphism is described.
Definition 4.1.3. Let (4, ¢,v) € X{5(S) (cf. |3.5.11) be a bounded global G-shtuka over some DM-stack

S with the fized characteristic places c¢;. Then its image under the composite

X2 (8) S T Shte, (8) —> [ Homeers(S, B(Ge,)) = Homaers (S, TLB(Ge,))

& 00) (s = ([£:9]))

gwes a canonical map [9]_ : S — [, B(G.,), where we assign to each point of S and each associated
local G, -shtuka its quasi-isogeny class.

Proposition 4.1.4. Fiz a DM-stack S over E again.
a) Let (G, ) € Shtg(S) be a local G-shtuka over S and v € B(G). Then the subset

Nigp =15 €8]Gl =v}CS

1s locally closed.
b) Let (4, ¢,1) € X45(S) be a global G-shtuka over S and (v;); € [, B(G.,). Then the subset

N’((?ZLW) ={seS[[¥=m)}cCS

18 locally closed.
In both cases these subsets are called Newton strata of S for the respective G-shtuka.
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Proof. The first part is an immediate consequence of the analogue of [RR96l theorem 3.6ii)] in equal
characteristic and can be shown (after the obvious translations) in the very same way. Note at this
point, that it suffices to check the assertion after an étale cover, allowing us to reduce to the case of
schemes S. The second part is a direct consequence of the first and the previous definition. O

Remark 4.1.5. For more properties of Newton strata see [HV11 section 7], where ) can be found
as well.

4.2 Central leaves in the moduli space of global G-shtukas

Given a global G-shtuka over a scheme S, we define the central leaf of S to be the locus inside a Newton
stratum where the associated local G-shtukas have fixed isomorphism class. This isomorphism class will
be given by P-fundamental alcoves.

Notation 4.2.1. For any integer n > 0 define the subgroup scheme I, C LTG by
I(8) = {g € Kn(S) | g mod 2" " € B(Os(9)[[2]]/ ("))} € Ka(S)
Furthermore for any subgroup H C G we denote
Iy=IoNLTH

Definition 4.2.2. Let P C G be a semi-standard parabolic subgroup, i.e. a parabolic subgroup containing
T but not necessarily B. Let M be its Levi subgroup and N its unipotent radical. Let N be the unipotent
radical of the parabolic subgroup opposite to P. An element b € W in the extended affine Weyl group of
G is called a P-fundamental alcove if

So(Inr) = Inr s ou(In) C Iy and  ¢u(ly) 2 Iy

where
¢p: LG — LG , g+b-o(g)-b!

Here we implicitly identify elements of W with representatives in LG.

Warning 4.2.3. This definition does not coincide with the definition [Viell, definition 6.1] (if G does
not split). There ¢y is replaced by the map

g—ob-g-b")

Therefore an element b is a P-fundamental alcove in our sense if and only if c=1(b) is a P-fundamental
alcove as in [Vielj|]. Nevertheless all properties of P-fundamental alcoves given in [Viel]|l are also valid
in our situation, either using the correspondence above or the very same arguments given in [Viell).
Of course one could formulate all following results using the definition [Viell, definition 6.1], but then
one would need a twist by o in the definition of the local G-shtuka in d), i.e. considering now
(L*Ge,,0(by,)0*). This would result in (even more) cumbersome notations later on as most of sections
[£-8 and[{.6] uses this local G-shtuka, but none of its specific properties. Moreover with view towards the
construction in the proof of proposition[].4.9, the given definition of a P-fundamental alcove seems to
be the more natural.

Remark 4.2.4. i) Neither P nor b can in general be defined over F,. We call an element a fundamental
alcove, if we do not want to specify the parabolic subgroup.

ii) By [Vield, theorem 6.5] (or for split groups by [GHKRIO0, corollary 13.2.4]) there is a P-fundamental
alcove (for some parabolic P) in each o-conjugacy class in LG(k) for some algebraically closed field k.
iii) For further properties of P-fundamental alcoves see [Vield, section 6]. In the case of split groups
even more can be said, cf. [GHKRI0, section 13] and [HVI12] remark 4.2].

Assumption 4.2.5. From now on assume always that for each v; € B(G,,) appearing in the definition of
the Newton stratum in consideration, there exists a fundamental alcove b,, € W in the o-conjugacy class
of v; which admits a representative in LG, (E) defined over E. We will usually fix such a representative
and call it by abuse of notation b,,, too.
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Notation 4.2.6. Throughout this section we fix the following data:

a) an n-tuple of characteristic places (¢;); in C.

b) an open subgroup U C G(A™(¢)) with support in D.

¢) an n-tuple (v;); € [, B(Ge,) of o-conjugacy classes.

d) for each v; a local G.,-shtuka (LT G.,,b,,0*) over E with b,, a fundamental alcove lying in the o-
conjugacy class v;.

Furthermore we make the following conventions:

e) We abbreviate X4, .= VEH}(C,G). Note that it is by theorem b) a DM-stack locally of finite
type over Spec E.

[) (Gymtv, v i) s the universal global G-shtuka over the stack X4;. It is given by a sheaf of
global G-shtukas over the category EtSch/X’é of schemes which are étale over XY}, (which form a basis
for the Grothendiqck topology). We will denote the evaluation of this sheaf on some S € EtSCh/X‘(} by
(g{anw’ (pzénw’ w;jnw) |S-

g) N[(]Vi) C XY, denote the Newton strata as defined in proposition .

Definition 4.2.7. Let S be a DM-stack over E and (¢, ¢,%) a global G-shtuka over S. Then consider

the subset
O G, buo™)i _ {s: Spec k — S geometric point, such that for alli}

Le.(9,0) xs5 2 (L1TGe,,b,,0%) Xspec E SPECk

Then the reduced stack with geometric points C(LTGejbu;o™)i (whose existence is shown in the next

proposition) is called the central leaf in S corresponding to the tuple (by,);.

In the case of S = X[ together with the universal global G-shtuka over it, we use the abbreviattion

CI(]W) for the corresponding central leaf. Note that central leaves depend on the chosen b,,, which are
not unique, not even (in general) in the fixed conjugacy class.

Remark 4.2.8. i) The isomorphism condition depends only on the image of 3, but not on the actual
choice of the geometric point.
ii) As Newton strata fix the quasi-isogeny class of the local G,,-shtukas at the characteristic places, we

have +
C(L Gci»buid )7 CN(DI)

where ") C S is the Newton stratum to (v;); € [[, B(G-,).

iii) Although we stated the definition of a central leaf in great generality, we will mostly use it in the
universal case.

iv) The condition for a global G-shtuka to lie in the central leaf depends only on the local behavior at
the characteristic places. In particular it does not depend on the choice of the level structure. v) A
similar definition of a central leaf for local G.,-shtukas was studied by Hartl and Viehmann in [HVI2]
86]. As the definition for global G-shtukas is based on the one for local G.,-shtukas, we will frequently
invoke their results.

Proposition 4.2.9. a) CI(]Vi) is closed in the Newton stratum N((in) C XZ%. In particular it is locally
closed in X};. In the following we endow C[(]W) with the reduced substack structure over E.
b) CI(JW') is a smooth DM-stack locally of finite type over E.

Proof. a) There is at most one reduced substack whose geometric points equal to the set given in m
Hence it suffices to show this over an étale cover. But over schemes, the arguments given by Hartl
and Viehmann in [HVIIl corollary 6.7] (together with their proofs of previous statements) translate
verbatim from split groups G, to the general case.

b) As already noted above X}, is representable by a DM-stack locally of finite type over E. By a)
Céyi) is locally closed in X{;, hence (endowed with the reduced substack structure) a reduced DM-stack
locally of finite type over E. Thus by generic smoothness (over perfect base schemes as in [Stal3l Tag
04QM], currently lemma 29.15.7) C((in) contains a smooth point (and even an open dense subset of
smooth points).

Now take any two closed points z; = (¥, 0;,1;) € (C") x g SpecF,)(F,) (for j = 1,2) and consider

for each the completion (C,(JW) x g SpecF, )% of (C,(JW) x g SpecF,) at x; as a formal DM-stack. Taking

o1


http://stacks.math.columbia.edu/tag/04QM
http://stacks.math.columbia.edu/tag/04QM

an étale cover by a scheme and comparing the completions, shows that (C((JV D % £ SpecF,)"\%i actually
exists as a honest formal scheme. By [AHléa, theorem 5.10] we have isomorphisms of local deformation
spaces (considered as formal schemes over F,)

Def(gjv@jv'wj) = HDef(gcz-(gjv@j))'

By definition of the central leaf this gives isomorphisms

Def(Gr¢1,¢1) = [ [ Def(LTGe,,by,0%) = Def(Ga, 02, 12)

3

which restricts to an isomorphism of formal schemes
(C((]”i) x g SpecF )"\t = (C[(]”'i) x g SpecF,)"*>

Thus C((]V D x E Spec Fq is regular at every point if it is regular at one point, which was just shown above.
In particular C((JV’) is smooth. (]

Remark 4.2.10. i) For split groups G and G., Newton-strata and central leaves are already defined
over F,. Although the Newton strata can be defined over I, even for non-split groups G, this is no
longer true for central leaves.

ii) Similar arguments as for a) show that central leaves exist as locally closed subschemes for any family
of global G-shtukas over an arbitrary DM-stack.

4.3 Completely slope divisible local G-shtukas

We recall the definition of a completely slope divisible local G-shtuka. Our notion (almost) coincides with
the notion ‘completely slope divisible in the sense of Zink’ as found in [HV12) section 5]. Furthermore
we show that over a connected normal scheme a local G-shtuka is completely slope divisible if its generic
fiber is completely slope divisible. The results of this section imply that the universal family over a
central leaf is completely slope divisible, c¢f. theorem [:3.13]

For a parabolic subgroup P C G, we will use the notion of local P-shtukas. These are essentially
given by replacing the reductive group G by P in the definition of a local G-shtuka. The main use of
local P-shtukas will be to pose natural conditions on isomorphisms between LG-torsors and thus on
quasi-isogenies between local G-shtukas. This allows us to isolate the ones that behave nicely.

Definition 4.3.1. Let G be a connected reductive group over Fy and P C G' a parabolic subgroup defined
over E (but not necessarily over Fy). A local P-shtuka over an E-scheme S is a pair (P, ) consisting
of a LT P-torsor P over S and a LP-equivariant o-linear isomorphism ¢ : c*LP — LP. Here LP-
equivariance means the following: o*P has an induced action of the group o* (LT P) = LT (0*P) (which
may differ from LTP). The same holds for induced LP-torsors. Hence we may as that the diagram of
ind-schemes

L(c*P) xg Lo*P —— Lo*P

commutes.

Definition 4.3.2. [HV12, definition 5.3] A local G-shtuka (G, ) over an E-scheme S is called com-
pletely slope divisible, if there exists a standard parabolic subgroup P C G (defined over E) with Levi
subgroup M C P and opposite parabolic P together with a local P-shtuka (P, @) over S, an inleger
s >0 and a G-dominant M -central cocharacter v' : G,,, — T (defined over F,) such that:

a) There is an isomorphism of local G-shtukas o : (G, ) — (P xL"P [+@, o xMPid L) over S.

b) z_”/w% restricts to an isomorphism oc**P — P of LT P-torsors over S. Here we view 2" via
LM(E) C LM(S) C LP(S) = Hom;5(LP,LP) as an isomorphism of the LP-torsor associated to P.
¢) M is the centralizer of the cocharacter v' in G.

The data (P,s,V, (P, ¢p),a) is called a complete slope division of (G, ).
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— — = -1 —
Remark 4.3.3. i) Via P — P xL"P [+G 2 G we will view P as a subtorsor of G. Furthermore
note that under this inclusion ¢z is just the restriction of a0 @ 0 o*(a) ™" to P.

ii) Consider a complete slope division (P, s,v’, (P, ¢5),a) of (G, y) and some positive integer N. We

claim that (P,Ns, Nv/, (P, ¢5),«) is again a complete slope division. Indeed we only have to check
that 2=V ga%s restricts to an isomorphism o*V¥P — P. To do so, write

N
L~ Nv @%S _ H Z—(N—])l/ (Z—V QD%)Z(N_])V
j=1

Because ¢/ is G-dominant, conjugation with z=* fixes P. Thus we get isomorphisms of local P-shtukas
Z—(N—j)u' (Z—V/w%)Z(N—j)V/ . O_*(N—j-l—l)sf N O_*(N—j)sf

NV’

and their composite z~ cp%s has the desired properties.

iii) Condition ¢) can always be satisfied by enlarging M and P and replacing the subtorsor P by its image
under the action of the new opposite parabolic subgroup. Nevertheless it seems convenient to require
c) as it is necessary for the following uniqueness result and will imply that the isoclinic constituents (cf.
are in some sense maximal.

iv) Note that the definition makes sense for every Borel defined over E (and not necessarily over F).
Consider therefore a Borel B’ = w.B obtained from B by the action of the Weyl group element w € W,
which we assume to be defined over E. Then a complete slope division (P, s,v/, (P, ¢5),a) w.r.t. B
yields one w.r.t B’ by conjugation of all constituents by w.

v) In the case of G = GL,, the analogy to complete slope divisibility of p-divisible groups is explained
in [HV12] proposition 5.4].

vi) We try to distinguish between o-conjugacy classes, usually denoted by v, and (multiples of) the
corresponding Newton point (which was defined in as the image of v under the map B(G) —
(X, (T)g/We) G k/Fa)) ysually denoted by /.

vii) As v/ is a constant multiple of the Newton point, which is defined over F,, there is no loss of
generality to assume that v/ is defined over F, and not only over E. Moreover as M is the centralizer
of v/, M is automatically defined over F,. Nevertheless we do not require this for P or for N.

Lemma 4.3.4. Let (G, ) be a completely slope divisible local G-shtuka over a scheme S. Then for fixed
s the complete slope division is unique up to unique isomorphism.

Proof. By condition b), %1/ equals the constant Newton point of (G, ). As we require v’ to be G-
dominant, it is uniquely determined. By c) the Levi M is defined by v/ and as P is standard we have
P = M - B. Thus it remains to check the uniqueness of the Lt P-torsor P and the isomorphism a:

It suffices to do this over each trivializing étale cover. Therefore we may assume (G, p) = (LTG,bo*).
Consider now two complete slope divisions (P, s, v/, (P;, ¢5;), ;) for i = 1,2. By viewing P; (for each
i) via a; as a subtorsor of G, we may identify it with L*P <% L*G for some element g; € LTG(S).
Then ¢, is identified with p;o* = g; 'bo*(g;)0* : ¢*LP — LP, where p; lies in LP(S). Define
go = g5 g1 € LTG(S). Then ps = gop10*(go) ™! and our main goal is to prove go € LTP(S). For any
integer N > 0 remark i) enables us to write (p;a*)N* = 2NV . j; n - 0*NS for some p; v € LTP(S).
Thus we get

—1 *)Ns

ZNUlﬁQ,NU*NS _ (pga*)NS — (gopla*(go) o )Ns

*Ns( 710,*Ns

= go(p1o*)V¥g5 " = go2™" p1,vo 5 (g0)

which rewrites as

2V g0z = Gy NN (go)Byly € LTG(S).

Because v/ is G-dominant, P is opposite to a standard parabolic and its Levi M is the centralizer of v/,
we get

M 2N LTG(9)=~ N = LT P(S)

N>0
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Hence in particular go € L*P(S) and we may define the isomorphism go : (LT P, p10*) = (LT P, pac™)
of local P-shtukas. This gives the desired isomorphism between the complete slope divisions. Uniqueness
of the isomorphism follows from the fact, that it has to fit into a commutative diagram

(P1, 951) ?WPQ)

(G, 9)

O

Lemma 4.3.5. Let (G, ) be a completely slope divisible local G-shtuka over S. Then the torsor G
trivializes over a pro-finite étale cover.

Proof. By definition (G, z_”/(gof xLP id;¢)*) is an étale local G-shtuka (where the Frobenius is taken
relative to Fy<). Thus this is a direct consequence of proposition m

Remark 4.3.6. In fact over central leaves, this pro-finite étale cover may be taken to be the tower of
Igusa varieties, cf. section [£.6] and proposition [£.6.14]

Proposition 4.3.7. Let S — S be any fpgc-morphism of schemes over E. Then a local G-shtuka
(G, @) over S is completely slope divisible if and only if its base-change (Ggr,ps:) to S’ is completely
slope divisible.

In particular this applies to S’ = Spec K — S = Spec K for any inclusion of a field K (containing E)
into an algebraic closure K.

Proof. Any complete slope division of (G, ¢) induces by base-change of the local P-shtuka to S’ one for
(Gs,ps). _ _
Thus assume now that (Ggr, @) has a complete slope division P := (P, s, v/, (P, ¢5), ). We will apply
fpge-decent to get a complete slope division over S: By the previous lemma there is an isomorphism
& priP — priP over S’ xg S’ between the pullbacks along the two projections pr; : S’ xg 8" — 5’
(onto the ith factor). Let pri; : 8" xg 8" xg 5" — 5" xg S’ be the projection on the ith and jth factor.
Then

pris(&) o pris(§) : prigpriP — prigpriP = prispriP — prigpriP
and - - - -

priz(§) : priapriP = prizpriP — prizpraP = progproP

are two isomorphisms between complete slope divisions over S’ xg S’ xg S’. Hence by the uniqueness
assertion of the previous lemma we get indeed pri;(€) o priy(€) = priz(€). Hence the decent datum & is
effective and defines a complete slope division over S. O

Remark 4.3.8. For the analogous result by Oort and Zink for p-divisible groups (at least in the case
of field extensions) see the remark in front of proposition 1.3 in [OZ02]. There it is noted that the
statement follows directly from the existence of slope filtrations for p-divisible groups over arbitrary
fields. We may define slope divisions for local G-shtukas by replacing conditions b) and c¢) in definition
by requiring that M centralizes the G-dominant Newton point. Then the same implication would
be true for local G-shtukas, but unfortunately the existence of slope filtrations is in general unknown to
us.

For our application to Igusa varieties we need to know whether complete slope divisions defined over
the generic fiber of a scheme extend over all of it. We first prove that at least the L™ P-torsor extends:

Lemma 4.3.9. Let S be a connected normal noetherian scheme over E and G be a LT G-torsor over S
with generic fiber G,. Let P C G be a standard parabolic subgroup, P its opposite parabolic subgroup and
P, a Lt P-torsor over the generic fiber of S together with a P-equivariant inclusion P, < G,. Then
the closure of P, in G defines a P-torsor over S.
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Proof. Obviously there is at most one P-torsor over S extending P,. Hence it suffices to prove the
assertion over an étale cover.

Assume first that S = Spec A is affine with A a DVR. As A is local and G isotrivial we may find a
connected finite étale cover S’ = Spec A’ of A on which (G, ¢) trivializes. Then A’ is again a DVR and
we may assume wlog. that G = LTG over S and P,, = Lt P,, < L*G, over the generic point. Let n > 0
and consider now LTP[n] = L*P/(K,, N L*P) C L*G[n] = L*G/K,. Then the data above induce
a Lt P[n]-equivariant inclusion L™ P[n],, = LTG[n], into the generic fiber of the trivial L™G|[n]-torsor
over S. This is equivalent to a morphism n — LT P[n]\L*G[n] over F,, where the target is a quotient
of group schemes over F,. This quotient is well-defined as L*G[n] = Resg, [[2))/(zn)/F, (G x Fy[[z]]/(z™))
is a linear algebraic group and the same holds for LT P[n]. Furthermore it is a projective variety as
being a parabolic subgroup is stable under restriction of scalars. Hence by the valuative criterion for
properness, this morphism extends to S — LT P[n]\L*G[n], i.e. gives a canonical LT P[n]-subtorsor of
L*G[n] over all of S which extends LT P[n],. As these subtorsors are by construction compatible for
different n, they give an inclusion LT P < L*G extending LT P, < LT G,,. It is now easy to see, that
the defined LT P-torsor is indeed the closure of fn.

Let us now consider the case of general connected normal noetherian base schemes S: By the previous
considerations over DVRs, P,, extends to each point of codimension 1. Then by normality of S, the
sections defining P in codimension at most 1 extend to sections over all of S. Hence P is indeed defined
over all of S. O

Remark 4.3.10. The idea of the first part is to consider ﬁn — G, as a point in the “proper scheme”
L"‘B\L"‘G to apply the valuative criterion. Nevertheless we do not know, whether the quotient
LTP\L*G = Jim Lt P[n]\L*G|n] exists as an infinite-dimensional quasi-compact proper scheme.

Theorem 4.3.11. Let (G, ) be a local G-shtuka with constant Newton point (and hence constant quasi-
isogeny class) over a connected normal locally noetherian scheme S. Then (G, @) is completely slope
divisible if and only if it is completely slope divisible over the generic fiber.

Proof. As the ’only if’ part is trivial, let us consider a complete slope division (P, s, v, (P, @fn)»an)
over the generic fiber. Cover S by connected normal noetherian open subschemes. Then the uniqueness
statement lemma implies that we may glue complete slope divisions over these open subschemes.
Hence we may assume wlog. that S is noetherian.

View again fn as a subtorsor of G, (the generic fiber of G). Then by the previous lemma, the closure
P of ﬁn defines a P-torsor over S. The remaining data are now easy to construct: We keep P, s and
' unchanged. The action of LT G on G gives (when restricted to P) a morphism P x LG — G, which

. L Consider now

factors over a morphism o~ ! : P xL"P L+G — G. This a~! extends by definition «
the morphism B B
aopocta o LP xIP LG — LP <P LG.

Because its restriction to the generic fiber gives a morphism between LP-torsors and because P C G is
closed, this defines an isomorphism ¢ : 0*LP — LP. By definition of ¢ the morphism « gives indeed
an isomorphism of local G-shtukas and not only of LT G-torsors.

We are left to show that 2= gp% restricts to an isomorphism between Lt P-torsors: It suffices to do this

. . . . ’ — / . — /
on some trivializing étale cover. Hence assume that 27" gp% is represented by z7" po*® for some element

p € LP(S) (with S = Spec A affine) whose generic fiber p, lies in LTP(K) for the fraction field K of
A. Furthermore choosing a faithful representation P — GL, lets us consider everything in GL,, and we
have to prove z~V'p € LTGL,(S) (for the precise argument see the proof of proposition . Thus
writing A = A[[2]]", A’ = A((2))" and A,, = K[[2]]" we may view 2~ po** : ¢**A’ — A’ and know that
it defines on the generic fiber an isomorphism (z”"p),]cf*S to* A, S A,.

We first show that 2= po** restricts to a morphism o*$A — A: Let by = 2~ po*(z~")~! and by =
o*(p). As the Newton point of p was assumed to be constant, the same holds for b; and by. Then we saw
in the proof of proposition that any element in End*(A,) which o-conjugates by, into by, extends
uniquely to an element in End*(A) (actually we showed this over a complete DVR, but the reduction
steps done in the proof of corollary work here as well). Applied to (z_”l p)y We see that it extends
to a morphism of A which coincides with z=*'p by uniqueness of the extension.

The bijectivity of 2= po** : 6*5A — A follows now quickly: We know that det(z~*'p) € A[[z]]NA((z))*
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as z~'p lies in End*(A). Furthermore (27*'p), is by definition an automorphism of A,. Therefore

det(27"'p) € KJ[[z]]*. Together this implies det(z"'p) € A[[z]]*, i.e. 27" po* defines indeed an
isomorphism. O

Remark 4.3.12. i) The analogous result for p-divisible groups (even over more general base schemes)
can be found in [OZ02, proposition 2.3].

ii) Note that the constancy of the Newton point is essential, because otherwise it would follow that
central leaves are not only closed in Newton strata, but closed in the whole moduli space.

Theorem 4.3.13. The local G-shtuka ( é‘"&”,(pg”?) associated (at the characteristic place ¢;) to the

universal global G-shtuka over the central leaf C((jyi) is completely slope divisible.

Proof. As complete slope divisions are unique, we may check this over an étale cover. So let .S be any
irreducible scheme étale over Cl(]w)7 let n € S be its generic point and 7 a geometric point with image 7.
The the pullback of (G"7, vu’'ty )|s to 77 is completely slope divisible by definition of the central leaf.
Hence by proposition it is already completely slope divisible over the generic point. Now theorem
4.3.11| implies that ( s @?"}}’H s is completely slope divisible over the smooth scheme S. a

In the theory of completely slope divisible p-divisible groups, one can define associated basic p-divisible
groups as the composition factors in the filtration given by the complete slope division. In the following
we explain the analogous constructions for completely slope divisible local G-shtukas. They will only
be needed as an auxiliary tool to deduce the representability of arbitrary Igusa varieties from the basic
case, cf. section [4.6)

Definition 4.3.14. a) A local G-shtuka (G, @) over a scheme S is called basic if there is an integer
s > 0 and a central cocharacter v' : G,, — G such that its Newton point is constant and equal to %1/.
b) A local G-shtuka (G, @) over a scheme S is called completely basic if there is an integer s > 0 and a
central cocharacter v' : G,,, — G such that z*’/gas restricts to an isomorphism o*°G — G over S.

Remark 4.3.15. a) In the case of G = GL,, and S = Speck for an algebraically closed field k, a local
G-shtuka is basic if and only if all its Newton slopes are equal.

b) Any completely basic local G-shtuka is basic: Indeed consider any completely basic (G, ) and
choose a geometric point T € S(k) (k some algebraically closed field). Then there is a trivialization
(G, ) = (LG, bzo*) such that 2= (bgo*)® = gzo** for some gz € LTG(k). By the Theorem of Lang-
Steinberg, which applies to the group scheme LG by [Vield, lemma 2.1] (for H = K = LTG and
g = 1), there is some ¢, € L*G(k) with gz = g-o**(¢)~!. Using that 2~V is central in G we get

gr  (bao")g = 2"
In particular the Newton point of bz equals %V’ .

Construction 4.3.16.

Let (G, ) be a local G-shtuka over a scheme S and (P, s, v/, (P, ¢5), ) a complete slope division for it.
Let M be the Levi subgroup of P or equivalently the Levi subgroup of P. Then the canonical projection
P — M induces the local M-shtuka

(M, o) = (P x2"P LT M, @5 x P idp )
This (M, o) is called the basic constituent of (G, ¢).

Proposition 4.3.17. Let (G, ) be a completely slope divisible local G-shtuka over S. Then the basic
constituent (M, o) is a completely basic local M -shtuka.

Proof. Fix a complete slope division (P,s,’,(P,¢5),a). Then v/ defines a M-central cocharacter
and by assumption z‘”lgpf\,l = z‘”lgp% xIPidpy - 0" LM — LM induces an isomorphism between
L+ M-torsors. O
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4.4 Iwahori-type structures on completely slope divisible local G-shtukas

Recall that a fundamental P-alcove b satisfies ¢p(Iar) = Inr, ¢p(In) € In and ¢p(Iy) 2 Iy for M C P
the Levi, N C P the unipotent radical and

¢p: LG = LG , g+ oalb-g-b71).

Assume that b, is a fundamental alcove in the o-conjugacy class v € B(G) and that (G, ¢) is a completely
slope divisible local G-shtuka over a scheme S with the property that its restriction to any geometric
point is isomorphic to the local G-shtuka (LTG, b,0*). Our aim is to construct a subgroup Iy(b,) C LTG
with the following two properties:

e There is a canonical Iy(b,)-torsor Zy over S together with an isomorphism Zy x%o®) L+G = @G.

e There is a sequence ... C I,(b,) C I,—1(b,) C ... C Ip(b,) of normal subgroups of Iy(b,) with
N, In(b,) = {1} and b, * - I,(b,) - b, C I, (b,) for all n.

We do not require that the I,,(b,) are open in L*G; in fact the I,,(b,) will only be open in LT Py, for
some parabolic subgroup Py, . For a comparison of Zy and its induced P}, -torsor and complete slope

divisions, see proposition
We will show later on in proposition that the universal local G-shtuka over the perfection of a
central leaf has a canonical Ij(b, )-structure.

Definition 4.4.1. Let b, € LG(E) be a P-fundamental alcove (for some parabolic P). Then define for
every n > 0 the subgroup of L*G defined by

Li(b,) = [ ¢n.(Kn) C LG.

N>0

Lemma 4.4.2. Let I,,(b,) be as in the definition. Then there is a parabolic subgroup P, C G and a
subgroup Qp, C Py, containing T such that (on each E-scheme S)

In(b,)(S) = {g € (K, N L¥ Py, )(S) | g mod 2" € Qu, (Os(S)[[2]]/ ("))}

In particular I,,(b,) is representable as a group scheme over E. Furthermore Py, and Qp, can both be
chosen independently of n.

Proof. Let r > 0 be an integer such that G splits over the extension Fyr of F, of degree r. Then o
acts on W (of order at most r) and we may view b, - ¢ € W x (5). Then ¢, is conjugation with this
element, taking the non-trivial o-action into account. Then by [Vieldl remark 6.2] b/, := (b, - 0)" =
by - o(by) - 02(by) - ... 0" Hb,) - 0" € W x () /o lies in the extended Weyl group Wy of M and
its M-dominant Newton point (wrt. the Frobenius o) is central in M. Let M, be the centralizer
of this Newton point and let P,, = P - M, with Levi M}, and unipotent radical N, . Then b, is a
P, -fundamental alcove (cf. [Vield] lemma 6.3] and its proof).

Choose now a further integer s > 0 such that b,* C X,(T) C W, i.e. we may write (b, - 0)"™ = 2*/¢"*
for some o"-invariant element v/ € X, (T'), which is then by definition a multiple of the Newton point
of b,. In particular ¢;*(g) = 2 -0 (g) - 2~¥". Thus denoting the parabolic opposite to Py, by Py, and
recalling that M, is the centralizer of v/, we get

ﬂ d)ﬁrs(Kn) — m ZNV/ . O_Nrs(Kn) . z—NI/ — ﬂ ZNI// . Kn . Z—Nl/
N>0 N>0 N>0
=K,N L+?b,, =K,N Lﬁby

We claim
rs—1

L(b,) = () b, (Kn N LPy,).
N=0

Indeed if g € In(i)y), then g € LP;, by the computation above. But as b, is a Py, -fundamental alcove,
we have ¢,-1(LPb,) = LPp,. Thus for every N > 0 we have ¢gVN(g) C K,NLP,, = K,NLtP,,.
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Conversely if g is an element of the right hand side and N = érs +¢ for § > 0 and ¢ € {0,1,...7s — 1},
then ¢, “(g9) C K, N LPy, by assumption and (bgf”((bgf (9)) C K, by the previous computation.
Therefore it suffices to show that for every N € {0,1,...,7s—1} there is a subgroup Q}Y C Py, satisfying

1Y (b,)(S) = Kn(S) N 6 (K N LPy, )(S)
= {g € (K N LP,,)(S) | g mod 2" € QY (Os(9)[[]]/(z"1))}

on E-schemes S. First note that it follows from I, C ¢, (I, ) that also I,,N LPy, C ¢y, (I,NLPy,)
(for the subgroup I, as defined in [4.2.1). In particular

Kn41 NLPy, CI,NLP,, C K, Ngp (KnNLPy,) = I (b,)

Hence it suffices to show
Ivlzv(bu)/Kn-&-l = (Kn N L+QIIJ\,[,)/K7L+1

for some Q)Y C Py,. With W x (o) = X, (T) x W x () write now (b, - o)~ = 2"~ -wy - oV for some
vy € X.(T) and wy € W. Then

K, N qbé\i (K, NLPy,)) =K, N 2N wy - O'N(Kn NLPy,) - w;[l SN
= K, N2 - (K,NLP, ) 2"~
=K, N (2 K, -2"N)nLP,

—N —
with Py == wy - NPy, - w;,l being another parabolic subgroup defined over E. But there is obviously
a parabolic subgroup Q¥ such that

(Kp N 2N - Ky - 27"N) [ Kpiq = (K, NLTQN) /Ky

Then Q) = QN N ﬁé\: has all desired properties wrt. IN(b,). Thus setting Qy, = (Va—q QY indeed
has all the properties asserted in the lemma. O

Remark 4.4.3. Fix any Borel B, inside P,, and consider the completely slope divisible local G-shtuka
(LTG,b,0*). By remark 4.3.3jv) it admits a complete slope division (P, s, v, (P,b,0*), @) with respect
to By, . Then by construction of P, and P (or rather their opposite parabolic subgroups), they coincide
as subgroups of G. We will show a much stronger comparison result in proposition )

Example 4.4.4. Assume that G = GL,, with the Borel B of upper triangular matrices and that the
fundamental alcove b, € LG(F,) is superbasic in the sense of [GHKROG, section 5.9], i.e. its o-conjugacy
class does not intersect any proper Levi subgroup. In particular b, is isoclinic and a fundamental alcove
for the parabolic P,, = G. Then b, has the form w- 2" for v/ = (a,...,a,a—1,...,a—1) € Z" = X, (T)
with some integer a appearing d times, and w € W = S, the permutation defined by shifting the indices
of the canonical basis of Z™ by d. Furthermore the condition superbasic implies ged(d,n) = 1 and that
w is a cyclic permutation of order n. Now an easy computation shows that @, = B and I,,(b,) = I,
are the subgroups defined in with respect to the Borel B.

Example 4.4.5. Assume now G = GL, with B the upper triangular matrices and b, = (13)(254) -
2(11,0:0.0) (jdentifying W = S5 via permutation matrices and X, (7) = Z°). Then an explicit computa-
tion shows:

* * * *
* * * * * * * * % *

Qbu = * C ?bu = * *
* * * * * * * *
* * * * * *

In particular P,, may be non-standard and the @), defined above may be not parabolic.

Lemma 4.4.6. Let b, be as before. Then I,(b,) is a normal open subgroup of Ig(b,) for every n.
Furthermore

Oy, (In (b)) € In(by).
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Proof. Consider any elements g € I,,(b,) and h € I5(b,). Then for any N >0
Op (W gh) =&, ()71 8, (9) - 0, (B) € 6 (W) 7H - K- 0y (h) € Ky

because qbb_uN(h) € Ko = LTG and K, is normal in Ky. Hence h=1gh € I,(b,).
The second assertion is obvious from the definition of I,,(b,). O

Definition 4.4.7. Let (G, ) be a local G-shtuka over a scheme S. Then (G,p) is called strongly
completely slope divisible, if it has a complete slope division (P, s,v', (P, pz), ) such that after passing
to a fpgc-cover of S, there exists an isomorphism (P, pp) = (LT P,b,0*) for some P-fundamental alcove

b, (whose o-conjugacy class v € B(G) has autonatically a Q-multiple of V' as Newton point).

Remark 4.4.8. We will frequently use pro-finite étale covers to construct such isomorphisms. In fact
any pro-finite étale cover is fpqc, because it is affine hence quasi-compact and faithfully flat as a limit
of faithfully flat morphisms.

Proposition 4.4.9. FEvery strongly completely slope divisible local G-shtuka (G,@) has a canonical
Iy(b,)-structure, for the element b, appearing in definition .

Proof. We define the underlying Iy(b, )-torsor as follows: Identify G = Isomp+g(LTG,G). Then each
g € G defines for every N > 0 a morphism

o* N —-N
g o Vee U 1 2 £ £ oV g

Define Zy C G as the fpqc-sheaf consisting of all elements g, such that gg\, restricts to an isomorphism of
L*G-torsors for every N. We have to see that Z is indeed an (étale) Iy(b, )-torsor. As Iy(b,) is smooth,
it suffices to check that Z; is a torsor for the fpgc-topology. But fpqc-locally we may fix an isomorphism

(P,¢5) = (LT P,b,0*) and under this isomorphism
Gy =00 N g (b0 ) =0 b))V () 0N (g) TN (0 = 6, (9)

Thus gg\, € Iy if and only if g € qﬁﬁ(L‘*G) for every N > 0. Thus under this trivialization, Zy gets
identified with Iy(b,) C L*G (viewed as trivial torsors for the respective groups). O

Remark 4.4.10. The word canonical in the statement means that for every two such local G-shtukas
(Gi, i) (for i = 1,2) with constant quasi-isogeny class v € B(G) and each isomorphism ¢ : (G1,¢1) —
(Ga, ¢2) the I(b,)-structures Zy; C G; satisty £(Zo1) = Zpa.

Proposition 4.4.11. Let (G, ) be a strongly completely slope divisible local G-shtuka over a scheme
S.

a) The Iy(b,)-subtorsor Iy of G from proposition induces a canonical local Py, -shtuka (fby,gpfb )
together with an isomorphism of local G-shtukas

@i (G,p) = Py, xE P LHG, o5, %P idg).

b) If By, is any Borel in Py, then (Py,, ¢35, ) coincides with the local Py, -shtuka defined by the complete
slope division with respect to the Borel By, (cf. remark[{.5.3iv))

Proof. a) We claim that we may just take the triple consisting of the P -torsor ﬁbL:: Ty xTo(bv) Lt Py,
viewed as a subtorsor of G, the restriction op, = 90|£(Io W10 L+ P, ) of ¢ to the LP; -torsor associated
to Zy x10(®) [+ P, and as a the isomorphism induced by the canonical inclusion Zg x®) L*P, < G.
The only non-trivial part is to show that (| L(Tox 10t [+By ) is well-defined.

For this consider some fpqc-cover S — S together with an isomorphism § : (G, p)s/ = (L*Ci b,0%)s.
Then by the previous remark £(Zos') = Io(by)s and hence &((Zo x™0®) LTPy )g/) = LTPy, g and
E(L(Zo xTo®) LT Py )g1) = LPy, g . In particular @l e(zox o+, ) 18 well-defined if and only if b,0*
is well-defined on LP,, ¢ . But this last statement is obviously true.

b) Recall that complete slope divisions are unique by lemma m Thus we check that the tuple
(Po,, 8,V (Py,, 5, ),a) (where s > 0 and v’ € X.(G) satisfy (b,0)® = 2") defines indeed a complete
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slope division. v’ is dominant in G wrt. By, by choice of B, and the Levi subgroup M, of P, is by
definition the centralizer of v/ in G. Thus it remains to see that z7% go%b restricts to an isomorphism of

L* Py, -torsors. We may check this locally. But locally ¢p, 18 just given by b,0* and hence 2V go%b
turns out to be the identity. O

Remark 4.4.12. In particular the Iy(b,)-torsor Zy already contains all the information about the
complete slope division.

4.5 Igusa varieties over basic strata

In the world of abelian varieties and associated p-divisible groups, their p™-torsion define finite flat
group schemes, called truncated BT-groups. In particular the sheaf of isomorphisms between two of
them is representable by schemes. These moduli schemes are (the building blocks) of Igusa varieties, as
described in [Man04, section 3] or [Man05, section 4].

Our aim in this section is to define similar schemes of isomorphisms for local G-shtukas. One way
to do this, is to define “H,-truncated local G-shtukas“ (depending on a subgroup H, C L*tG) as in
remark V) and study their isomorphisms by embedding them into isomorphism schemes between
finite schemes. However this approach works only in the case of basic completely slope divisible local
G-shtukas.

To get a moduli description for such schemes over any central leaf, we give an ad-hoc definition of
H,-truncated isomorphisms. Although it can be (and is) written down in great generality, we do not
claim that it gives sensible objects in general. Rather it is tailored to the situation of completely slope
divisible local G-shtukas. Whenever these moduli problems are representable, the scheme representing
them is called an Igusa variety, analogous to the situation in mixed characteristic.

As the existence of Igusa varieties contains a few subtle points, we only deal with the general case in
the next section (cf. theorem , and stick to the basic case for now.

We fix some semi-standard parabolic subgroup P C G and a sequence ... C Hyy1 C Hy C ... C Hy C
LTP C L*G of open subgroups of L*P such that each H; is normal in Hy. The prototypical example
for such subgroups is

Hy=KyNLtP={gc LTP|g=1mod 2%}.

In fact in all applications the subgroups Hy are either K4N L™ P, or the Iwahori-type subgroups 14(b, ),
which were defined in the previous section [4.4

Note that in all cases the quotients Hy/H, exist as linear algebraic groups and any element in Hy/Hg(S)
(for some scheme S) can be lifted to an element in Hy(S) by [HV12] corollary 2.2].

Definition 4.5.1. a) A local G-shtuka with Hy-structure is a quadruple (G, H, p, 8) consisting of a local
G-shtuka (G, ), an Hy-torsor H and an isomorphism 3 : H xHo LYG = G. Most of the time we will
abbreviate the notation and simply write (H, ) assuming wlog. that G .= H xHo LT G and B = id.

b) A quasi-isogeny between two local G-shtukas with Hy-structure is a quasi-isogeny between the local
G-shtukas obtained after forgetting the Hy-structure.

¢) An isomorphism between two local G-shtukas with Hy-structure is an isomorphism between usual local
G-shtukas which descends to an isomorphism between the respective Hy-torsors.

Remark 4.5.2. Note that we do not require that the Frobenius-isomorphism ¢ comes from an isomor-
phism of LP-torsors associated to the Lt P-torsor H xHo LT P.

Let S be any scheme (or more generally DM-stack) over Spec E and H and H’' be Hp-torsors over S.
Denote for any integer d > 0 by Hq respectively H/; the associated Hy/Hg-torsor coming from the
canonical morphism Hy — Hy/H,. We will use the following stacks over S:

Isom(#,H’) the stack of isomorphisms o : Hg — H', of Hy-torsors over S-schemes S’.

Aut?(#) the substack of Aut(#H) = Isom(#,H) of isomorphisms which induce the identity on the
associated Hy/Hg-torsor Hg.

Isomd(?-l7 H') the stack of isomorphisms o : Hqg — H}, g of Ho/Hg-torsors over S-schemes S’.
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Then Aut?(#) and Aut?(#’) act faithfully on Isom(#H,H’'). Note that both actions have the same
orbits. Indeed for all a € Isom(H,H')(S") and ¢ € Aut?(H)(S") we have

a-p=aop=(aopoatoa=(aopoat) aeAut(H)(S) - a.
Consider now the canonical morphism
Isom(H,H') — Isom®(H, H')

Tt is surjective (as over a trivializing étale cover it is simply given by the projection Hy — Hy/H,,) and
has as fibers the Aut?(#)-orbits. Hence we have canonical isomorphisms

Tsom?(H, ') = Aut®(H')\ Isom(H, H') = Isom(H, H')/ Aut®(H) =: Tsom(H, H')[d]

(where we view the quotients as quotients of étale sheaves). In particular any ag € Isom(H, H' )(S)
may be represented after an étale cover S’ — S by an element a € Isom(#H, H')(S’) such that for the
two projections pry,pro : S’ xg 8" — S’ we have

pri(a) € Aut?(H)(S" x5 8") - pri(a) - Aut?(H)(S" x5 S").

Definition 4.5.3. A H, -truncated isomorphism between two local G-shtukas with Hy-structure (H, @)
and (H',¢') over S is an element og € Tsom®(H, H')(S) such that there is a representative o : H — H'
over some pro-étale cover S’ — S, which is compatible with the Frobenius-isomorphisms, i.e. it satisfies

aopoatat € Aut!(H)(S) - ¢ - Aut?(c*H)(S").

Then define the functor Iggj o), (H ) OT the étale site S¢ by

Hg

18037 o).(1r o) (T) == {Ha-truncated isomorphism a : (M, ) — (H', " )r}

for any (T — S) € St

Remark 4.5.4. i) We require the compatibility with the Frobenius-isomorphisms only for one repre-
sentative o of aig. But one easily sees that this implies the compatibility for all representatives over any
sufficiently large pro-étale cover.

ii) If g € Tsom®(H, H')(S) is an Hy-truncated isomorphism, then so is o, ' € Tsom(H;, Ha)(S). Normal-
ity of the subgroups H, gives that compositions of Hy-truncated isomorphisms are again Hg-truncated.
iii) By definition of H4-truncated isomorphisms, Igg{z,w),(ﬂ’w’) is obviously a sheaf for the étale topology.
iv) Truncated isomorphisms can be seen as isomorphisms of objects, which may be called Hy-truncated
local G-shtukas with Hy-structure: Define them to be triples

(Ha, [H], Aut?(H) - ¢ - Aut?(c*H))

consisting of an Hy/Hg-torsor Hg over S, an isomorphism class of lifts [H] of Hq to an Hp-torsor and
a double coset Aut?(H) - ¢ - Aut?(0*H) associated to a Frobenius-isomorphism ¢ : 0*£G — £G. The
last constituent is well-defined as changing the lift 7 within its isomorphism class only changes the
Frobenius-isomorphism ¢ by an element in Autd(H) and the same applies to the choice of ¢*H within
its isomorphism class of liftings of 0*H4. Furthermore note that [H] may not be determined by Hg,
which can be seen from the cohomological description of deformations as worked out in [Heil0l proof of
proposition 1]) in the case of Hy = K.

The natural notion of an isomorphism

o (M, [H], Aut®(H) - ¢ - Ant?(o*H)) — (H, [H'], Awt?(H) - ¢’ - Aut(oc*H'))

between two H,-truncated local G-shtukas with Ho-structure would be an element o € Isom(Hq, H/;)
such that étale locally any representatives H € [H], H' € [H'], & € Isom(H,H'), ¢ € Isom(c*LH, LH)
and @' € Isom(c*LH', LH') satisfy after a further pro-étale cover

atogd oo*a e Awt(H) - @ - Autd(c*H).

61



This condition is equivalent to requiring that it holds (pro-étale locally) for one choice of representatives.
Therefore assuming that both truncated local G-shtukas came from fixed local G-shtukas with Hp-
structure (H,¢) and (H’',¢’), this implies that the set of isomorphisms between the Hy-truncated
local G-shtukas with Hy-structure can be canonically identified with the set of with Hg-truncated
isomorphisms between (H, ¢) and (H', ¢’).

v) If we assume that the Frobenius-morphisms are already defined over the integral level, i.e. ¢ €
Isom(c*H, H)(S) and ¢’ € Isom(c*H', H')(S), an Hy-truncated isomorphism oy : (H,¢) — (H',¢')
can be described in terms of Hy/Hg-torsors: Let Hq and H) be the Hy/Hgy-torsors associated to H
and H’', then ¢ and ¢’ induce Frobenius-isomorphisms ¢4 and ¢/, of the Hy/Hgy-torsors. Thus under
the isomorphism Isom(#,H')[d] = Isom(Hq4, H}) a truncated isomorphism ¢ is nothing else than an
element a, € Isom(Hq, H})(S) satisfying a;' o ¢/, 0 0*aq = g as an equality of morphisms between
Hy/Hg-torsors. Note that this last condition is satisfied pro-étale locally on S if and only if it is satisfied
over S, hence in this case we can omit passing to suitable covers.

Before actually proving the representability, let us first consider the easiest case, namely when the
local G-shtukas are already trivial.

Lemma 4.5.5. Let b, be a fundamental alcove, (H, ) a local G-shtuka with Iy(b,)-structure over a
scheme S and

ag: (H,p) = (I(by),b,0™)

a Iy(b,)-truncated isomorphism which admits a representative o : H — Io(b,) over an étale cover
5" — S. Then Aut®(Iy(b,))(S") = I4(b,)(S") and

aopootal €idgyp,) byo” - Ta(by)(S)

without passing to a further pro-étale cover of S’.

Proof. Aut?(Io(b,))(S") = I4(b,)(S") is obvious. As (b,0*) ' I4(b,)(b,o*) = qSl:Vl(Id(b,,)) C I4(b,) we
have for each scheme S” the equality

Aut?(Io(b,))(S") - byo™ - Aut? (0" I(b,))(S") = La(b,)(S") - byo™ - La(b,)(S")
=byo" - Iy(b )(S”)
= b,o* - Aut?(c*Io(b,))(S").

Thus the element (b,0*) " toaopos*a~™! defines an element over S’ which lies after passing to a suitable
pro-étale cover in the sheaf Aut?(c*Io(b,)). Hence it lies already in Aut®(c*Io(b,))(S"). O

Lemma 4.5.6. Let b, be a fundamental alcove. Then for the local G-shtuka with Iy(b,)-structure
(Io(b,),b,0*) over Spec E the functor Igfjﬁ?l’)’y))’b o) (To(bo) buo) O Iy(by)-truncated automorphisms is
representable by a finite disjoint union of points isomorphic to Spec E. In particular it is a finite étale
Galois-cover.

Proof. Let S’ be any E-scheme. Then any element o, € Igﬁg:; Io(by)(S’ ) can be represented by an

isomorphism « of Iy(b,)-torsors over S’ (without passing to any cover). Thus by the previous lemma it
satisfies a0 b,0* o o*a € b,0* - I4(b,)(S’). Denoting representatives of elements g € In(b,)/I4(b,) by
g € Iy(b,) we get

18(5 ) ooy ooy oy (1) = {0 € To(B)/Ta(b,) (8') [ (buo) ™57+ (b,0) - € La(b)(S)}

={g € Lo(bu)/1a(bs) (S") |83, (971) - g = 1 € Lo(b)/1a(bs)(S")}

= ker(Ly, : Io(by)/1a(by) — Io(b,)/Ta(b.))(S")
where Ly, : In(by)/Iq(by) — Io(b,)/14(b,), g — qﬁb_ul( 1. g. Hence Ig(‘;((b)) byo).(Io (by) buo) 1S TEPTE-
sented by ker(Ly, : In(b,)/I4(b,) — Io(b,)/Ia(by)). But Iy(b,)/I4(b,) is a linear algebraic group and
by the Theorem of Lang-Steinberg applied to L;, its kernel is indeed finite étale over E.

Note now that the Igé}é? )) by, (To (b ) by ™) is a group scheme (by composition of isomorphisms) and
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consider its identity component. As it is finite étale over Spec FE, it has to be the spectrum of a field.
Furthermore it contains an FE-valued point, namely the identity. Hence the identity component is iso-
morphic to Spec ¥ and by the group scheme structure, Ig(I;O(?gV)) buo ), (To (by),bw o) is a finite disjoint union

of points isomorphic to Spec F. O
Remark 4.5.7. Note in particular that we do not yet assume b, to be basic in this lemma.

Proposition 4.5.8. Let (G, ) be a local G-shtuka over a connected E-scheme S, which is completely
slope divisible with s = 1 and has a basic Newton point v. Then Igf;dw) (LG byo*) is representable by a
finite étale cover over S.

Proof. Being completely slope divisible for s = 1 implies that the fundamental alcove b, = z" is central
and that we may write ¢ = 2Y¢ for some isomorphism ¢ : ¢*°G — G. Because z" is central, any
a: (G, p)s — (LTG,b,0*)s: (over some scheme S’ — S) also defines an isomorphism « : (G, @)s: —
(LTG,0*%)g: of local G-shtukas and conversely. Hence we get an isomorphism

K, ~ 1K
et anons = 8@ e L Gom)s
Now we are in the étale setting and by remark ) we have an isomorphism
180" ) (1t Gromys = Auts((Ga, @), (LYG/Ka,0%)s)
Furthermore the discussion in section yields an isomorphism
Auts((Ga, 7). (L*G/Ka,0%)s) = Auts(G], (LY G/Ka)g)

where the right-hand side is representable as an isomorphism scheme between two finite schemes.

We now show that it is a finite étale cover with Galois group Autg((LTG,b,0*), (LG, b,0*)). It suffices
to check this fpqc-locally, i.e. on completions of S along geometric points . By Cohen’s structure
theorem on complete local rings (cf. [Coh46, theorem 9]) we may endow S”* with a structure of a
F,-scheme. Thus by [HVT1I proposition 8.1] we may trivialize the restriction of (G, ¢) to S"%, hence get
an isomorphism between Igé‘f¢)7(L+G7bW*) and Ig(ljzd+c,b,,a*),(L+G,b,,g*) over it. b, being central implies
Iy(b,) = LT G and I4(b,) = Kg, hence finite étaleness follows from lemmam O

Proposition 4.5.9. Let (G, ) be a completely slope divisible local G-shtuka over a connected E-scheme
S, with basic Newton point v. Let b, be a fundamental alcove.
a) (G, ) admits a canonical Iy(b,)-structure Ty.

b) Ig(léf)l?;))ﬂo(bu)’bw*) is representable by a finite €tale cover over S.

Proof. a) By proposition it suffices to show that the local G-shtuka is strongly completely slope
divisible, i.e. admits a trivialization after a fpqc-cover. Assume wlog. that G = LTG is trivial.
We first prove that (G, ¢®) admits such a cover, where s is the integer defined by the complete slope
division. (G, ¢®) satisfies the properties of the previous proposition (using the ¢*-Frobenius for o),
hence admlts finite étale covers by Igusa Val“letleb As they parameterize isomorphisms Gq — LTG /Ky
respecting °, their inverse limit S : lgl 4 Ig(g ), (L+G,(byo™)®)s parameterizes honest isomorphisms

(G, ¢%) = (LTG, (byo*)*)s. It is a pro-finite étale cover, hence fpqc.

Call the universal isomorphism o : (G,¢*)s — (L*G, (byo*)®)s. Then apo*a™t : o*LTG — LTG
satisfies by construction (apo*a™1)* = (b,0*)*. However the elements b’ € LTG satisfying (b'o*)* =
(b,0*)* are discrete, because they satisfy b'o*(b,0*)* = (0'o*)*T1 = (b,0%)% - o*T1b. In particular
the locus S° in S where o defines an isomorphism (G,¢) — (LTG,b,0*) is open and closed in S.
In particular S° is still fpqe over S. It remains to see surjectivity of S — S. But over geometric
points, there exists some isomorphism o : (G,¢) — (LG, b,0*), giving a point in S by its moduli
interpretation, which then lies in the subset SO,

This proves the existence of a canonical Iy(b, )-structure Zy on (G, p).

b) We proceed in a very similar way: There is a canonical embedding

La(by) d Ka
Ig(%o,tp),([g(by),byo'*) C Isom (IO’IO(bV)) XIsomd(G,L+G) Ig(gciapS),(LJrG,(b,,o*)S)s .
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On the first factor it forgets the compatibility with ¢, and on the second factor it forgets the compatibility
with the Io(b,)-structures and remembers only the compatibility with ¢®. We claim that this is a
closed immersion. Indeed locally the right-hand side is given by {g € Io(b,)/I4(b,)|(gpc*g~t)* €
Ka(b,0*)*K,}, while the left-hand side is {g € Io(b,)/14(b,) | gpo*g™ € I4(b,)b,I4(b,)}. But the
double coset I4(b, )b, 14(b,) is closed in L7 (K4 (b,0*)* - K,4), where Ly : LYG — LT G, g+ (9o*)*. So

the Igusa variety Igg%((]{’;gw( To(bo)byo™) is indeed representable as a closed immersion in the fiber product
above.

The proof that it is finite étale is verbatim the same as in the previous proposition. O

4.6 General Igusa varieties over perfect central leaves

Unfortunately Igusa varieties over non-basic central leaves do not exist as finite étale covers, as the
existence of such Igusa varieties implies the triviality of any deformation of the associated local G-
shtukas. However this problem vanishes over perfect base schemes, because there the local G-shtuka is
induced from a basic local M-shtuka for some Levi subgroup M, as shown in proposition This
allows us to define Igusa varieties over the perfection of arbitrary central leaves in theorem [£.6.9]

Lemma 4.6.1. Let (G, ) be a completely slope divisible local G-shtuka over a quasi-compact scheme
S, with constant Newton point v. Denote its basic constituent by (M, pr). Then for all d > 0 there
exists some Ng > 0 such that there is a Kg-truncated isomorphism

oq J*Nd(g,go) — U*Nd(M,cpM).

Here 0*Na (M, ppq) denotes the local G-shtuka with Lt G-torsor o*Ni M xITL"Mi[+G and the Frobenius-
isomorphism induced by o*Nippg : o* N LM — o*NaL M.

Proof. Using the canonical Lt P-structure on completely slope divisible local G-shtukas, it suffices to
prove the statement only for local P-shtukas (P, ). So choose a trivialization (P, ) = (Lt P, ) over
some étale cover. Then pr € LM and by construction ¢ - (pf\,} € LR, P lies in the unipotent radical.
We claim that for sufficiently large IV, Z_N”,gpgo/_\ij”/ lies in LR, (P) N Kg4. It suffices to check this
on root subgroups U, € P. There conjugation with z equals multiplication with z<‘17”’/>, where
(a, —v"y > 0. Hence any element in LU, can be conjugated by >N into LU, N K, for sufficiently
large N.

Moreover 2~ NV pp it 2NV = =NV NV o because ¢4 lies in LM, which is the centralizer of v/
So the claim above implies that id : (P, 2~ V" pzN"") = (M, o) is a K4-truncated isomorphism.

But then we can just set Ny = N - s and define oy as

—Nv' Ns . Nv/

—Ns
aq: o NP, o) Tty (P, 2V 02N 1 (M, ppd) 2 0t N (M, o)

because z’N”/goNS is an isomorphism and so are its component (z*N”/wNS)M = zN”/gox,th. As our
definition of g does not depend on choices made locally, i.e. only on the choice of Ny, all these ay glue
together to a K4-truncated isomorphism already over S. O

Remark 4.6.2. Analogous to [Man04, lemma 4.1], the constant N4 can be made explicit, though we
will never need this. In fact, if the local G-shtuka is bounded by some p, then Ny can be chosen to
depend only on d and p.

Lemma 4.6.3. The Kg-truncated isomorphisms ag defined in the previous lemma do not depend on
the choice of Ny in the following sense: The two Kg-truncated isomorphisms

oy = (ZNV'SDXANS) o (Z—N,/(PNS) . 0*(N+1)8(g’90) - U*(N+1)S(M,QDM)

and
o) = (Z(N+1)V SQX/ENH)S) o (Z—(N+1)u (p(NJrl)S) : U*(N+1)S(g7¢) N a*(NH)S(M,goM)

coincide.

64



Proof. Using that z¥" commutes with VA, One computes:
o) Og*sa;1 _ (z(N+1)y’SD;/$N+1)s) o (Z—(N-i-l)u’(p(N-i-l)s) ° (Z—NV/QDNS>*1 S (ZNV/SDXANS)*l
_ (z(N+1)u/SO.X/$N+1)S> o (Z—(N—i-l)u’(psZNu’) o (ZNU/SO.X/INS)71

(ZNVISDX/(NS) o (Zulwx/f) o (Z—(NH)V’SOSZNV’) o (ZNV/cpJ_MNS)_

’ ’ ’ ’ -1
— (ZNV SDXANS) o (ZfNu @E@SZNV ) ° (ZNV SDXANS>

’ . .
NV" one obtains an element in K. Then

But ¢ {¢® is an element in LT R, P, so after conjugation with z
further conjugation with the isomorphism 2z~ ”/<pj_le % preserves this property. Hence o, o J*Sogl is the

identity in the category of Kg-truncated isomorphisms, i.e. o/, = 0*%ay O

Definition 4.6.4. A scheme S over F, is perfect, if the absolute Frobenius is surjective on S. The
perfection S* of a scheme S over F, is given by @U S.

Remark 4.6.5. Basic properties of the perfection functor are given in appendix A of [Zhul4].

Proposition 4.6.6. Let (G, ) be a completely slope divisible local G-shtuka over a perfect scheme S,
with constant Newton point v. Denote its basic constituent by (M, par). Then there is a canonical
isomorphism

a:(G,¢) = (M, prm)

Proof. As we are over a perfect scheme, the Frobenius defines a canonical isomorphism (G, p)
(6*G,0*p). Thus we may consider the sequence (0*"Nia,)y of truncated isomorphisms from (G,
to (M, pa), where the ag are the Ky-truncated isomorphisms defined in lemma By lemma |4.6.3]
o* Nat1a4, 1 coincides with o*~Nea, when both are considered as Ky-truncated isomorphisms. Hence
their limit defines a honest isomorphism « : (G, @) — (M, o) as claimed. O

1

~

Proposition 4.6.7. Let (G,¢) be a completely slope divisible local G-shtuka over a perfect E-scheme
S, with Newton point v. Let b, be a fundamental alcove.
a) (G,¢) admits a canonical Io(b,)-structure Zy.

b) Ig(léilj;))7(jo(bu)7bua*) is representable by a finite étale cover of S.

Proof. Over the perfect scheme S, choose an isomorphism (G, p) = (M, o) to its basic constituent.
Then the basic constituent can be trivialized after a pro-finite étale cover by the existence of Igusa
varieties in the basic case. Hence (G, ¢) is strongly completely slope divisible and by proposition m
admits an Iy(b, )-structure Zy.

For the second part note that it suffices to prove this after an étale cover. By proposition [£.5.9] the Igusa
variety for the basic constituent (M, ¢ ) defines a finite étale cover over which there exist truncated
isomorphisms (M, pr) = (LT M, b,0*), respecting the Iwahori structures for M on both sides. Then

(G,9) = (M, om) = (LTM,by0") = (LG, b,07)

is an I;(b,)-truncated isomorphism, because I;(b,) contains the the Iwahori-type subgroup for the Levi
subgroup M. Then composition with this truncated isomorphism defines an isomorphism

Id(bU) ~ Id(bu)
8(Zo.0).(To(bu) bu ™) = L8(To(b0)bu™),(Io(by) buo™)’

where the right-hand side is representable by lemma It is finite étale by the very same lemma. [J

Id(bu)
(Zo,¢),(Io(by) by o™
constituent. The main difficulty to prove this is to show that any I;(b,)-truncated isomorphism « of

local LT G-shtukas has a representative respecting the basic constituent, which is unique up to changes in
the Iwahori-type subgroups I4(b,;) of the Levi M. One can see this in the following way: By proposition
[4:6.13) one may lift v after a pro-finite étale cover to an actual isomorphism. This isomorphism respects
then the basic constituent and any two such lifts differ only by an element in the Iwahori-type sungroup
of M. This defines the desired representative after a pro-finite étale cover, which by uniqueness descends
to the representative over the original basis.

Remark 4.6.8. Actually one can show that Ig ) equals the Igusa varieties of the basic
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Theorem 4.6.9. The universal local G-shtuka ( g”{}’,cp}j"}}’) over the perfection C[(}’i)ﬂ of the central
leaf admits a canonical Io(b,)-structure U .

Moreover Lib.)
dg . d(by;
lg.; v = Ig(sz;fz'}’,<pz:i}’),(10(b,,i),byia*)cgj
is relatively representable by a finite étale cover ofC((]”i)ﬂ, It is called the Iqusa variety of level d associated

to the characteristic point c;.

Proof. By theorem |4.3.13| the universal local G-shtuka over the central leaf Cé’ji) is completely slope
divisible, hence the same holds after pullback to the perfection. Thus all properties follow directly from
the previous proposition. O

Corollary 4.6.10. There exists a finite étale cover IgfﬁU over CI(JW), whose perfection is Iggf U

Proof. This follows immediately from the general result [Zhuldl proposition A.4] on perfections. O

Warning 4.6.11. Igi,U has no longer any moduli description. In particular it does not represent
I4(by)-truncated isomorphisms (T2, 4"}) = (Io(by,), by,0%)c,, over the central leaf.

Lemma 4.6.12. Let Ly, : Io(by,) — Io(bu;), g — ¢b_,/1 (g71) - g. Then for every d > 0 the short exact
sequence of linear algebraic groups over E

0— Id(byi)/Id+1(bV'i) - Io(bw)/ld-l‘l(bl/i) - IO(bVl)/Id(bUz) —0
induces a short exact sequence of finite group schemes over Spec B
0 — ker(Ly,, only(by,)/Ia+1(by;)) — ker(Ls,, onlo(by,)/Lat1(by,)) — ker(Ly, onlo(by,)/Ia(by,)) — 0.

Proof. The assertion follows directly from the snake lemma using the surjectivity of Ly, on the group
I4(by,)/I4+1(by,). For this note that while the category of all group schemes is not abelian, the proof of
the snake lemma still works in this situation by normality of the subgroups in consideration. O

Proposition 4.6.13. For every d > 0 the canonical morphism

d+1
Igcj,_Uﬁ - Igci,U

is a finite étale cover with Galois group ker(Ly, on Iy(by,)/Ia+1(by,))-

Proof. Any I11(by,)-truncated isomorphism defines an I(b,,)-truncated isomorphism: View it as a
morphism between Iy(b,,)/I4+1(by,)-torsors and take the induced morphism between Iy(b,,)/I14(by,)-
torsors. This defines a canonical morphism

d+1 d
IgC:Uﬁ — Igcf’U .

This morphism is compatible with the projection to the central leaf, which is finite étale by theorem[4.6.9
Hence the morphism between Igusa varieties is finite étale as well and it suffices to check surjectivity.
As all stacks are reduced, we may do so over geometric points of C[u]. There both local G,-shtukas are
trivialized and by lemma the Igusa varieties are given by ker(Ls, on Io(by,)/la+1(by,)) respectively
ker(Lp, on Io(by,)/la(by;). Hence the transition map is surjective by the previous lemma. From there
we get the description of the Galois-group as well. g

Thus we get a tower (Igffﬂ) of Tgusa varieties with finite étale transition maps. In particular Igji% =

@ 4 IggiU exists as a DM-stack, although not of finite type over C((in)ﬁ.

Proposition 4.6.14. IgijU is the moduli space representing the functor

S+ {isomorphisms o : (G274} X oot S — (LTG,,,b,,0%) xg S}

on the category of schemes S over Cg’i)u.
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Proof. In other words, we have to check that on schemes S over C((JV i)ﬁ, Iggf’ﬁU (S) identifies with the set

of isomorphisms defined in the statement.

Assume we have an isomorphism « : ( é‘"{}’, @?"}}’) Xowirp S — (L*Ge,,by,0*) xg S. Then by remark
U

4.4.10 it respects the Iy(b,,)-structures on both sides and hence gives for each d > 0 an I4(b,,)-

truncated isomorphism ay € Iggﬁyfj £, (To (b ) b ‘U*)(S) = Iggf,U(S). Obviously they define a point

Pe; U
in 1%, (S) = lim, Tg?* /(S)
Conversely assume we are given an element in IggiﬁU(S ), i.e. a system of I;(b,, )-truncated isomorphisms
ag. We first claim that these glue to a morphism between Lt G, -torsors: By definition of truncated
isomorphisms we may view

aq € Isom((IZ’}f]” X s S) xTo®wi) 15(b,,.)/14(by,), Io(by,)/Ia(by,) x5 S)

as an isomorphism between Iy(b,,)/I4(b,,)-torsors. To describe the gluing procedure precisely, note that
ag also gives an isomorphism between Iy(b,,)/K4-torsors and then on induced LT G., /K 4-torsors:

Qg (gg’f}}’ Xcl(l[ui)n S) XL+GCi LJFGCi/Kd — L+Gci/Kd XF, S.

This can be viewed as an isomorphism of corresponding G.,-torsors over S x i Spec E[[z]]/(2%). There it
is obvious that they glue to a morphism of G-torsors ae = lim  ag over 5 x g Spf E[[#]]. But translating
backwards, this is nothing else than a map

o G XC[(}"')” S — LTG,, Xg, S.

Next we check compatibility with Frobenius-isomorphisms: By assumption (together with remark
4.5.4)i)) there is for each d a pro-étale cover S/, — S such that

univ

Qoo ety 0 oo € La(by,)(Sg) - bu,0™ - Ta(by, )(S7)

using «, as a representative of ay. But by lemma this holds already for S/, = S. Thus using

m Id(blh)(s) ’ bl’iJ* ’ Id(blh)(s) = n bVia* ’ Id(bvi)(s) = bVia*

d>0 d>0

we get indeed a! - 9010””” C 0 Qoo = by, 0. ]

Definition 4.6.15. Fix for every characteristic place c; a positive integer d;. Then the global Igusa
variety is

(di)t ._

dif dat dnf
Igy; Ig.. v Xc,(}”i’” Ig.>"y ><C<um . xc(um Ig."

() _, ol

As a direct consequence of the statements above, Ig;; is a finite étale cover. Furthermore

the limit for growing tuples (d;) represents the functor

univ unzv)

S+ {for each ¢; an isomorphism «; : (Gt , @ S — (LYG.,,by,0%) xg S}

clri

on the category of schemes over Cé"i)n.

5 A covering of the Newton strata
We construct now a finite morphism

i,0i d; Vi
T(d;) HM;: 0 X Igé " —>N[(] i
i

'<M1a0 #

(d )t

which turns into an étale morphism when restricted to an open subset of the source. Here M

are perfections of closed subsets of (reduced subschemes underlying) Rapoport-Zink spaces and Ig
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is the global Igusa variety defined in

We briefly review the main idea behind this construction:

Points in the global Igusa variety come automatically with a global G-shtuka (¢, ¢,1). This global
G-shtuka will be modified at each characteristic place ¢;: A lift of the truncated isomorphism coming
from the Igusa variety and the quasi-isogeny defined by the Rapoport-Zink space gives a quasi-isogeny
starting with the associated local G-shtuka £.,(%¢,¢). This allows us to change the global G-shtuka
by keeping all the structure away from c¢; the same and replacing it at a formal neighborhood of ¢;
according to the quasi-isogeny. This defines a new global G-shtuka, giving the image point in N, ((]Vi)u.
In section [5.1] we present the general construction of the modification of global G-shtukas. This relies
heavily on the work of Hartl and Rad [AHI4a], who call the resulting morphism (in a slightly different
setup) the uniformization morphism. In section we apply this construction in our setting to get the
morphism above by checking that it is indeed well-defined.

Following the approach of Mantovan in the case of mixed characteristic, we show that 74, is quasi-finite
in proposition[5.3.12and satisfies the valuation criterion for properness in proposition[5.4.1] This almost
implies theorem stating that 7(4,) is a finite morphism and (for sufficiently large 6;) surjective.
Moreover we show that restricting m4,) to an open subspace of the source turns it into an étale morphism

T(d;)-

5.1 The uniformization morphism

In this section we define the uniformization morphism: Let (for simplicity during this introduction)
(%, po,v0) € Vfci)Hllj(C, G)(Sph) be a global G-shtuka over an E-scheme Sy with characteristic places
(¢;) and bounded by p = (p;)i. Let (Ge,, ;) = £¢, (%, po) be the associated local G-shtukas. Assume
that they are constant and equal to a decent local G-shtuka, i.e. that we are given an identification
(Geir pe;) = (LT Ge, g be;0%) sy, With (LT G, g, be,0*) being a decent local G-shtuka over Spec E' as in
definition Then one has a canonical morphism of DM-stacks over Spec E

So X5 Hi Mbjc’:i — VAHE(C, Q)

where Mbjc“ * is the reduced fiber of the formal scheme ./\/lbjc“ (et .

This morpflism was first constructed in [AHT4al section 5] (although only in the case where the global
G-shtuka is constant on Sy) by changing (Go, o,%0) at every characteristic place according to the
respective point in Mbjc“ . Unfortunately we were not able to understand either the descent argument

i

in lemma [AHT4a] 4.23] (c.f. [5.1.4})) or the one in their key lemma [AHI4al 5.1]. So let us provide more
elaborate arguments, following the very same approach.

Note that the construction below is given for any global G-shtuka (%, ¢, 1) with characteristic places
only in a formal neighborhood of the (¢;). As the results of this section are only needed in full generality
in the next section [6] the reader may wish to stick to the situation considered in this introduction and
ignore the slight variation of characteristic places during a first read.

As the construction is not restricted to characteristic places, let us fix any place v € C with residue field
x(v), though in applications it is one of the ¢;. Let A = k(v)[[2]] be the ring of integral adeles at v,
A, = k(v)((2)) its quotient field and G, = Res(y)/r, (G). Moreover fix a local coordinate ¢ at the place
v and consider the category Nilpg(y. Our first aim is to identify certain classes of local G,-shtukas
with certain pairs consisting of a G-torsor over Spec A" and a Frobenius-isomorphism on the generic
fiber.

Definition 5.1.1. Let R be an E][(]]-algebra with ¢ locally nilpotent. A torsor (for some group) over
a (formal) scheme S over Spec R is called mice if it trivializes over a finite étale cover of S coming by
base change from a finite étale cover of Spec R.

A local G,-shtuka over Spec R is called nice, if the underlying L G, -torsor is nice.

Remark 5.1.2. Here is the reason why nice torsors are helpful in the study of arbitrary global G-
shtukas: If ¢ is a G-torsor over C' xp, S, then there is exists a Zariski-open cover {V;}; of S such that
9|cxz, v, is nice in the formal neighborhood of the fixed place v. This will be shown in lemma
and In particular any local shtuka associated to a global G-shtuka is Zariski-locally nice.
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Lemma 5.1.3. Let R be an E[[(]]-algebra with ¢ locally nilpotent. Then we have equivalences of
categories

a .
/ {nice L*G,-torsors over Spec R} = {nice formal G-torsors over Spf (R®r, AL")}

= {nice G-torsors over Spec (R®r, A}

where the morphisms are bijective morphisms which are equivariant for the respective group action.

b)

{nice LG,-torsors over Spec R} 2 {nice G-torsors over Spec (R®r,A,)}

where the morphisms are isomorphisms of the respective torsors.
If Ry — Rs is a morphism of E[[C]]-algebras, then all equivalences above commute with taking pullbacks
of the torsors along the induced morphism on the base schemes.

Proof. a) We have already seen in lemma ) that LTG,-torsors over Spec R correspond to LTG-
torsors over Spec (R ®r, £(v)). In [HVII, proposition 2.2 a)] a bijection was constructed between LT G-
torsors over S = Spec (R @, £(v)) and formal G-torsors over Spf (R ®p, £(v))[[z]] = Spf (R®r, A™)
which trivialize over an étale cover induced by an étale cover of S. This construction obviously restricts
to a bijection between nice torsors on both sides. Furthermore one can easily see, that the construction
in [HV11] extends to morphisms and hence indeed defines the equivalence of categories on the left-hand
side.

Let us now tackle the second comparison: As R®p, A" = (R @y, k(c;))[[2]] we may replace R by the
finite étale algebra R®r, #(c;) and hence reduce to G-torsors over Spf R[[z]] and Spec R][[z]]. Now giving
a nice G-torsor over Spf R[[z]] is the same as giving a finite étale cover Spf R'[[z]] — Spf R[[z]] coming
from an étale morphism R — R’ and a descent datum

h € lm G (") ©ngeysony R/ (M) = Glim R ") ©ngayony R )
= G(R'[[2])®pr R [[12]])

for the trivial G-torsor on Spf R'[[z]] (see also [HV1Il proof of proposition 2.2 a)]). By finiteness of the
cover we may view h € G(R'[[z]] ®@gj)) R'[[2]]) and get therefore a unique descent datum for the trivial
G-torsor on the finite étale cover Spec R'[[z]] — Spec R][z]]. But this determines a unique object in the
category on the right-hand side. Note that this construction does not depend on the actual choice of
the finite étale cover. Thus this defines an essential bijection between the objects in both categories.
Consider now an isomorphism « : G; — G between nice formal G-shtukas. If they trivialize over
Spf R'[[2]] — Spf R[[2]] with descent data given by hi, ho € G(R'[[2]]@ ). R'[[2]]) then o can be repre-
sented by a unique element g € G(R'[[2]]) satisfying pri(g) = hy - pra(g) - ha where pr; : G(R'[[2]]) —
G(R'[[2]]® (2 R'[[2]]) is given by the inclusion of R'[[z]] in the ith factor. But the same data determines
morphisms between the associated nice G-torsors over Spec R[[z]], with the only difference that we now
consider pri(g) = hy ' - pra(g) - by as an equality in G(R'[[2]] @ g B'[[2]]). Hence we get a canonical
bijection between the sets of morphisms.

b) Let R — R’ be a finite étale morphism. Then LG-torsors over Spec R which trivialize over Spec R’
are given by a descent datum in G((R' ®g R')((2))). On the other hand G-torsors over Spec R((2))
trivializing over Spec R'((2)) are given by a descent datum in G(R'((2)) ®r((=)) R'((2))). But by finite-
ness of R', there is a canonical isomorphism (R’ ®r R')((2)) = R'((2)) ®g((z)) R'((2)). Therefore we
have a bijection between the objects on both sides. For morphisms a very similar argument as in part
a) works.

For the compatibility with pull-backs, note first that if a L*G,-torsor over Spec R; trivializes over a
finite étale cover Spec R} — Spec Ry, then its pullback to Spec Ry trivializes over the finite étale cover
Spec Ry ®p, R} — Spec Ry. The same holds for G-torsors over Spec (R®r, AI™). Hence the compati-
bility of the constructions above and the pullback functor follows from the obvious facts that it holds
for trivial torsors and that the descent datum for the pullback to Ry coincides with the pullback of the
descent datum for the torsor over R;. O

Remark 5.1.4. i) The functor from nice G-torsors over Spec (R®r,A%™) to nice formal G-torsors over
Spf (R@Fqu,m) is in fact the pullback functor. As pulling back is not restricted to nice G-torsors one
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may ask, whether this defines an equivalence of categories

?
{formal G-torsors over Spf R[[z]]} = {G-torsors over Spec R][z]]}

(assuming for simplicity x(v) =2 F,). Nevertheless we were not able to prove this due to two problems:
) The functor ®g, Fy[[z]] associating to R the ring R[[z]] does not commute with localizations. In
particular assume we have a G-torsor G over Spf R[[z]] and an open formal subscheme Spf R[f~!][[2]] (for
some f € R) such that G restricts to a nice G-torsor over Spf R[f~!][[z]]. Then applying the equivalence
above gives a G-torsor over Spec R[f~!][[]]. But this is not an open subscheme of Spec R|[[z]] and hence
we may not glue such G-torsors.

B) Assume there is a functor {formal G-torsors over Spf R[[z]]} — {G-torsors over Spec R[[z]]} which
commutes with pullbacks to Spf R[f~!][[2]] resp. Spec R[f~!][[z]] for any f € R. Then any G-torsor
in the image has the property that there is a set of elements {f;}; € R such that the morphisms
Spec R[f; '][[z]] — Spec R|[[z]] are jointly surjective and the pullback to each Spec R[f; '][[2]] is nice.
But it is not known to us, whether every G-torsor over Spec R[[z]] has this property. Nevertheless note
the partial result below.

ii) The lemma implies, that we have a bijection between nice L G-torsors over Spf R|[[t]] and nice LT G-
torsors over Spec R|[t]]. To see this view the L+ G-torsors on both sides as an injective limit of G-torsors
over Spf (R][[z]]/(z™))[[t]] respectively Spec (R[[z]]/(2™))[[t]] and use the correspondence above. As in
[HV11l proposition 3.16] this induces an equivalence of categories

{nice formal local G-shtukas over Spf R[[t]] bounded by u} =
= {nice local G-shtukas over Spec R|[[t]] bounded by u}

where p is as usual a I'-invariant dominant cocharacter. Nevertheless the same problems as stated in
part i) of this remark refrain us from omitting the condition ‘nice’. Therefore we do not know that
[HV11], proposition 3.16] as stated there is actually correct, although this seems likely.

Definition 5.1.5. a) Let R be an E[[(]]-algebra with ¢ locally nilpotent. A semi-local G, -shtuka over
R is a pair (G,@) consisting of a G-torsor G over Spec (R@FQAf}m) and a G-equivariant morphism
¢ : 0*Gl, — G|, over the generic fiber n = Spec (R®g,A,).

b) A semi-local G,-shtuka is called nice if the underlying G-torsor is nice.

Remark 5.1.6. i) Note that the notion of a (nice) semi-local G-shtuka behaves very badly, e.g. one
cannot glue semi-local G-shtukas over an open cover of Spec R.

ii) Pulling back global G-shtukas via the map Spec (R®r,A™) — C xp, Spec R defines a semi-local
G,-shtuka. Here we use the pullback along Spec (R®r,A,) — (C'\ {c¢;}s) xr, Spec R to get the local
Frobenius-morphism.

Proposition 5.1.7. Let R be an E-algebra. Then we have an equivalence of categories
{nice local G,-shtukas over Spec R} = {nice semi-local G,-shtukas over R}

Furthermore it commutes with taking the pullback along Spec Ry — Spec Ra respectively Spec Ry [[z]] —
Spec Rs[[z]] for any morphism Ry — Ry of E-algebras.

Proof. We have already seen this on the level of torsors. Next note that a LG,,-torsor over an affine base
Spec R is nothing else than a G, -torsor over Spec (R@Fq A,). Furthermore associating the LG ,-torsor to
a nice LT G,-torsor over Spec R corresponds exactly to restricting a G,,-torsor over Spec (R@)Fq Ant) to
its generic fiber. As these identifications were given by equivalences of categories, this defines a bijection
between the set of possible Frobenius-isomorphisms on both sides. In other words, we have a bijection
between nice local G,-shtukas over Spec R and nice semi-local G,-shtukas over R.

That the morphism sets coincide follows in a very similar way after noticing that the compatibility
conditions with the Frobenius-morphism coincide on both sides.

The compatibility with taking pullbacks follows from the corresponding statement in the previous
lemma. O
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Remark 5.1.8. The bijection of nice LG ,-torsors over Spec R and nice G,,-torsors over Spec (R@Fq Ay)
was only used for convenience. In fact we may pass to some trivializing étale cover, where the bijection
on Frobenius-isomorphisms is clear. Then one easily checks that this bijection preserves the property
to commute with the descent data, which induces the bijection already over R.

Notation 5.1.9. From now on fiz n distinct E-valued points c¢; on the curve C together with local
coordinates (;. Let Nilpgyyc, ... ¢, be the category of schemes S over Spf E[[C1, ..., (]|, such that the
ideal (C1,-..,Cn) 18 locally nilpotent on S. FEquivalently it is the category of schemes S over C™\ A,
that factor over the formal completion of C™ \ A along (¢;);- We automatically consider schemes S €
Nilpg(ic,,...c.)) as elements of Nilpgyic,) via the canonical projection Spf E[[Cy, . . ., ()] — Spf E[[¢5]].
Define for any scheme S respectively affine scheme Spec R in Nilpgc,....c.) the categories

V(éi)H%,(C, G)(S) with objects global G-shtukas with U-level structure, whose characteristic places are
given by the projections of S — C™ \ A to the various components C. Hence V (zH{, (C,G)(S)
can be identified with the fiber of the stack V,H{,(C,G) — C™ \ A over S.

Véi)’H}J(C, G)(S) similarly as V&, H{, (C,G)(S), but for bounded global G-shtukas.
VienHy (V,G)(S) with the very same definition as for the category V() Hy (C,G)(S), but C now

int(c;)

replaced by an open subscheme V- C C. This requires U C G(Ay, ), where Ai}lt(ci) is the ring
of integral adeles of V '\ {¢;}; and the condition on the compatibility of characteristic places with
S only applies to places c¢;, that actually lie inside V.

SemiShthj (Spec R) the category of semi-local G.,-shtukas over R.

QSemiShig,, (Spec R) with objects (G, ) consisting of a G.,-torsor G over Spec R((z)) and an iso-
morphism ¢ : 0*G = G.
Shig,, (S) the category of local G.,-shtukas over S.

QS’htGuj (S) with objects (LG, p) consisting of a LG.,-torsor LG over S and an isomorphism ¢ :
oc*LG — LG.

In all cases the morphisms are given by quasi-isogenies.

Proposition 5.1.10. Fir one of the characteristic places c; as above and let Spec R € Nilpgj,,....c.]
be an affine scheme. Then there is a fiber product diagram of categories

v(é;)H%](Cv G)(Spec R) - v(éb)l#]/Hllj(C \ {cj}a G) (Spec R)

| |

SemiShig,, (Spec R) QSemiShig,, (Spec R)

where the vertical functors are given by pulling back objects and morphisms on a formal neighborhood
the jth characteristic place and the horizontal functors are given by restriction to the open subset where
c; s missing. Moreover the fiber product diagram is natural in R.

Proof. As already mentioned, we get a canonical morphism Spec R — C™ \ A P13, ©. We denote the

image of its graph morphism by Z C C xg, Spec R and the formal completion of C' X, Spec R along
Z by Z. Then Spec (R@)]FqAZ”) is isomorphic to Z and the vertical morphism on the left is just the
restriction to Z. Furthermore (C'\ {¢;}) xr, Spec R identifies with (C' xp, Spec R) \ Z, because the jth
characteristic place varies only in a formal neighborhood.

Hence by [BL93] (or even earlier [FR70, proposition 4.2]) we have a fiber product diagram of categories
of quasi-coherent sheaves

QCoh(C xp, Spec R) —— QCoh((C \ {¢;}) xr, Spec R)

| l

QCoh(Spec (R@FqAZ_Lt)) QCoh(Spec (R@FqACj))
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which is natural in R.

Assume now %° is a G-torsor on (C'\ {¢;}) xr, Spec R, G is a G-torsor on Spec (R@FqAZ?t) and « :
g()lSpeC(R@u?qu;j) — g|spec(R®Fchj) is an isomorphisms between their restrictions to Spec (R@Fchj).
Let ¢ be the quasi-coherent sheaf obtained by gluing ¥° and G along .. Then the G-actions on ¢° and
G glue to a G-action on 4. As ((C\{c;}) xr, Spec R) || Spec (R®p, Ai’;t) — C xr, Spec R is a fpqc-cover,
this G-bundle ¢ is in fact a G-torsor for the fpge-topology (and hence for the étale topology). Thus we
have a fiber product diagram

{G-torsors on C' xy, Spec R} ——— {G-torsors on (C'\ {¢;}) xF, Spec R}

l l

{G-torsors on Spec (R®p, A?J”)} {G-torsors on Spec (R®x,A.,)}

Choose now elements (4°,0°,¢°) € V). Hi;(C\ {¢;},G)(Spec R), (G, ) € SemiShtg,, (Spec R)
and an isomorphism « : ¢ |SpCC (R®x,Ac;) G |Spcc (R&x, Ac;) compatible with the isomorphisms ¢° and
. We have to show that these objects define a unique global G-shtuka. We already know that ¢° and
G glue to a unique G-torsor ¢ over C' xp, Spec R. For the Frobenius-isomorphism notice that the one
in (G,p) € SemiShtg. (Spec R) is already determined by its image in QSemiShtg, (Spec R). Thus
simply setting ’ ’

@ =¢° 0G| (Cxs,Spec RNZ = F](Cxx,Spec R\Z

(using the canonical ¢ |(C><Fq Spec R\Z =Y O|(C><Fq Spec R)\z) defines a Frobenius-morphism which restricts
to the given ¢ on the generic fiber of the formal neighborhood of ¢; (at least after applying the canonical
identification «). The U-level structure 1° gives a U-level structure ¢ = 1° on ¢4 as ¢ coincides with
%° on the formal neighborhood of the support of U.

Hence we have indeed the stated fiber product diagram. O

Theorem 5.1.11. For every S € Nilpg¢, ,...c,) there is a canonical fiber product diagram of categories

VienHy(C,G)(S) —= Vi, Hu (C\ {c;}, G)(S)

Li ig
J J

Shig, (S) QShtc, (S)

It is natural in S.

Proof. We construct a functor
Ve Mo (C\ {ej}, G)(S) Xasnte, (s) Shta., (8) — Ve Hu(C,G)(S)

which is an inverse to the obvious functor in the other direction.

For this consider any elements (4°,9°,¢°) € Ve, Hiy(C\ {¢;}, G)(S), (G,¢) € Shtg,,(5) and an
isomorphism « : £.,(9°) — LG compatible with the isomorphisms ¢° and ¢. Choose now a basis
for the topology 9B of affine open subschemes of S such that for any W € B the torsor G|y is nice
(with respect to the base scheme W). Consider now any such W = Spec R € B. By proposition
(G, p) defines a unique element (G',¢’) in SemiShig,, (Spec R) and a defines a unique isomorphism
A P (RBs, A2) = G'lspec (RBy, A" Thus the triple ((G°, ¢°,¥°),(G’,¢’),a’) defines a uniquely
determined global G-shtuka (%, Yw,ew) € Vi, Hi (C,G)(W) by proposition

If Wo C Wi is an inclusion of elements in B then (%w,,ow,, Yw,)|lw, and (9w, ew,, Yw,) de-
fine the same elements in V(z,),, 1 (C'\ {¢;}, G)(W>) and SemiShtg,, (W2) (using the compatibility
with pullbacks in [5.1.7), hence there is a uniquely determined isomorphisms (%w,, ew,, Yw,)|lw, =
(%w,, ew,, Yw,). Thus we may glue the global G-shtukas (4w, ow,Yvw)wes to a global G-shtuka
(4, ¢,0) € VieyH(C,G)(S). It is clear that this construction does not depend on the choice of the
basis ‘B.
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It remains to be shown, that these functors are inverses. If one starts with an element in the fiber
product and takes the image in Vs, H{;(C,G)(S), then it is obvious from the construction that the
restriction to (C'\ {¢;}) x, S gives back the original element in Vz,),., H{;(C\ {¢;}, G)(S). We have
to see that £.; returns the original local G.;-shtuka as well. This can be done locally on the elements
W = Spec R € B. There proposition [5.I.10|and proposition[5.1.7]imply that we may obtain the original
local G;-shtuka via

VieyHy(C,G) (W) — SemiShtg, (W) = Shig, (W)

where the first functor is the pullback to Spec (RQ]Fq Spec Aé’]?t) and the second functor consists of pulling

further back to the formal completion of Spec (RQ]Fq Spec Ai’]?t) and translation from G-torsors to LT G.,-
torsors. But this is by construction nothing else than the functor £, .

Conversely start with a global G-shtuka (%, @0, ¥o) € V(s Hy (C, G)(S) with restriction (4°,¢°,¢4°) €
Vie)is, MU (C\ {cj}, G)(S) and associated local G -shtuka (G,¢). Let (¥,¢,v) be the global G-
shtuka obtained from gluing (¢°,¢°,9°) and (G, ). By the following lemma one can choose
a basis of the topology B of affine open subschemes of S such that the restriction of (Go, o, o) to
Spec (R@)Fin’j‘t) is nice for every element Spec R € 8. Consider now one such element Spec R €
8. Then by choice on Spec R there is a canonical isomorphism between the semi-local G-shtukas
(Go, o, ¢0)|Spec(R®qui?t) and the one associated to the nice local G,-shtuka (G, ¢)|spec r- This gives

a canonical isomorphism (gOa‘POa"/}O”CxFquecR = (%,cp,w)bm spec k- As they are compatible with
restrictions to other subschemes in 9B, they glue to an isomorphism (%, vo, o) = (¥, , V).

The same construction can be done for morphisms in the respective categories, i.e. for quasi-isogenies
of global respective local G-shtukas. O

Lemma 5.1.12. Let R be a Fy-algebra.
a) The pullback along Spec R = Spec R[[#]]/(z) — Spec R[[#]] gives an isomorphism

71 (Spec R][z]]) & 71 (Spec R)

b) Any G-torsor G over Spec (R®r,r(c;)[[z]]) which admits a trivialization after a finite étale cover,
also admits one induced from a finite étale cover of R.

Proof. a) This is surely well-known, though we were not able to find a reference. Surjectivity is ob-
vious as the inverse map associates to every finite étale morphism R — R the finite étale morphism
RI[2]] — RA2]).

Conversely let R[[z]] — R’ be any finite étale morphism and define R, = R[[z]]/(z") and R, =
R' ®p[.)) Rn for every n > 1. We have to show that R’ = Rj[[z]]. But by [SGAL IX, proposi-
tion 1.7] 71 (Spec R,,) = m1(Spec R). Applied to the finite étale map R, — R), we get isomorphisms
R, = R, ®gr R, for each n, where Ry ,, is finite étale over R. Then R, .1 ®gr R, = R, @R, , Rn =
R, = Rg,, ®r R, and all rings Ry, are isomorphic to the pullback R} = Rj;. Then we have an
isomorphism of R-algebras

R =lim R, = lim(R) @p R,) = R} ®p lim R, = R @ R[[]]

using that R’ equals its z-adic completion as it is finitely presented over R[[z]]. Note that in our case
the inverse limit does commute with the tensor product, because R} is finite over R and hence both
sides equal RN (as R-modules).

b) The G-torsor G corresponds to a G.,-torsor over R[[z]] and any trivializing cover of R[[z]] for the
G.,-torsor gives also a trivializing cover for G. But by part a) any finite étale cover of R[[z]] comes from
a finite étale extension of R. O

Lemma 5.1.13. Let Spec A be an affine curve over F, with a regular point v. Fizx a local coordinate
¢ of Spec A at v and an E[[(]]-algebra R with ¢ locally nilpotent in R. Denote the completion of
Spec A xg, Spec R along {v} xp, Spec R by (Spec A xg, Spec R)"".

Then for any G-torsor ¢ on Spec A Xg, Spec R and any point x € Spec R there is an open neighborhood
x € Spec Ry C Spec R such that the pullback of 4 to (Spec A xg, Spec Ro)™Y is mice with respect to
Spec Ry, i.e. trivializes over a finite étale cover coming from one over Spec Ry.
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Remark 5.1.14. Note that (Spec Axp, Spec R)" equals the completion along the graph of the canonical
morphism Spec R — A as constructed at the beginning of the proof of proposition [5.1.10]

Proof. We may choose an open subset U C Spec R xp, Spec A containing the point (z,v) and a finite
étale cover U’ — U such that ¢ trivializes over U’. We may assume wlog. that U is of the form D(f)
for some element f € A®p, R. By restricting to an open subset Spec Ry C Spec R containing x we may
assume that
{v} xr, Spec Ry C U = D(f) C Spec A xr, Spec R.

Then f is a unit over {v} xg, Spec Ry, hence as well over the completion (Spec A xg, Spec Ry)"".
Thus the inclusion (Spec A X, Spec R)" — Spec A x5, Spec R factors over Spec (A ®r, Ro)[f™'] =
U Xgpec R Spec Rg. Now we just observe that by definition the pullback of ¢4 to U Xgpec R Spec R
trivializes over the finite étale cover U’ X gpec r Spec Ry and hence the pullback to (Spec A X, Spec Rp)™
trivializes over the finite étale cover U’ Xgpec Axspec B (SPec A Xr, Spec Ro)"".

Finally note that by regularity of the point v, there exists an isomorphism (Spec A xp, Spec RN =
Spec (k(v) ®F, Ro)[[2]]. Hence by lemma ) the trivializing cover U’ Xspec AxSpec & (SPec A X,
Spec Rp)"? already comes from a finite étale cover of Ry, hence g'(SpecAX]pq Spec Ro)Av 18 indeed nice. [

Remark 5.1.15. Similarly for any non-characteristic place v € C, we get a canonical fiber product
diagram of categories

VienHi (C,G)(S) —= Ve Hiy (C\ {0}, G)(S5)
EtShtg, (S) ——— QShtg, (S)

Corollary 5.1.16. Let p = (p3); a bound. Then for each S € Nilpgyyc,.....c.) there is a canonical fiber
product diagram of categories

Vi) Ho(C,G) () ——= VoH(C\ {ei}i, G)(S)

| !

I, Shtgf; (S) [I; @Shtc, (S)

which is natural is S.

Proof. Without the bounds, this follows from the repeated use of theorem [5.1.11] and the naturality
assertion on the base scheme. That we may restrict to bounded subsets follows directly from the
definition of a bounded global G-shtuka. O

Remark 5.1.17. i) All categories above define stacks over Spf E[[¢1, ..., (y]]. The stack Véi)H%,(C, G)
is even representable by the formal completion of VEH[, (C, G) along Vfc i)H%,(C’ ,G). However the other
stacks seem not to admit any useful representablility result. /

ii) Note that by general nonsense (i.e. any Artin-stack given by a functor from schemes to groupoids
extends uniquely to a functor on all Artin-stacks), we still get a cartesian diagram of categories when
considering S over Spf E[[(1, ..., (,]] which are only DM-stacks (or even Artin stacks). In other words,
the modification at characteristic places can be carried out even for families over DM-stacks.

Theorem 5.1.18. Let S be any DM-stack over Spf E[[(1, . .., ()] such that ({1, ..., Cn) is locally nilpo-
tent on S. Fiz a global G-shtuka with U-level structure (%, ¢o0,%0) € Vo H{(C,G)(S). For each
characteristic place let (Ge,, pe;) = Lec; (%0, o) be the associated local G-shtukas and assume there exists
an isomorphism B; : (Ge,,¢c;) = (LT Ge, g, be,0%)s to a decent local G, -shtuka (LT Gq, g, be,0™) over
Spec E (as in definition .

Then one has a morphism of formal DM-stacks over Spf E[[C1,...,(n]] (depending on the choice of ;)

) —— (ci)i
S Xspt llcrcall [ M = VEHE(C,G) xoma CP\A T,

(2

—— (ci)i
where C™ \ A denotes the formal completion of C™ \ A at (¢;);.
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Proof. Write /\/ﬁ“’ hﬂ M, ; for some M, ; € Nilpg(e,;- By pulling back the universal object of
M,;to S =S ><Spr[[cjl ..... e 1l My € NzlpE[[Cl _____ ¢,]] via the canonical projection one gets for each i
a local G.,-shtuka (G , ¢l ) over S, and a quasi-isogeny o : (G, ,¢L. ) = (LTGc, g, bc,0*)s,. Therefore
we may consider
e The element (¥, o0,%0)s: € VoH{(C\ {ei}i, G)(S)) defined by pulling back the global G-shtuka
(Go; pos Yo)l(c\{eiti) xe, s Via (C\ {citi) xw, S. = (C\{ci}i) xF, S.

o (Gl L,) € Szl (S;)
a; o Bt LE,(%o, 00)s, = (LGe,, c)s, — (LGe, gy be,0*)s, — (LG, ¢L.) in QShtg,, (S})

This defines by corollary a global G-shtuka (G, ¥, ¢) € Vf‘c )7-[1 (C,G)(S)), i.e. a morphism

’ (01)1
S X Spf B[[C1,-.Cnl] HMrl = S — V”HU(C G) Xom\A Cn\A

As these morphisms are obviously compatible for varying r, we get the desired morphism of the theorem.
O

Remark 5.1.19. This morphism automatically induces a map between the perfections, i.e.

——— (ci)i ﬁ
S XSpf E[[C1,..., oIt HM Spa — V‘U/HU(C G) X(Cm\A)¢ cn \ A

for perfect DM-stacks S.

5.2 Construction of the covering morphism
Recall that in section |4 I we constructed DM-stacks Igg, o8 parametrizing tuples consisting of

e a global G-shtuka (¥, p,1) whose associated local G-shtukas at the characteristic places lie in
fixed isomorphism classes,

e for each characteristic place ¢; an Iy, (b, )-truncated isomorphism ay, : £.,(¥4,¢) — (L1TG,,,b,,0*)
between local G,,-shtukas with canonical Iy(b,,)-structures.

Recall furthermore that we saw already in theorem [2.5.4] the existence of Rapoport-Zink spaces, i.e. of
a formal scheme M Sw J parametrizing

e a local Gci—shtuka (G, ¢%) bounded by some p;
e together with a quasi-isogeny 3; : (G!, ;) = (LT G.,,b,,0%).

<y7 <#179 #

The underlying reduced subscheme will be denoted by Mj ' Using certain closed subspaces M;

(for finite I'-invariant subsets of X, (T)dom) defined in we will now combine these spaces to
construct (for sufficiently large (d;)) a morphism

i,0i d; Vi
T(d,) HMbj: Ou XEIgg ) %./\/'[(J i

into the corresponding Newton stratum of the special fiber of the perfection of VAH] (C,G). Here
“sufficiently large (d;)” is meant with respect to the partial order on Z™ defined by (d )z < (d}); if and

only if d; < d} for each i.

In order to apply theorem to define 7(4,), we have to lift the truncated isomorphism on the Igusa

variety to an actual isomorphism of local G,,-shtukas. We have already seen that this can be done

after a pro-finite étale cover. Thus our main objective in this section is to see, that the image of the

uniformization morphism is independent of the choice of this lift.
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Remark 5.2.1. Until section [§] we will work only over the special fiber. So all results of the previous
section are applied only in the case ¢; = ... = (, = 0. For more general versions of the morphism 74,

see sections to

Construction 5.2.2.
Let us start by defining a morphism of DM-stacks over Spec E

Toon + [IMELH i 1= — N7

(c0i)8

where Ig;; (do)t

=lim Ig;;
We do this by desc(rll))mg the image of S-valued points for perfect schemes S, using the very same
construction as in theorem As we frequently use the precise definition, let us describe it again:
Pick ((Gl,¢}),B:) € Miﬁiﬁ(S) (for each i) and ((¢4,¢,v), (ae,)) € Ig(ool)ﬁ(S’)7 where we keep the
notation as above, but have actual isomorphisms o, : £, (4, ¢) = (LG, by,0*) now by This
allows us to consider the objects

* (4,0, 9)|(c\feiti)xe, s € VoHi (C\ {ei}i, G)(S), where C'\ {c;}; denotes again the open comple-
ment of all characteristic places.

o (91, 1)) € T, Shtg" (5)

e for each ¢; an isomorphism (LG], ;) — b = (L*Ge,,b,,0%)s OZi> £..(¥, w)\(c\{ci}i)qus)

Thus we are in the situation of corollary [5.1.16| and we get a global G-shtuka (5},5,1/}) which is the
modification of (¢, ¢, 1) at the characteristic places. By construction its associated local G,,-shtuka at
a characteristic place ¢; is isomorphic to (G/, ), hence bounded by u; (by definition of the Rapoport-

Zink space). In particular (g} @, 1Y) € X{5(S). Furthermore the local G-shtukas at characteristic points

¢; of (¢,¢,9) and (g} L, ;) are quasi-isogenous (by construction), hence both global G-shtukas lie in
the same Newton stratum, i.e. in N[(]Vi) (S). As S was assumed to be perfect, it lifts uniquely to a point

in N((]Vi)ﬁ(S ). This gives the desired image of the chosen points under m(,).

It remains to see that we may descend 7(4,) to some finite level, at least on quasi-compact subschemes
of the source. To make this precise, let us introduce specific subschemes of the (reduced subscheme
underlying) Rapoport-Zink spaces M’ S , and therefore as well of their perfections M; S1it - Ag we wish
them to cover the Rapoport-Zink space we need a weaker definition of bounds for local G, -shtukas:

Definition 5.2.3. Let 0 C X.(T)dom a finite I'-invariant subset of dominant cocharacters for the group
G,.

a) Let G and G’ be two LT G.,,-torsors over a DM-stack S € Nilpg(e) and o 1 LG — LG a morphism
between the associated LG.,-torsors. Then « is weakly bounded by 0 if there exists a finite (scheme
theoretically) surjective morphism Z — S such that G, splits over Z and Z can be covered by open
substacks Zy (parametrized by O € 0), such that the restriction of a to Zy is bounded by 9.

b) A quasi-isogeny o : (G, ) — (G',¢') is weakly bounded by 0 if the morphism « : LG — LG between
the associated LG-torsors is bounded by 6.

Remark 5.2.4. i) Part a) of the definition should be thought of as requiring that for every F,[[t]]/(t")-
valued point = of S (for some n) there exists some element in 6 such that «l, is bounded by it, though
this property is slightly stronger than being weakly bounded. Note that it is essential that we consider
only thickenings of geometric points in one direction.

ii) The splitting of G., over Z does involve choices. But any two such splittings differ locally by an
element of I'. Moreover if « is (locally) bounded by some ¥, its pullback along the morphism induced by
some vy € I' is bounded by «.¢. Thus by I'-invariance of 6, the boundedness condition does not depend
on the actual choice of the splitting.

iii) Combining proposition [5.2.6p) and theorem it follows that defines in fact (for each 0) a
bound Z in the sense of [AHI4al definition 4.5]. It can even be seen that any bound given by some Z
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equals, at least on reduced schemes (or DM-stacks), a weak bound defined by some ¢ (though bounds
of the form Z likely allow for much more flexibility concerning the nilpotent structure).

Lemma 5.2.5. It suffices to check weak boundedness by 0 fpqc-locally on S.

Proof. Consider a finite field extension E’ such that G, splits over E’. Let 0 = {d1,...,9;} C
X.(T)dom- Proposition applied to the pullback of a to S x g Spec E/ and each of the coweights J;
defines closed substack Zy, C S xg Spec E’ such that O“Zﬂi is bounded by ;. Hence it remains to see
that we may take

7 :HiZﬂi — S xgSpecE — S

as the finite surjective morphism used above. Finiteness is obvious and surjectivity may be checked
fpqc-locally. Thus we may assume that there is a finite surjective morphism Z — S as in definition
5.2.3h). Then Z X g Spec B/ — S is again such a morphism and we may consider the closed subschemes
Zy, C Z x g Spec E’ given as the locus where « is bounded by 9;. It is clear that [, Zy, = Z xg Spec E'
is finite surjective. But by choice of the Z19 , each morphism Zy, — S x g Spec E’ factors over Zﬁ , l.e.
1, Zs, — S x& Spec E’ factors over [[, Zs,. Hence [[; Zy, — S x g Spec E’ and then [, Zy, — S are
surjective. O

Proposition 5.2.6. Let o : (G,p) — (G',¢’) be a quasi-isogeny between local G.,-shtukas over a DM-
stack S over E.

a) If a is weakly bounded by 0 = {V1,...,91}, then a~! is weakly bounded by —0 = {—01,...,—0%}.
b) If o is weakly bounded by 6 and o' : (G',¢") — (G",¢") is weakly bounded by some 0, then the
composition o/ o « is weakly bounded by 0 ® ¢ = {9+ V' |V € 6,9 € ¢'}.

¢) Fiz a finite T-invariant subset 0 C X.(T)dom. Then the locus where « is weakly bounded by 6 is
representable by a closed immersion into S.

d) If S is reduced, noetherian and quasi-compact, then there exists some finite I'-invariant subset 6 C
Xi(T)dom such that a is weakly bounded by 6.

Proof. a) This follows directly from proposition

b) Choose finite surjective morphisms Z — S resp. Z’ — S suitable for checking the weak boundedness
of awresp. . Then the assertion follows from lemma ) after pulling back along the finite surjective
morphism Z xg Z' — S.

c) Let E'/E be a finite field extension such that G, splits over E. By the previous lemma the locus
of weak boundedness is a fpqc-sheaf on S, hence it suffices to show representability on the fpqc-cover
S xg SpecE’. Let 0 = {¥1,...9:}. Then by proposition there is a closed immersion Z; —
S X g Spec E’ representing the locus where « is bounded by ¥;. Let Z C S X g Spec E’ be the scheme-
theoretic image of the finite morphism [[, Z; — S x g Spec E’. By construction of Z it is clear that it
represents the locus of weak boundedness for 6 on the scheme S X g Spec E'.

d) By passing to some étale cover we may assume that S is a scheme. By part ¢) it suffices to show,
that « can be weakly bounded on each of the finitely many generic points. Thus assume wlog. that
S = Speck for some field k. Choose now E’ as in ¢). Then I' acts transitively on the connected
components of S X g Spec E’, which are all isomorphic to some field extension of E’. Fix one of these
components x € S X Spec E’. Then by lemma [2.4.9b), the restriction of a to x is bounded by some
¥ € Xu(T)dom (for the base field E’). Hence by I'-action, we can bound « Zariski-locally on S x g Spec E’
by elements in 6 := I' and « is indeed weakly bounded by 6 over S. O

Definition 5.2.7. Let 6; C X.(T)dom be a finite T-invariant subset of dominant coweights. Then define
M:“ C M'<”1 to be the closed subscheme consisting of all points where the universal quasi-isogeny
BUnY s weakly bounded by 0;. We endow Mbu’f“ * with the reduced subscheme structure, even though

weak boundedness by 0; already defines it as a closed subscheme of Mli” which usually has non-trivial

nilpotent structure.
Let Mijf”’eiﬁ be the perfection of Mbjf”’oi or equivalently the locus of weak boundedness by 6; inside

uiff
Mbui .
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Remark 5.2.8. i) Consider any quasi-compact reduced open subscheme Z C M<“ *. Then by )
the universal quasi-isogeny over Z can be weakly bounded by some 6;. Hence we have

<,U‘z UM<,U‘1 i

and the subspaces on the right-hand side define a filtered system of closed subspaces.
i) The proof of [HV1Il theorem 6.3] shows, that Ml;—i“ w0 ig proper, as it admits a closed immersion
into one of the proper spaces called M" in loc. cit. Moreover as in the proof of [HV11] corollary 6.5],

<#1,0

it may be shown that each irreducible component of Mj is in fact projective.

Proposition 5.2.9. Let S be any perfect simply connected scheme over E. Then for (d;); sufficiently
large (depending on the 0;) there is a unique factorization

[T, MG 05 (S) < T (S

N

NH(S)

[T, MG 74(8) x s Tgg"

of maps between S-valued points.

Proof. The vertical map is surjective as it is induced from an (infinite) Galois-cover and 71 (.S) is trivial
by assumption. Hence we have to show, that () is constant on fibers of the vertical map:

Consider any element z € [, M<”“ #(9) x Ig(d % (S) (where we start with arbitrary d;’s and specify
them later on). As usual we may describe = by ((G},¥}),8:) € Mbjf’"’e"'ﬁ(S) and ((¢,¢,v), (aq,)) €

Ig(Udi)(S ). Any two preimages x1 and x2 of x under the Galois-cover are given by the very same datum,
except for (ag,) being replaced by a lift (ceo;,1) resp. (@iso;,2) to actual isomorphisms of local G-
shtukas. Thus we have to see that the definition of 7(4,,) does not depend on the choice of this lift. To
simplify notations let us only consider the modification of the global G-shtuka at just one characteristic
place and denote the resulting global G-shtukas by (gl,s?l,w) resp. (5;2,<,N02,1/1). The general case
follows immediately by applying this argument for each characteristic place separately.

Consider the following diagram

(1,1, 0) (“,0,9)

~
~
~
~
EN

(g2,¢2,¢) g?@aw

(9, 0) [
o (@

(LG}, v7)

i OaOC 2oamm /:
00,,2 i
l

(Gi, ¢}) ~~rrmmmmm (LG ¢

,¢)

where the squiggly arrows are given by functors and the dashed arrows are not yet established.
We first prove that, after choosing d; appropriately, the quasi-isogeny 51‘ O (oo;,2 O Ay 1 o (; defines
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in fact an automorphism of the local G-shtuka (G/,¢}): Note first that a1 and ae, 2 lie in one
I4,(b,,)-double coset (assuming for simplicity that we have chosen trivializations for the G.,-torsors in
question), because they both lift the Iy, (b,,)-truncated isomorphism ag4,. Hence by lemma [£.5.5 (or

fpgc-locally by the very definition) we find that Q0,2 © a;}hl € 14,(by,)(S) C Kq,(5).
Furthermore by definition of Mifi’eiﬂ, B; is weakly bounded by 6;. Thus the following lemma ensures

that for sufficiently large d;, we have
Bl oas, p0ag 10 fi €87 Ka(S) i C LTGe,(S)

Now the automorphism ;" o are, 2 0 a2 1 0 B; 1 (G], @) = (G, ¢}) defines together with the identity
id: (9,0,9)c\{e:}: = (Z,0,%)|c\{e;}, an isomorphism

(5217;91,1/1) — (522,?02,1/0

by the fiber product diagram of categories in corollary [5.1.16] Hence we get as desired

T(o0:) (T1) = T(00,)(72)
O

Lemma 5.2.10. Let 0; be a T-orbit of dominant cocharacters. Then for sufficiently large d; (depending
only on 6;) the following holds: For any LT G.,-torsor G over a scheme (or even DM-stack) S and any

o o€ Aut®(G), i.e. a morphism o : G — G which induces the identity on G x~ % LTG,, /Ky,
e and B; € Aut(LG) (between associated LG, -torsors) which is bounded by 6;,

the isomorphism of LG,,-torsors

B loaoBi: LG — LG
actually restricts to an automorphism of the LT G.,-torsor G.

Proof. Let us first prove the lemma for G., = GL,;:

As the d; defined below is independent of S and G, we may pass to some étale cover of S and assume
wlog. that G = LTGL, g is the trivial torsor. Then we may represent a € K, (S) and ; € LGL,,(S) =
GL,(S((2))). As det(8; " o ao ;) = det(a) € (S[[z]])*, we have to see that we may choose d; in such
a fashion, that 8; ' oo 8; € GL,(S((2))) has coefficients in S[[z]]. As GL, is split, I" acts trivially on
X, (T) and 0; = {¥;} contains only one element. Thus §; is bounded by ¥; over S and by proposition
2.3.3|the morphism (; ! is bounded by (—9;)dom. Hence using [HV1] lemma 4.3] or equivalently lemma
2.3.1| (both for i = 1), there are constants d; and d; (depending only on 6;) such that both 2% B; and
2% 37! have coefficients in S[[z]]. Thus take any (positive) d; > d; 4 d. Then writing a € Kg,(S) as
k=14 2%+ o/ where o € Maty,,(S[[2]]), we get

— - U
BiloaoB =1+2%p871 o - 2%

which obviously has coefficients in S[[z]]. Hence the lemma is shown for G., = GL,,.

We come now to the general case: It suffices to check the assertion after pullback along a finite surjective
morphism. Hence we may assume that G, splits over S (and we fix such a splitting). Moreover as 0; is
a finite set, we may assume that 3; is bounded by a single element ¥; € §; C X, (T")dgom. Consider then
the representation p : G¢, = GL = GL(@, Vg,,(\)), where Vg, (A) is the Weyl module with highest
weight A and the direct sum runs over a finite generating system in X*(7T)gom. By [HV11l proposition
3.14] the map p is a closed immersion. Furthermore lemma m (except for property ii)) and lemma
) hold even for P, Vg, (A) instead of Vg, (A) (using the very same proofs). Thus there is a
maximal torus and a Borel T, C Bgr C GL containing the images of the corresponding subgroups of
G., such that B;q; : LG xLC LGL — LG x% LGL is bounded by po 6; € X,(Tgr). Furthermore
it is obvious that any o € Aut® (G) gives an automorphism agy : G x= Gei LYGL — G xE"Ge L+GL,
which actually lies in Aut® (G x L Ge; LTGL). Thus by the first part of this proof, we may choose
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some constant d; (depending only on p o ¥J;) such that for any « and f; as in the statement, we get an
isomorphism of LG L-torsors

(ﬂ;l (e Ne] Bl)GL = ﬂzai o QgL © /BiGL S Aut(g XL+GU'5 L+GL)
Using the faithfulness of p, this implies that already
B toao B € Aut(G)

as desired. O

Remark 5.2.11. This lemma is a (slight) generalization of the following well-known statement:

Let 6; be any finite I'-invariant set of dominant cocharacters. Then there is a constant d; such that for
any algebraically closed field k (overF,), any g € Kq,(k) and any b € LG, (k) such that its Hodge point
satisfies u(b) <V (using the partial order in X, (T)) for some ¥ € 0;, we have:

bt.g-be LTG. (k)

As (over an algebraically closed field) being bounded by 6; is actually equivalent to satisfying p(b) <o
for some 9 € 6; (cf. lemma , this statement is indeed a special case of the lemma above.

Proposition 5.2.12. For (d;); sufficiently large (depending only on 0;), T(,) factors over a morphism

i,0i d; vi
W(di):HMiji;L ﬁXEIggj )ﬁ%N((] )

(2

Proof. The map
H Ml')j:u&ﬁ X g Iggjooz‘)ﬁ - H Ml‘)_i/:iﬂiﬁ X B Iggii)ﬁ
i i

is an infinite Galois-cover. Hence it suffices to check the factorization of () for formal neighborhoods
of geometric points. But this was done in the previous proposition. O

Lemma 5.2.13. The morphism 7(,) is surjective. In fact for sufficiently large 0; (depending on v;
and the fized cocharacters y; ), even the morphism

i
18 surjective.

Proof. As all stacks are reduced, it suffices to see this on geometric points. In particular it suffices to
show surjectivity of
=pi0; i v;
e HMbif: f ><E1g§}x> )u%NIS "
i

for sufficiently large ;. Thus consider a global G-shtuka (%, po,%) in the Newton stratum. By
definition there is for each characteristic place ¢; some quasi-isogeny 53; : £, (%, v0) — (LT G, , by, 0%).
By [RZ99, theorem 1.4] this 8; may be chosen to be weakly bounded by 6; for suitably chosen 6;.
Then we may use corollary again to glue (%, o, %0)|c\{e,}, along the 3; to the local G,-shtukas
(L*Ge,,by,,0*). In this way we obtain a new global G-shtuka (¥4, ,1) with trivializations as,, =
id: £.,(9,¢) = (LTG.,,by,,0%). It is now clear from these constructions that the points defined by
(L, (%, o), B:) inside Mbj’f_”’a"n and by (¥4, ¢, ¥, (0o, ):) inside Iggjooi)rj define a preimage of the given
point under 7(a,)- ' O

Remark 5.2.14. We give a detailed description of the fibers of m(«,) in proposition W
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5.3 Action of quasi-isogenies on Igusa varieties

We define and study the action of the group of self-quasi-isogenies of the local G.,-shtukas (LT G.,, b,,0*)
on Igusa varieties. The corresponding actions on Shimura varieties and their Igusa varieties are defined
in [Man04, sections 3.4 and 4.3.1] or [Man05, lemma 5]. We apply this action to show that m(g,) is
quasi-finite.

Definition 5.3.1. Let b,, € LG.,(E) be (as usual) a fundamental alcove defined over the reflex field
E. Fiz an integer s > 1 such that b, is decent for s, i.e. (b,,0)° = z°%i for the Newton point v]. Let
E' = FE -Fy. Then define

Ji = QISOg((L+GC7;7 bl/,;a-*)E/v (L+G07‘,7 bl/ia-*)E/) = {g € Lch (El) | gilbl/ia-(g) - bl’q}
We endow J; with the z-adic topology via its canonical inclusion into LG, (E').

Remark 5.3.2. Consider the functor on noetherian F,((z))-algebras R given by

Ji(R) = {g € Ge,(R@r,((2)) E'(()) | g~ bu,0(g) = by, }

where o acts trivially on R. By literally the same proof as in [RZ96|, proposition 1.12], this defines a
smooth affine group scheme over F,((z)). Its F,((z))-valued points identify with J;.

Lemma 5.3.3. If E"/E’ is any field extension then
Ji = QISOg((L+GCi, buiU*)E”, (L+Gci 5 byiO'*)E//)

Proof. As above the right-hand side equals {g € LG.,(E") | g~1b,,0(g) = b, }. By the decency equation
such an element satisfies g_lzs”fos(g) = 2% as well. Now it is easy to see, that g has to lie in the
centralizer of v/ (using that z is o-invariant) and hence satisfies ¢ = 0®(g). In particular g € LG, (FEs)
and the quasi-isogeny associated to g is already defined over E’, i.e. lies in J;. The other inclusion is
trivial. O

Proposition 5.3.4. There is a canonical action of [, J; on the Igusa variety Igéoo"')ti x pSpec E'.

Proof. Let us first explain how one single factor J; acts: Let S be any perfect DM-stack over E’ and
v; € J; viewed by base change as a quasi-isogeny over S. Consider a S-valued point in Ig%}’oi)ﬁ x gSpec E,
i.e. a global G-shtuka (¢, p,) over S and for each characteristic place ¢; an isomorphism oo, :
£..(9,0) — (LTG,,,b,,0%)s. Then a(_oij) 0 7j © (s, defines a self-quasi-isogeny of £. (¥, ). Thus
using theorem [5.1.11| to glue the global G-shtuka (¥, ¢,) and the local G.;-shtuka £.,(¥,¢) along
the (non-trivial) quasi-isogeny a(_oij) 0} © Q(s0,) ONe obtains a new global G-shtuka (¢',¢',9'). As
by construction £..(9',¢') = £.,(¥, ), we have a canonical trivialization () : £c;(9',¢") —
(L+ch,byja*)s. For all other places ¢; # c; the local G.,-shtuka does not change and we may
simply keep the trivializations o(s,). Thus the quadrupel (¢’,¢',v¢’, (®(x,)):) defines a point in
Iggjooi)ﬁ x gSpec E' and we set

,Yj'(gv ©s ¢a (a(ool))l) = (g/a 90/; W, (a(ool))z)

As this construction is functorial in S, we get indeed the desired J;-action.
All the actions of the groups J; commute, because changing a global G-shtuka at different places is
independent of the order. Hence they induce an action of [[, J;. (]

Proposition 5.3.5. Fiz some element (v;); € [[, J;. Then there is a tuple (d;,); depending only on
(74)i, such that there exists for every tuple (d;); a unique morphism

()i : Iggm_di‘”’)ﬁ x pSpec B/ — Iggli)ti X pSpec E’
such that the diagram

Iggjooi)ﬂ x gSpec E’ _ G Ig%}x’i’)ﬁ x gSpec E’

I (di+di,,

87 i x gSpec E’ o0 Iggl"')ti x gSpec E’
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commutes. Here the upper horizontal morphism is given by the [[, J;-action defined in the previous
proposition and the vertical maps are the canonical projections.

Proof. The quasi-isogeny +; is bounded by some I'-invariant finite subset of cocharacters. For such
elements, we showed in the last section that there is some d; ,, such that ~; - I, (diq,) - %—1 Cl,, (0).
This automatically implies for each d; > 0

i - Ibvi (dz + di,’yi) . f}/l_l C Ib"i (dz)

As in proposition[5.2.12]it suffices to check the assertion on points with values in perfect simply connected
schemes S. Thus let S be such a scheme over £’ and consider now two preimages (¥, ©, ¥, (@(o0,)1):)
and (¥, 0,9, (Q(c0,)2)i) in Ig[(}x”)ﬁ of one S-valued point in Iggjdiﬂli’”)tj x gSpec E’. Denote their images
under (,YZ)Z by (gllv 90,17 1#/17 (a(ool)l)z) respectively (gév 30/27 ¢l27 (a(ool)Q)z)
We proceed as in the proof of proposition m AS (s0,)1 and @ (o,)2 differ only by an element in
Iy, (di +di,) the quasi-isogeny

0; = (a(;ii)l%a(oom)_l © (a(OiL)Qsza(ml)Q)

= a(_oii)l © Vi_l(a(ooqz)la(_oiip)'yi O ((o;)2 ¢ 201‘ (gllv 9011) — Eci (gé’ 30/2)

is by choice of d; -, an isomorphism. Hence we may glue the identity on (¢, ¢, ¢)‘(C\{Cz}i)wq 5 and the
isomorphisms d; (for each 4) to an isomorphism

(1,00, ¥1) = (G, 05, 15).

We have to see that under this isomorphism, the trivializations o)1 and ()2 define at each charac-
teristic place c; the same I, (d;)-truncation class. For this note that we have the commutative diagram

X(o0;)2 + %
Sci (ga QO) (L Gcm b’/iU )5'
/ ol e /71
. K3 o0, —_
Qoo (004)2 ' A(001)2% (00,1
i
L, (Y. 9) (L+GciabVi0*)S Vi
l Vi
_ X (o0;)2
1 o i
Y (ooy)1 V1% (o012 ’Sci (g% 902) (L+Gcm bViU*)S
—1 —1
Vi (00;)2% (00,01 Vi

FX(oo4)1

Lo, (1, 1) (LG, by, 0%)s

But as ()1 and a(o,)2 are both lifts of one Ibw (di + d; ~)-truncation class, we have by choice of d; .,
that ’yia(ooi)Qoz(_;i)lfyi—l induces the identity modulo Iy, (d;). This shows that (4], ¢7, 91, ((ce;)1)i)
and (93, 5, V5, ((00;)2)i) indeed define the same element in Iggii)rj x pSpec E'. O
Lemma 5.3.6. With the notations of the previous proposition, the morphism

()i : Iggjdﬁ_di”"’)ﬁ x gSpec B/ — Iggli)ti x gSpec E’
18 finite étale.

Proof. Observe that we have a commutative diagram

Vi

Iggizﬂ"rdi,wi)ﬁ XESPGC El Iggil)ﬁ XESPGC El

T~

C?J x g Spec E’
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where the projections to the central leaf are finite étale. Hence the lemma follows from the cancellation
property of finite étale morphisms. O
As for Rapoport-Zink spaces of p-divisible groups, we have

Lemma 5.3.7. a) There is a canonical (left) action on J; on the Rapoport-Zink space /\/lij“ x g Spec B’
and on its underlying reduced fiber M;‘“ X g Spec E'.

b) For every ~y; € J; there exists a finite I'-invariant subset 0; ,, C X.(T) such that the action of a)
restricts to a morphism

<pi,0; 4,090,
it M % x p Spec Y — M " " xp Spec B/
i i

Here 0; & 0; 5, = {9+ |0 € 0;,0' € 0;,,} as in[5.2.6b).
¢) In the situation of part b), the morphism ~y; is a closed immersion.
All properties hold as well after taking the perfection.

Proof. a) The action is given by postcomposition of the universal quasi-isogeny with the self-quasi-
isogeny defined by the element in J;.

b) Choose 6; -, such that v; is bounded by it. By proposition ) such a subset exists over any field.
Then the assertion follows directly from [5.2.6p).

¢) Consider the commutative diagram

<pi,0; Vi Spis0i+6i 4,
Mb:"‘“el X Spec B/ —— Mb:# 7 X g Spec B

lj&i,oci ljsﬁei,w,wi

<u; Vi =i
M; " x g Spec B M; " x g Spec B
vi vi

As ; is an automorphisms of M " x g Spec E’ we see that the compositions jg, +o, 1005 OYi = Vi ©J6;,00,

. . . . . . <1 .0,
are closed immersions. As jg, t¢, L 00; 8@ closed immersion as well, we see that ; : Mb—““ ‘X pSpec B’ —
e

v

i 0i+0; ~, .. . .
Mb*# iy E Spec E’ is just another closed immersion.
All assertions are stable under taking perfections, hence the statements hold as well for the J;-action
=wiff ’
on M;""* X Spec E'. O

Theorem 5.3.8. The morphism

T(oos) : ]:[Mbju“’i X g Ig[(}x”)u x pSpec B/ — ./\/'[(,W)u X g Spec E’

7

constructed in is equivariant for the diagonal action of [[, J; on the source and the trivial action
on the target.
Moreover for every element (v;); € [, Ji the diagram

(7i)i

IL Mbju‘fi’eiﬂ XEB Iggjl")li x gSpec B’ IL Mbjf"’g;ﬁ XE Iggl’/i)ﬁ X pSpec B’

N((in)ﬁ X g Spec E’

commutes, whenever 0;,05,d; and d} are chosen in such a way that all morphisms are well-defined.

Proof. Fix a perfect DM-stack S over E’, an element (;); € [[, J; viewed by base-change as a quasi-
isogeny over S, a point x € Iggjooi)u(S) given by (¢, ¢, v, (a0, )i) and for each i a point y; € Mbju’_”ﬁ(S)
given by (G;, ¢}, Bi). To check equivariance of () it suffices to check that for each characteristiclplace
¢; the quasi-isogenies used to “glue” (¥4, p,¢) and (G, ¢}) respectively (vi):.(¥4,¢,v¢) and ~;.(G!, ¥})
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coincide.
(7:): (¢, p,) is constructed using (locally at ¢;) the quasi-isogeny

a;oll Oy O U, * 'Q‘Ci (g7 QD) — Scl((’yl)l(g7 90))

Moreover we glue (v;);.(4, ¢, ¥) and ;.(G., ¢}) at ¢; via

—1

of3; * Yooy
’Y@(gz/7 gp'lL) 7_} (L+Gci7bl/io )S — ’Scz((’}/’t)l(ga 90))

Thus we obtain the global G-shtuka (locally around c;) defining o, ((7:-%i)s, (Vi)i-x) by changing
(¥4, p, 1) along the quasi-isogeny

-1 -1 -1
_ of3; % oo (aooio'yoaooi)
aool © 61 : 71(g;7 90;) l—_) (L+ch,7bwa )S — ’gcz((’yl)l(ga QD)) I — 201’ (%7 90)

But this is precisely the quasi-isogeny used to get the global G-shtuka defining 7m(,)((y:)i,z) (again
only locally around ¢;). Hence we get indeed the desired equivariance.

The second assertion obviously follows from the compatibility statements in the previous propositions.
O

Proposition 5.3.9. Let F be any algebraically closed field of characteristic p. Fiz x € N(V‘)ﬁ( F)

geometric point. Then its fiber W(oi,;)(x) is a torsor for the z-adic group [], J;.

a

Proof. By the previous theorem, [], J; indeed acts on fibers of geometric points, which are non-empty
by lemma [5.2.13]

We first show that the action is simple on Ig(ml)ﬁ(lﬁ‘) and therefore simple on the whole source as well:
Assume there is some (v;); € [[; J; and an element (¥4, ¢, 1, (@, );) in the Igusa variety together with
an isomorphism

C : (’Yt)z(g7 2 11[}3 (0500,)1) - (g’ ©s ¢7 (aooz')i)

Considered locally around a characteristic place ¢;, we get the commutative diagram

()&, 0, 1) (&, 0,7)
¢ ¢
\g ©, P \?%W)
Le,(Y,0)
¢
(¥, 9) O%mml\&q( ,¢)
\ C /
Le,(9,0) (ff )

where the squiggly arrows are again given by functors. Hence the lower right square implies v; = id,
which implies simplicity of the action.

It suffices now to show transitivity of the action on fibers. Let (¢, ¢, 1) be the global G-shtuka cor-
responding to the point x. Pick two preimages under () corresponding to (5, 05,05, (Qoo,j)i) €

Iggooi)u(lﬁ‘) and (Gij, vij, Bij) € M'<’“( F) for j = 1,2. Then by construction

(Git, i) = £e, (9, 0) = (Giz, pi2)
and we may define (v;); € [[, J; via
vi = Biz 0 Byt € QIsog((LTGe,,by,0")5, (LT Gy, b,0%)5) = Ji.
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Then it is clear that v;.(Gi1, i1, Bi1) = (Giz, wia, Biz) for each i and we are left to show

(Vi)i- (%1, 01,01, (Qoc;1)i) = (D2, 02,2, (Qoo,2)i)-

By construction (¢, p,) is obtained by changing (4, ¢1,%1) at every characteristic place along the
quasi-isogeny
a1 0B L, (9,0) = (Gin i) = Le, (%1, 1)

and similarly for (%, @2, 12). Hence we obtain (%, pa,19) if we change (41, v1,11) at every character-
istic place along

(aslooBia) o (anty 0 Bin) = anly 07001 L, (%, 01) = L¢, (%2, 02)
Thus we can define an isomorphism (%, @2, V2, (0so;2)i) = (Vi)i-(%1, 01, %1, (o;1)i) by gluing the
identity on

(%, ¢17¢1)|(C\{Ci}i)x%ﬁ = ({4, ¢a¢)|(c\{ci}i)quﬁ = (gz, P2, ¢2)|(c\{ci}i)xFqﬁ

and for each ¢; the isomorphism

ac:olil 0 Qoo;2 * £Ci (%27 902) - 261((71)1(g17 901))
This shows that the element (v;); identifies not only the points on Rapoport-Zink spaces but also on

Igusa-varieties. O

Remark 5.3.10. The z-adic topology on ﬂ'(;i)(ac) induced by the z-adic topology on []; J; coincides
with the coarsest topology such that for all sufficiently large d; and 6; the canonical map

_ <pi,0; 004 _ <p15,05 d;
T (oo (@)1 (HMEJ: Fxp gl ”‘) - g (@) (HM,}—: s Tgl >n>

is continuous for the discrete topology on the target (which is a finite set by the next lemma).

Lemma 5.3.11. Fiz an algebraically closed field F of characteristic p and let 6; be a finite T-invariant
subset of X.(T). Then each J;-orbit of F-valued points in Mbju’“u intersects Mbju‘f“eiﬁ in only finitely
many points.

Proof. Fix one orbit J;.z C M;V“’u with wlog. = € Mi’f"’e"u(ﬁ) corresponding to (G;, ¢;, 8;). To simplify

notations we fix a trivialization of G; which allows us to view ; € LG(F). Moreover we fix a faithful
representation p : G., — GL(V) (over F).
Define the set

A={y,eJ;|vize Mi’f'i’m} = {~; € J; | vi o B; weakly bounded by 6;} C J;

where we view 7; in the second definition as a quasi-isogeny over F. Using p it is contained in the set
A" = {v; € J; | p(vi o B;) weakly bounded by p(6;)}

But for quasi-isogenies between local GL(V )-shtukas we have in lemma worked out explicit con-
ditions for boundedness. Note for this that GL(V') splits and p(y; o 3;) being weakly bounded by p(6;)
is equivalent to the existence of one ¥; € p(6;) such that p(~; o 5;) is bounded by ¥;. In particular these
explicit conditions imply that A’ is (z-adically) closed in J; and that there are constants N; and N/
(depending on 6;) such that for each ; € A’ every coefficient of the matrix p(7y; o ;) lies in 2= NF[[2]]
and every coefficient of p(v; o 8;) ! lies in z~NiF[[z]]. Thus A’ is compact as well.

Consider now the quotients (by right group actions)

A/ (B Auts(Gi, )8 ") © A/ (B Autg(Gi, 00)B; ") C Ji/ (Bi Autg(Gi, i) B ).

The group 3; Autz(G;, gpi)ﬁfl is open in J;. Together with J; being defined over a field E’ with finite
residue field and compactness of A’, the quotient in the middle is finite. Hence so is the quotient on
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the left. But one easily sees that §; Autz(G;, @i)ﬁjl is nothing else than the stabilizer of x. This gives
a bijection (of sets)
Jix A M " H(F) = A/ (B; Autg(Gi, 0:)B;7)

which proves the desired finiteness result. O

Proposition 5.3.12. Assume that (0;); and (d;); are chosen in such a way that

0 d; i
T(d;) HMbj: Ou XEIgg " %./\/'[(J i

exists. Then mq,) 1s quasi-finite.

Proof. Fix any geometric point x € /\/}(Jui)ﬁ(F) and consider its preimage 77(;1,)(:10). On F-valued points
we have the [, Ji-action and combining the propositions and any two preimages of = are

translates via some element in [[, J;. Denote the projection on the first factor by pry : [, Mbju“ w0k E

Ig§JCl"')jj =11 Mbju“ 9% Then the previous lemma implies the finiteness of the set
— i, 0i (T
pri(l (@) © [ M@
i
Fix one element y € pry (7‘('(_6&)(33)) Then it suffices to show the finiteness of the set

71'(:;) (z) Nprity).

If the ith component of y corresponds to (G;,p;, 3;), then any two elements in this intersection are
translates under the stabilizer of y, which equals

H(ﬁi Autz(Gi, )8 ") C H‘]l

7

Next observe that the group [, Aut®(L*G,,,b,,0*) C [], J; of automorphisms, which for each i induce
the identity modulo Iy, (b, ), acts trivially on Igg}ji)ﬁ: Indeed for such an element we change the global
G-shtuka at each characteristic place via some isomorphism. This induces an isomorphisms between the
global G-shtukas over the whole curve C. Moreover the trivializations at the characteristic places get
changed only by an element in I,,(b,,), hence remain in the same I,,(b,,)-truncation class.

Therefore the subgroup [[,(Aut® (Lt G.,, b,,0*)NB; Autz(Gi, i) B; ") acts trivially on W(Tii) (z)Nprit(y).
Thus 77(;1)(90) N pr;*(y) is one orbit under the group

II (ﬁi Autg(Gi, 008,/ (Aut® (LT Gey, byy0™) 0 B Autﬁ(gu%)ﬁfl))

I

which is finite as the quotient group is open and Autg(G;, ¢;) is isomorphic to an automorphism group
of a local G-shtuka defined over a finite field, and hence can be defined over a finite field itself. O

5.4 Finiteness of the cover

We saw in the last statement that m(4,) is quasi-finite. The next aim is to prove properness, which
implies that 74,y is finite and for sufficiently large (d;); surjective.

Proposition 5.4.1. 7, is satisfies the valuation criterion for properness (whenever well-defined).

Proof. Let R be any (necessarily perfect) valuation ring with function field K and consider a commu-
tative diagram

Spec K 9 5 Hl Mbj:"iyeiﬂ X g Ig%}mn

Spec R N

86



where f is defined by a global G-shtuka (%, vo,10) over SpecR and g is defined by an element
(Y, 0,9, (ag,)i) € IgU (SpecK) and for each ¢; a tuple (G;, ¢4, 0i) € M'<”“9 *(Spec K). We lift
each ag, to a trivialization a,. Moreover we will always identify (%, ¢o, 1/)0) k over the generic fiber
with the global G-shtuka constructed out of the objects given by the points in the source of 7(g,). For
example we will identify the restriction of (%, po,%o)k to C'\ {c¢;}; with the restriction of (¢, ¢, 1) to
the same subscheme. _ _

Claim 1: Each (G;, i, 3;) admits a model (G;, g;, 5;) over Spec R.

By construction we identify £., (%, v0)x = (Gi, ;). Thus the local G-shtuka (@,@) = £..(%, o)
over Spec R has generic fiber (G;, ;). By Tate’s theorem we may extend the quasi-isogeny [;
which is a priori only defined over K to a quasi-isogeny

gz’ : (517951) - (L+Gci7byi0*)R

over Spec R. As boundedness by 6; is a closed condition, 6: is indeed bounded by 6; and (@, Dis ﬁNl)
defines a point in M<‘” Ot

Claim 2: (¢4, ¢,v) admlts a model (?2, P, {/;) over Spec R.
For each i the element (£.,(¥, ), ds,;) is a local G-shtuka over Spec K together with a quasi-isogeny
(and even an isomorphism) to (LT G.,,b,,0*). Hence it defines an element in Mij“ i By corollary ,

<m

i.e. properness of irreducible components of M; "**, it extends uniquely to a local G-shtuka (QAZ, p;) over

Spec R and a quasi-isogeny a, : (G,0) > (L+Gc,i ,by,0")r (which we will prove to be an isomorphism
later on). Next observe that we have a quasi-isogeny

O/Z;‘ji_l OB;' : ’SCi(g(%SOO) = (527{57) — (@7@)

defined over Spec R. Hence we may glue (%, vo, 1/}0)|(C\{Cl}1XESpecR along these quasi-isogenies to the
local G,-shtukas (gl, ©i). This gives a global G—shtuka (g 2, w) over Spec R. Over the generic point it
is given by modification of (%, o, wo) along a . o 3;, i.e. precisely reversing the construction defining
7(4,)- Thus over the generic point (% P, 1/)) equals the given element (¢4, ¢, ).

Claim 3: ({4 ?, ¢) defines a point in the central leaf C(V‘

By construction of (% go,i/)) as a modification of (%, v, %) at the characteristic places, it defines a

R-valued point in /\/}(Jul)u. We have seen that its generic point lies in the central leaf. As the central leaf
is closed by [.2.9h), this implies claim 3.

Claim 4: a., is an isomorphism of local G,-shtukas.

Iggjooi)ﬁ — C[(JV")ﬁ is a pro-finite étale cover by theorem In particular it satisfies the valuation

criterion and we may lift the R-valued point defined by (¢, &, 1;) to a R-valued point (?!77 3,0, (al,)i)

(00i)t

in Ig;;~"" whose generic pomt equals (¢, 9,9, (as,)i). Now observe that both al, and as, define

quasi-isogenies from (G, 3) = £.,(¥,3) to (LT Ge,,b,,0*)r which coincide on the generic point. Hence
they have to coincide everywhere. In particular is i, an isomorphism.

Let @y, be the Iy (by,)-truncation class of asg,. Then (¥, 3,1, (dy,);) defines a R-valued point in
Ig (di)u and extends the tuple (¢4, ¢, ¥, (aq, ) ). Therefore we may consider the morphism h : Spec R —
H M; “““ X g Ig( D% defined by (Gi, @i, Bi) (for each i) and (¥, 3,1, (@, );).

Note that lifting (g ®, w) to infinite level is only done for convenience and only a lift to Iggj RERT actually
necessary.

Claim 5: The morphism h makes the diagram above commutative.

g = h on is precisely the statement, that the shtukas defining h extend the given ones on the generic
fiber. f = m,) o h rephrases as the condition that the modification of (g @,1) along o, o f; (for

each 1) is isomorphic to (%, po, %o). But (g , P, 1/1) was constructed precisely to have this property. [
Proposition 5.4.2. Assume that (0;); and (d;); are chosen in such a way that

i,0i d; vi
T(d;) HM;’:L f XEIggj ) *)N((] )
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exists. Then (g, is the perfection of a finite morphism. Moreover for sufficiently large 0; (and thus d;)
1t 1is surjective.
Proof. Newton strata NL(,Vi), Rapoport-Zink spaces Mbju“ 0 and Tgusa varieties Iggii) are DM-stacks of

finite type. Hence the composition of 74, with the projection to N((]Vi) has to factor through a finite
totally ramified cover of [], Mbjy’_“"gi XE Ig(L‘,ii). Denote this morphism by

may  [Jo M e oM I N

Propositions [5.3.12] and imply that it is quasi-finite and satisfies the valuation criterion for proper-
ness (because one may check these after a cover). Moreover it is of finite type, hence finite.
The surjectivity assertion was already shown in [5.2.13 O

Remark 5.4.3. i) We show that 7(q,) itself is finite in theorem )
ii) Up to Frobenius-pullbacks of the Rapoport-Zink space,

Ty : HO_*NM‘<ML7 "X g N Ig N(Vz
is precisely the analogue of the covering morphism constructed by Mantovan in [Man04] and [Man05].

5.5 An étale version of the covering morphism

So far we defined the finite morphism m4,). Nevertheless it will be more convenient to have an étale
and quasi-finite version of this morphism. Fortunately this is easily constructed by restricting (g, to
some open subset of the source.

Definition 5.5.1. a) Let M;;”“ei be the largest open subspace ofMi’fi, which is contained in Mi’_“’ei
Let M;jyj_‘”’gin be its perfection, which coincides with the largest open subspace of MEJ‘A contained in

=pq,0if
Mbui .

b) Let 7,y : I1; Mgf“i’ein X Iggi‘)ﬁ — ./\fI(J”‘)ﬁ be the restriction of m(qg,).

Lemma 5.5.2. For every 0; there exists some bound 0. such that

MO_<M'L; i C M_<M“ i C MO<H11
b

v, /

Proof. The first inclusion is immediate from the definition. For the second inclusion recall that the space
Mbju” 01 g quasi-compact by remark w i), hence contained in a finite union of irreducible components

Z; C Ml;—i“ ' As Mbjy” ‘ is locally of finite type, each irreducible component intersects only finitely many

others. So the union Z! of all irreducible components of Mj“ ‘ intersecting Mfuﬂ * is still quasi-compact.

Vi

Thus we may choose 6 such that Z! C M<'L i, Then by our choices

=pi0; =pi,0
Mt v

Proposition 5.5.3. Assume that (0;); and (d;); are chosen in such a way that

H M"Wﬁ # g Igld? Aot

exists. Then (4, is formally étale.
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Proof. Consider a closed immersion Ty C T of affine schemes given by a square-zero ideal and the test
diagram

T (fo,90) HiszM,eiﬁxlggﬂ)ﬁ

- _7
(fag)/ - iﬂ—(d‘)

- (vi)t

As maps from an affine space Spec A into perfect schemes factor over the Spec A’, where A’ C A is
the maximal subring on which the Frobenius is surjective, we may wlog. assume that Ty and T are
perfect themselves. Let now (¢, ¢, 1) (over T') be the pullback of the universal global G-shtuka along h,

G, vi, B;) (over Ty) be the pullback of the universal family on the Rapoport-Zink space M Sribil glon
¥ P y pop P g

fo and ((¢',¢",4"), (ay,)) (over Tp) the pullback of the universal family over Iggj % along go- Then
by assumption £, (¥, ¢)|r, = (Gi, ;). Thus we may extend f3; by proposition [2.4.4] to a quasi isogeny
Bi: Le,(4,0) = (LTGe,,b,,0*) over T. Then (£.,(4,¢),3;) defines a morphism T — MM’“ ¢, which

by perfectness of T lifts to f : T — MZf“ il By construction f extends fo. Now the modlﬁcatlon

of (¢,p,1) along the quasi-isogenies ; on each characteristic place, defines a new global G-shtuka
(4, 9,) over T together with canonical Iy, (b,,)-truncated trivializations ag, : £.,(4, @) — £.,(4,¢).
This defines a morphism g : T — Ig(d 2%

We have to see that both triangles in the test diagram commute. The lower one is obvious from the
construction of §g. For the upper one, note that (¢4',¢’,¢’) can be identified with the modification of
(9, p,¢)|1, along the 8; ! ooy (for any choice of fpqc-locally representing ;; by a honest isomorphism).
Thus there is a canonical isomorphism (S{Z s @, 0) |1, =2 (9, ¢, 4), which is by construction compatible
with the /4, (by,)-truncated trivializations &g, and aj, . This shows g|r, = go. The equality flr, = fo is
clear by construction of f. R

Finally we have to see that (f,g) is unique. By definition of 74,), the pullback of the universal local
G-shtuka along f has to coincide with L..(9, ), hence is uniquely determined. As extensions of quasi-
isogenies along nilpotent thickenings are unique, we get uniqueness of our choice of f . Uniqueness of
g follows now from the definition of 7 (4,), because modification of global G-shtukas along local quasi-
isogenies is an invertible operation. U

Lemma 5.5.4. Let f: X = Y be a morphism between schemes of finite type over Fq. Assume that the
perfection fi: Xt — Yt is formally étale.

a) f factors over a totally ramified cover Y =Y such that f:X— Y is étale.

b) fis étale.

Proof. a) Define Y as the maximal totally ramified extension such that f factors over it. In other words
adjoin to the structure sheaf of ¥ all p-power roots of elements, whose image in the structure sheaf of
X have p-power roots of the same order, and then define Y as the relative spectrum over Y. It is clear
that f factors over this Y and that Y is totally ramified over Y. Moreover Yi=Y*and fi=rt

To see that f is étale, note that satisfying the valuation criterion for étaleness implies that f? defines
isomorphisms on completions on local rings. Hence for a geometric point # € X with image y = f € Y,
the ring @ is a totally ramified extension of (ﬁf,\y , because they define the same ring after perfection.
So by construction of 57, they have to be equal. But on DM-stacks of finite type, this implies étaleness.
b) is a direct consequence of [Zhuldl lemma A.6]: f is étale, hence so is f* which coincides with f#. O

Theorem 5.5.5. Assume that (6;); and (d;); are chosen in such a way, that all morphisms exist.
a) The morphism

’/T(d ) HMO<#“9 i XE IgU N(Vl

1s étale and quasi-finite.
b) The morphism

i,0i d; v;
T(d,) HMbj: Ou XEIgg " %./\/'[(] i
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finite.
Moreover for all sufficiently large (0;); and (d;); both morphisms are surjective.

Proof. Proposition implies that we can apply the previous lemma to 7(g,), proving ¢taleness. 7(4,)
is quasi-finite as a restriction of the quasi-finite morphism 74,), cf. proposition

We already know that m4,) is quasi-finite by proposition and satisfies the valuation criterion for
properness by proposition [5.4.1} So it remains to see that it is of finite type, which will follow from the
same property for 7(g,): As the transition morphisms between Igusa varieties are finite étale, it suffices
to check this for all sufficiently large (d;);. Now choose 6} as in lemma such that we have a closed
immersion

M:““ i MM”“

v

Hence the same inclusion of their perfections is again a closed immersion and

i 0i d; 0=pui,0; di) Tdy) vi
W(dz)HMb_: ti><EIg§] m‘—)HMbwu IiXEIggj )ﬁ—>N[(] )

is a composition of morphisms of finite type, assuming that (d;); is large enough for 74,y to exist. So
T(4,) is indeed of finite type.

Surjectivity of m(4,) was already shown in proposition Surjectivity of 7(4,) follows now, because
T(q,) extends the surjective morphism m(g4,) for all sufﬁmently large (6.);. O

Proposition 5.5.6. Let (v;); € [[; Ji. Then there are d;,, and 0;., such that there exists an étale
morphism

)i : HMgfﬂi,eiﬁ X5 Iggi'i""di,w)ﬁ X pE' — HMZiHivei@ehwﬁ X g Iggii)ﬂ X pE'

induced from the diagonal action of (v;); on []; Mbjf_“ﬁ X B Iggjooi)ﬁ.

Proof. As (v;); acts diagonally, we can handle Rapoport-Zink spaces and Igusa varieties separately. For
Igusa varieties this is just proposmon 5l and lemma[5.3.6] In the case of Rapoport-Zink spaces, first
note that ’y,(MH”“ ‘1) C M Swif is an open subscheme, as the image of an open subscheme under some
automorphism. Moreover lemma - shows the existence of some 6; , such that

0.0,
s b X g Spec E’

i Mbjy”_“’eiﬁ X g Spec B/ — M_
is well-defined. Thus %(MM“ v ‘ﬁ) is an open subscheme of the Rapoport-Zink space, which lies in

Mw“e 1005, 0= 411,050,

b, x g Spec E’. Hence it is contained in M,° x g Spec E’. But this is nothing else

that the existence of some 0; such that

o=p;,0;D6; ‘Yz

i Mgf“i’eiﬂ X Spec E' — M~ x g Spec E’

exists. Moreover it is clearly an open immersion, hence étale. O

Remark 5.5.7. Alternatively one can deduce étaleness of (v;); by considering the commutative diagram

Hz’ Mgf/—‘iaeiﬁ X 5z Ig[(JdiJFdi,wﬁ) x pSpec E/ Vi Hz Mifuiﬁi@eimﬁ X5 Iggii)ﬂ x pSpec E/

./\/‘[(Jui)ti X i Spec B’

and using that the morphisms 7(4,) and 74,14, . ) are étale by the previous theorem.
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Lemma 5.5.8. In the situation of the previous proposition, fix some d; > d;. Then the commutative
square

0<11: 0 di4d; ~. i =i ,0:;®0; ~, ;
Hi be““g”u X B Iggj”+ i)t x gSpec B’ % Hz MZ;# ®Oi XE Igg}il)ji X gSpec B’

| |

i 03 itdi ~, i i,0:D0; ~. .
Hi szﬂzﬂzﬂ X5 Iggd +di ;) x pSpec E/ _r Hz sz# B0;,+,; 4 X Igg}ib)ﬁ x pSpec E’

s a fiber product diagram.

Proof. Denote the fiber product space by X. Then the universal property gives a morphism

f e [Ty s 1o sy — x
%

But both spaces are finite étale Galois-covers over Hl Mgf“i’ain XE Iggjdiﬂii’”)ﬁ x pE’ of the same degree
[Lila va; . (bo,) : Lar ()] = T ;[ Las+ds 5, (bu,) & La;(by,)]. Hence the morphism f is a finite étale Galois-
cover of degree 1, i.e. an isomorphism. O

Remark 5.5.9. The same result obviously holds as well for the closed spaces [], Mij” 2% instead of
I Mzﬁﬂiﬁiﬂ '

5.6 Dimensions of arbitrary leaves

As a first application of this product decomposition, we show that every leaf, i.e. the locus in one
Newton stratum with fixed isomorphism class of associated local G-shtukas, has the same dimension.

Definition 5.6.1. Fix for each characteristic place ¢; a local G, -shtuka (G;, ;) over a finite field E'.
Then define the set

C((]g""pi)i ={z e Xt | L., (9", ") xxw Speck = (G;, ¢i) x g Speck for each¢;},
where T : Speck — XY} is any geometric point with image x.

As for central leaves, C((]gi’(pi)i is a closed subset in the corresponding Newton stratum, hence locally
closed in X/;. We endow it with the reduced substack structure, making it into a DM-stack over E’ and
call it a leaf in XZ}.

Proposition 5.6.2. Fix a Newton stratum NL(,W). Then every leaf in N[(]Vi) has the same dimension.

Proof. We prove that the leaf corresponding to local G,,-shtukas (G;, ¢;) has the same dimension as our

fixed central leaf. As perfections preserve dimensions, it suffices to compare the dimensions of C[(Jgi’ipi)irj

and CV*.
Choose for each i a quasi-isogeny f3; : (Gi, vi) — (LT G.,, by, 0*), which exists at least after base-change
to F,. This defines a set of points y; € Mbjy’fiu(Spec?q). Choose bounds 6; sufficiently large such that

yi € Mbju“ 29 fo1 each i and fix a tuple (d;); such that 74,y exists. We claim now that the morphism

d; iPi)i
T ()i XE Igif )t — clfoes

is well-defined, finite and surjective. Well-defined is obvious from the definition and finiteness follows
from theorem [5.5.5b) by precomposition with the closed immersion defined by the points y;. To see the
surjectivity, we proceed as in lemma[5.2.13} Fix any geometric point x € (3,(}'7"’“0")"ﬁ corresponding to the
global G-shtuka (%, vo,%0). Then by definition of the leaf, we may consider the quasi-isogenies
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which define again the points y; in the Rapoport-Zink space. Moreover the modification of (%, ¢o, %o)
along these quasi-isogenies define a global G-shtuka in Iggl o (using the identity as the trivialization of
the associated local G.,-shtukas), which lies in the preimage of x under m4,). This shows surjectivity.
In particular we have

9% — dim g = dim O

6 Lifting to formal schemes and adic spaces

So far we worked only over the special fiber corresponding to the fixed characteristic places (¢;);. We now
wish to extend 7(g,) and 7(4,) to morphisms of formal schemes, whose underlying reduced subschemes
are the ones considered in section 5| or at least reasonably close to them. By applying Huber’s generic
fiber functor, we obtain similar covering morphisms for associated adic spaces.

6.1 Central leaves as formal schemes

We construct now the central leaf, not as a reduced subscheme of the special fiber of the moduli space of
global G-shtukas, but as a formal scheme. A priori we could just take the formal completion of the moduli
space VEH}(C, G) along the central leaf C,(J” ") However there are disadvantages in using the resulting
formal scheme: First of all the construction of the extended covering morphism could not be made using
the universal families as done in theorem but only using the equivalence of deformations of global
and local G-shtukas, cf. remark [6.2.3] Secondly it would turn out, that the resulting morphism is not
adic, having therefore none of the expected properties like being finite or étale. Thus we define the
(formal) central leaf Cg’ 2 (loosely speaking) as the locus in VAH},(C, @), where the universal global
G-shtuka has associated local G-shtukas fpqc-locally isomorphic to (L*G.,,b,,0*), cf.

From now on we fix local coordinates ¢; for {c1} X ... {ci—1} x C x {cit1} X ... x{en,} C C™\ A at the
point ¢; once and for all. This way we identify Spf F[[(1, ..., (,]] with the formal completion of C™\ A
at the point (¢;);.

Definition 6.1.1. a) Let X, be the formal completion of VEH(C,G) along the special fiber Xt =
V?ci)/H(lJ(Cv G). It is by construction a ((1, ..., Cy)-adic formal scheme over Spf E[[C1, ..., (,]] € C™\A.

Let %’[}ﬁ be its perfection over Spf E[[(1,. .., C]]F

b) Let ‘ﬁgi) C Xt be the formal completion of VEH(C,G) along N[(Jw). The formal scheme ‘ﬁgi) is

not (C1,...,Cn)-adic nor is the inclusion ‘)?(Ji) C X an adic morphism.

Let ‘ﬁgjy")ﬁ be its perfection.

Remark 6.1.2. i) The formal scheme ‘ﬁg ) represents the locus in X}, that admits a fpgc-cover over
which for each characteristic place the local G-shtuka associated to the universal global one is quasi-
isogenous to (LTG,,b,,0%). Indeed: It is obvious, that the reduced subscheme underlying such a locus

has to be contained in N[(Jui). Hence the locus of existence of such a fpqc-local quasi-isogeny has to be

contained in ‘ﬁg”'). Conversely such a fpqc-cover over ‘ﬂgji) is constructed in the proof of theorem
(and called Y there). Actually we show the existence of such a cover only modulo some power of an
ideal of definition, but the constructions are easily adapted.

ii) Alternatively %’L‘,ﬁ can be defined as the formal completion of the perfection VEHL (C, G)* along the
special fiber X’[}ﬁ. The same applies to the Newton stratum ‘ﬁg}’i)ﬁ.

We have already seen that Ig(Uooi)li — C(U" E C[(J" Vs a fpgc-cover over which the local G-shtukas as-

sociated to the universal global G-shtuka admit a (canonical) isomorphism to (LT G,,,b,,0*). Therefore
it is natural to make the following

Definition 6.1.3. Qﬁl(}'i) is the locus in X{;, where some fpgc-cover exists such that for each characteristic
place ¢; the following holds: The local G-shtuka associated to the universal global G-shtuka at this charac-
teristic place c¢; admits (over this cover) an isomorphism to the constant local G-shtuka (LT G.,,b,.c*).
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To be more precise, Qgi) is the fpqc-sheaf on X%, which has on a test scheme S — X% exactly one

element if some fpqc-cover of S exists with the properties above. Cg’i)(S) is empty otherwise.

Let th"i)ﬁ be the perfection of Qfgjui).

Before we can start proving representability results, we need the following general lemma, which is
surely nothing new.

Lemma 6.1.4. Let X be any quasi-compact noetherian scheme over a field k. Then there exists a
fpgc-cover Y — X such that each connected component of the underlying reduced subscheme Y4 is
irreducible, normal and has an algebraically closed function field.

Proof. Assume first that X is irreducible with function field k(X). Then we can just take as Y the
normalization of X in the algebraic closure k(X).

In the general case we may assume wlog that the reduced subscheme X9 is irreducible. Then after
passing to some open cover, we may embed X into X xj Spf k[[ty,...,t,]] for some n > 0. Choose
now a fpge-cover Y4 — X4 which is normal and has algebraic closed function field. Then Y4 x
Spf k[[t1,...,ta]] = X" x4, Spf k[[t1, ..., t,]] is still a fpqc-cover with this property. We define now

Y=X X Xred x Spf k[[t1,...,tn]] (Yred Xk Spfk?[[tl, s 7tn]])

It is obviously a fpqc-cover and the reduced subscheme of Y equally Y4, hence is normal and has as
well an algebraically closed function field. O

Remark 6.1.5. Note that although X is noetherian, Y will no longer have this property.

Theorem 6.1.6. ngi) exists as a formal scheme over Spf E[[C1,...,(n]]. We call it the (formal) central
leaf.

Proof. Obviously Ql(}'i) lies inside ‘II(U” “‘), which equals the locus, where the associated local G-shtukas

are quasi-isogenous to (L1TG,,,b,,0*). Choose an ideal of definition I for ‘ﬁg} ") Then we have to show

that for each d > 1 the locus inside ‘ﬁg/)/ I?, where the associated local G-shtukas are isomorphic to

(L*G,,,by,0*), is representable. But it suffices to do this fpgc-locally. Hence choose any Y — ’ﬁgﬁ) /14
as in lemma and assume wlog. that Y™ is irreducible. We denote by (Gemiv puniv) the local
G-shtuka over Y associated to the universal global G-shtuka at the characteristic place ¢;. As there are
only finitely many characteristic places, it suffices to deal with each characteristic place separately.
Claim 1: There exists a Jp, -torsor of quasi-isogenies v : (G, i) = (LG, , by, 0%).

As the generic point 7 has an algebraically closed function field, we can choose some quasi-isogeny oy
over it. By Tate’s theorem of extending quasi-isogenies and normality of Y™ it extends to a quasi-
isogeny ayrea over Y4 But now rigidity of quasi-isogenies for nilpotent thickenings implies, that
ayrea extends uniquely to a quasi-isogeny « over all of Y. The claimed Jp,,-torsor of quasi-isogenies
comes now by post-composing « with self-isogenies of (LT G..,b,.0*), which are parametrized by I, -
Claim 2: There are only finitely many J,, N LTG,,-cosets of these quasi-isogenies, that restrict to an
isomorphism on some geometric point of Y.

Fix one quasi-isogeny a. The goal is to bound all v € Jp, such that o« restricts to an isomorphism at
some point. For this note first that one can bound a by some p': Over the generic point v, is bounded
by some p (as n has algebraically closed function field). As the locus of boundedness is closed, @yrea is
bounded by x as well. Now the d-th power of the ideal defining Y™ C Y vanishes, hence by proposition
there is some other bound p’ such that all of « is bounded by it.

Consider now v € Jp,, and assume the quasi-isogeny 7 o « is an isomorphism at some point y € Y.
Then ~ (at this point y) is the composition of an isomorphism and a;l, which is bounded by p/~!.
Hence ~ itself is bounded by p/~!. But there are only finitely many choices of Ib,, N L*G,,-cosets of
self-isogenies ~, which are bounded by p/~!.

Claim 3: The locus Z where at least one of the quasi-isogenies « is an isomorphism, is representable
by a closed immersion.

Being an isomorphism is equivalent to being bounded by the zero cocharacter. Hence the locus where
one fixed quasi-isogeny « is an isomorphism is representable by a closed immersion. Next observe
that all quasi-isogenies in J;, N L*G,, are isomorphisms, hence this locus coincides for all elements
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in one Jp, N LTG,,-coset. Thus claim 2 implies that the locus, where at least one quasi-isogeny is an
1somorphlsm is a finite union of closed immersions, hence representable by a closed immersion.

Claim 4: If S — Y is any fqpc-morphism such that exists an isomorphism 8 : (GY"v, p¥niv) —
(L*TGe,,by,0*) over S, then S already factors through Z.

We even claim that the isomorphism [ over S actually comes by pull-back from one of the quasi-isogenies
a defined above. To show this, pick any quasi-isogeny a over Y and pull it back to S. Then 8o a~!
defines a self-quasi-isogeny of (LTG,,,b,,0*) over S. As the set Jv,, of self-quasi-isogenies is totally
disconnected, 3o a~! has to be constantly equal to one v € Jp,,. But this shows that B is simply the
pullback of the quasi-isogeny v o « from Y to S.

Now claim 4 implies, that the formal scheme Z we constructed in claim 3 equals (Qfgjui)/ld) X o) /pa Y.
This proves the theorem. ’ O

Proposition 6.1.7. ngi) is (C1,...,Cn)-adic.

Proof. Tt suffices to see that the special fiber ng"')/(gl, ey Cp) = CU vi) XSpf E[[C1,....¢a]] SPeC E exists
as a scheme. We already know by theorem [6.1.0] that it exists as a formal scheme. So it suffices
to show that for every algebraically closed field k a morphism f : Speck[[t]] — X[ factors through

Cg’i)/(cl, ..., Cpn) if its restriction to Spf k[[t]] does. As all L*G-torsors over Speck[[t]] are trivial, we
may apply [HV11], proposition 3.16] (using that all torsors are nice in the sense of section to establish
an equivalence of categories between bounded local G-shtukas over Spf k[[t]] and over Spec k[[t]]. The
very same arguments show as well, that we have an equivalence between bounded quasi-isogenies over
Spf k[[t]] and over Speck[[t]]. In particular taking the zero cocharacter as a bound, we see that an
isomorphism over Spf k[[t]] extends uniquely to a quasi-isogeny over Spec k[[t]], where it is again an

isomorphism. Hence f factors indeed though Cg’i) /(C1y .oy Cn), if its restriction to Spf k[[t]] does. O

Lemma 6.1.8. ng"i)ﬁ is the locus in ‘ﬁg/i)ﬁ, where some fpgc-cover exists such that the local G-shtukas
over all ¢; can be trivialized in the sense of definition|6.1.5.

Proof. This is immediate as Cgi)ﬁ — Q(V"') is a fpqc-cover itself. O

Corollary 6.1.9. For all tuples (d;); the sheaf figU over ng'i)ﬁ defined by

(d ) (T (T) = 14,(b,,)-truncated isomorphisms between the associated local G-shtukas
and (LTG.,,b,,0*) for all characteristic places ¢;

for all schemes T over Qg’i)ﬁ, is representable by a (C1,. .., Cy)-adic formal scheme, which is finite étale

W We call the jggjdi)ﬂ (formal) Igusa varieties.

00, )

over &

parametrizing trivializations of the whole associated local G-shtukas is representable

by a ((1,...,Cn)-adic formal scheme. It is isomorphic to L(d ) Jg,(Jd ",

Similarly ng

Proof. All assertions are immediate from section 4} when considered over Qg’i)ﬁ /(Ciy.v s Gu)" for any
r > 1. Obviously the Igusa varieties are compatible for varying r and the corollary follows for the stated
formal schemes. (|

Remark 6.1.10. The reduced subscheme underlying C;}'i)ﬁ is, as already remarked above, equal to

C(Vz‘)ﬁ (di)t _ g(di)ﬁ X oy C(Vi)ﬂ

. Moreover we have isomorphisms Ig;; i . As all Igusa varieties (whether

(di)t

formal or not) are finite étale over the respective basis, we may characterize Jg;;*’" as the unique finite

(vi)t (di)f

étale formal scheme over €;"" with reduced subscheme Ig;;

6.2 The infinite covering morphism of formal schemes

We first deal with extending the morphism

T(o01) HM Hill s gy Tg{0F —y AR
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Theorem 6.2.1. There exists a canonical morphism of formal schemes over Spf E[[C1, . . ., )]

00;)t vi)t
(o) HM F XSt Ellcr. ol J05F = MY

restricting to T(,) on reduced subschemes. T(oo,) is formally étale.

Proof. The construction is word for word the same as on the special fiber, cf. Note however that
we now need theorem in its full generality. That 7 (o) restricts to m(«,) is obvious.

To show formal étaleness consider a closed immersion Ty C T of affine schemes given by a square-zero
ideal and the test diagram

Ty 0 [T MERE g

-

. ¢
(f,9) ~ T(oog)
~

~

- (vi)t
T - plLes

As maps from an affine space Spec A into perfect schemes factor over the Spec A’, where A’ C A is
the maximal subring on which the Frobenius is surjective, we may wlog. assume that Ty and T are
perfect themselves. Let now (¢, ¢,v) (over T') be the pullback of the universal global G-shtuka along
h, (Gi, s, B:;) (over Ty) be the pullback of the universal family on the Rapoport-Zink space /\/lbjy“ i

along fo and ((¢',¢",v"), (aly,)) (over Tp) the pullback of the universal family over Cig%}x”)ﬁ along go.
Then byNassumption Le,(9,0)|1, = (Gi, ;). Thus we may extend f; by proposition [2.4.4 “ to a quasi-
isogeny f; : £¢,(4,¢) — (L*G.,,b,,0*) over T. Then T being a perfect scheme, (£.,(¥,¢), 5;) defines

an extension f : T — ./\/l<‘“ﬂ of fo. Now the modification of (¢, ¢, 1)) along the quasi-isogenies f;

on each characteristic place, defines a new global G-shtuka (% @, 1¢) over T together with canonical
trivializations G, : ¢, (4, $) = £c,(¥4, ). This defines a morphism §: T — Jg(ool)ﬁ

We have to see that both triangles in the test diagram commute. The lower one is obvious from the
construction of §g. For the upper one, note that (4',¢’,¢’) can be identified with the modification of
(9,¢,)|, along the ;' o /.. Thus there is a canonical isomorphism (G, 5,01, = (9, ¢, W),
which is by construction compatible with the trivializations do, and al . This shows |z, = go. The
equality f|z, = fo is clear by construction of f.

Finally we have to see that ( f ,§) is unique. By definition of 7(.,), the pullback of the universal local
G-shtuka along f has to coincide with £.,(9, ), hence is uniquely determined. As extensions of quasi-
isogenies along nilpotent thickenings are unique, we get uniqueness of our choice of f. Uniqueness
of g follows now from the definition of 7(.,), because modification of global G-shtukas along local
quasi-isogenies is an invertible operation. O

Lemma 6.2.2. Let Y be any formal scheme. Then the diagram

Y f Hz Mbjpl.“ﬁ % jggool')ﬁ

g iﬁ(mi)
(va)t
Ny
commutes if and only if the following two conditions are satisfied:

e The diagram commutes, when restricted to Y X1 “”u [LM <’“

e For each characteristic place, the universal local G-shtuka obtained from pulling back the universal
family over Mif_‘iﬁ along f coincides with the local G-shtuka associated to the global G-shtuka

vi)f

obtained from pulling back the universal family over mé along g.
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Proof. Using the first condition, the assertion reduces to comparing deformations of global G-shtukas.
By [AH14a, theorem 5.10] such deformations are determined by the deformations of associated local
G-shtukas at the characteristic places. Hence the second condition ensures, that the pullback of the
universal family via g coincides with the pullback along f o 7(,). The lemma follows. O

Remark 6.2.3. Of course we could have defined 7(.,), by taking m(,) on reduced subschemes and
then extending everything via the equivalence of deformations [AHI4al, theorem 5.10]. However in the
way presented above, one retains a very good control of 7(.,,) over the whole formal scheme, and not
only over its underlying reduced subscheme.

Proposition 6.2.4. T(,) is an adic morphism.
Proof. Let I be an ideal of definition for ‘ﬁg’i), which then by construction is an ideal of definition for

‘ﬁgji)ﬂ as well. Now the intersection of all powers of I is zero, so the same holds after pulling it back
along 7(s0,). Thus it suffices to show that ¥ = sﬁg}”)ﬁ/l X vt (H /\/1 XSPfE[[Ch Gl Jggoo")g
U

exists as a scheme. As ((1,...,(,) C I, we may get the more convenient form
Y =0T x e, <HM<“’”/ CloeeesGa) X TGS (G, - -,Cw)>

As it obviously exists as a formal scheme, we proceed similarly to proposition [6.1.7] i.e. we show that
for any perfect valuation ring A, any morphism f : Spf A — Y extends to a morphism f : Spec A — Y.
First of all ‘ﬁ(”i ﬁ/I is a scheme, hence prio f : SpfA - Y — ‘ﬂg”)ﬁ/l extends over Spec A. Using
corollary |6 one can extend proo f: SpfA —-Y — ﬁg(oo )ﬁ/(cl7 ..., Cn) by the same reasoning.

Moreover using the extended version of pry o f, one gets a global G-shtuka over Spec A. Its associated
local G-shtukas are by construction algebraizations of the local G-shtukas defined by pulling back the
universal ones from [], M<” #, Now the quasi-isogenies defined by pra o f : Spf A — M ZHil are
bounded, hence can be algebraized by the argument given in [HV1I1l proposition 3.16]. This deﬁnes
a morphism g : SpecA — T[], M<“ # which factors over Hi./\/l;;—<uf”ﬁ/(Cl7...7Cn)7 because the global
G-shtukas inducing the local ones are defined over Spf E[[(y, ... ,Zn]]u/(cl, ...,Cn)- Then the triple
(prio f,g,prao f) : Spec A — Y extends by construction f as desired. O

6.3 An étale covering morphism of formal schemes

Our next objective is to define a generalization of 7(4,) to formal schemes. It will be adic, étale and
surjective (in a strong sense).

Definition 6.3.1. Fiz a weak bound (0;); and recall the open immersion M <““ iy Mﬂw, As
étale morphisms extend uniquely to nilpotent thickenings, there is a unique open formal subscheme
MT““e ey M<”‘ , whose reduced subscheme equals MM‘“’O‘ji

We view []; MM“”Q * as a (non-adic) formal scheme over Spf E[[C1, ..., Cal]t in the usual way.

Proposition 6.3.2. Fiz a weak bound (9 )i. Then for all sufficiently large tuples (d;); (depending
only on (0;); as m proposition [5.2.19), there exists a canonical morphism of formal schemes over
- o=pi,0; ~ i v;
T(d;) * HMb;.“ F Xspt Bl T80 NG

restricting to 7 (q,) on reduced subschemes. Moreover T (o gl factors through ;T'\(di)'
U

|1_IM0—<M 0t
Proof. Proposition still holds (with the very same proof) for S-valued points, where S is now a per-
fect formal scheme over Spf E[[(1, .. ., (,]]* with simply connected underlying reduced subscheme. In par-
ticular we get as in the reduced case (cf. proposition |5.2.12) a factorization of (.

|1—IM0<M Bi8 g0t
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.....

= . o=pi,0;8 ~ o (di)t (vi)t
T(ds) - HMby,f XSt E[[¢r.....¢a)) 99y Ny

?

coinciding with 74,y over the underlying reduced subscheme.

Now let (%, ¢o0,%0) be the pullback of the universal global G-shtuka to [], Mgf”"’oiﬁ X Spf E[[C1,.esCn]]
jggl 9% and denote by (G, ¢;) (for each characteristic place ¢;) the universal local G-shtuka defined by the
Rapoport-Zink space MZf”i’e”ﬁ. Then (G;, ;) coincides with £.,(%, ¢o) where both are defined. By

[AHI4al, theorem 5.10] deformations of global G-shtukas are uniquely determined by the deformations
of their associated local G-shtukas. Hence the (G, ¢;) for each characteristic place define a unique

a perfect basis) defines the morphism %(di)'

It remains to see that 7,) factors through %(dq:% This follows essentially from lemma but for the
morphism 74, instead of 7). We nevertheless give the argument for sake of completeness: Denote by
(9, ¢',9") the global G-shtuka over [, M;i”i’eiﬁ X Jgg)oi)ﬂ obtained by pulling back the universal family

along T(oo,). If we pull back (¢, p,1) along the canonical morphism ro, : []; M;;”“em X Jggjooi)ﬂ —

]_[i./\/lzf“i’giji X jg(Udi)ﬁ, we obtain another global G-shtuka, still denoted by (¥, ¢, ). We have to see
that (¢4',¢’,¢') and (¢, ¢,v) are isomorphic. Indeed over []; Mgf“i’aiﬁ X Jgg)oi)ﬁ this follows from

the construction of %(di)' Moreover the associated local G-shtukas are both canonically isomorphic to
(Gi, vi). Hence the local description of deformations of global G-shtukas [AH14al, theorem 5.10] lets us
conclude (¢, ¢’ ") =2 (9, ¢,1). O

Proposition 6.3.3. %(di) s adic and étale.

Proof. We first prove that %(di) is formally étale. This follows in the very same way as for T(o,), cf.

theorem One only has to notice, that by definition any morphism S — Mi“ i of formal schemes,

whose underlying reduced subscheme maps into MZ;“ 108 actually factors through sz“ 0.0if

That %(di) is adic follows now in precisely the same way as in proposition That it is étale is again
a consequence of lemma which generalizes to adic morphisms between formal schemes: Take
some power I” of the ideal of definition on the target and consider the morphism between the closed

subscheme defined by %z‘di)(l ™) of the source and the closed subscheme defined by I" on the target. By
the lemma this is étale, hence so is the limit morphism %(di)' O

Remark 6.3.4. Instead copying the proof of proposition[6.2.4] one can argue as follows: As a restriction
of an adic morphism to an open formal subscheme, 7(,) is adic. It is a composition

<0, .
l—IMg;ilh, lﬂxjggjooz)ﬂ

of %(di) and an adic surjective (and pro-étale) morphism. Hence ?r(di) is adic as well.

Proposition 6.3.5. For all sufficiently large tuples (6;); and (d;);, the morphism %(di) satisfies the
following surjectivity assertion: Let S be any perfection of a quasi-compact noetherian formal scheme
over Spf E[[¢1,...,Cu))F and f: S — mg”")ﬁ any morphism of formal schemes. Then there exists an
étale cover S' — S and a morphism f:S" — ]_[i./\/lzuji“i’(Mi X Spf B[[C1,.sCn]]t 3g§]di)u such that

f 0=p;,0; d;
S ——TL, My "% Xspe e, e J85

i%\(di)

vi)f
S i)

commutes.
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Proof. We define

Then f is nothing else than the projection onto the second factor and the previous proposition implies,
that S’ — S is étale. Surjectivity for étale morphisms can be checked on underlying reduced subschemes.
Now Tr(a;) 18 surjective, which was shown in lemma [5.2.13| by considering geometric points. Hence

!.d — Sred s surjective as the base-change of T(d,;) along fred. O

Remark 6.3.6. The formal schemes S to test surjectivity above need not be adic or admissible. In
particular S could as well be any (usual) scheme.

6.4 A finite covering morphism of formal schemes

We define now a generalization of the finite morphism 74,y to formal schemes. This morphism 7(4,)

will turn out to be adic, finite and surjective (at least for sufficiently large (d;);). But the underlying

<u7 0t (di)t

reduced subschemes of the source will not coincide with [ M x g Igy " but rather with a closed

subscheme of it.

Definition 6.4.1. Consider the coherent sheaf of ideals in O <Mu of all functions vanishing on

[1M;
IL MM““M By [EGAIL section 10.14] this ideal sheaf corresponds to a closed formal subscheme
IL M<’“’9 i IL ./\/l<“7 such that the inclusion morphism is adic and of finite type.

The underlymg reduced subscheme is the closure of [ [, MZ;’“’M in ], Mbjfiﬁ,

Proposition 6.4.2. Fiz a weak bound (0;);. Then for all sufficiently large tuples (d;); (depending

only on (0;); as in proposition , there exists a canonical morphism of formal schemes over

Spf E[[C1, -, Ga]]? ()4 (vi)t
=i 0; AR 5
) TIMEE " xspr mcr.ccae o077 = 9

coinciding with w(q,y on the underlying reduced subscheme.
a) %(OO,.)|HMﬁ,I,i,ginxj (wop: factors through g,y .

b) Ta,) is an adic and finite morphism.
c) For sufficiently large (0;); and (d;);, T(a,) satisfies the surjectivity property stated in proposztzon

i.e. the same as for 7t(q,).

Proof. The underlying reduced subscheme of M’ Z1i0il Jies in M<“ 2% Thus the construction of 7 T(dy)
is the very same as for 7r( ,)- For property a) we may use the proof of proposition 2 as well.
Choose now some (¢;); such that [], Mbjf_“’e # IL MZU—_“’ %% on reduced subschemes (cf. proof of
theoremfor the construction of such (6);). Then [], /\/15‘”’M is contained in the formal completion
of [[, My “”9 * and hence in [], MM‘“ %% The inclusion L ./\/l-<““9 * L MMM Ot i adic, because
both formal schemes are adic formal subschemes of [], /\/l<”7ﬁ . le now some (di)l > (d;); such that
there is a morphism

S 0=, 07 RGOE (vi)t
T(dy) * HMb,,iH XSpt Bl[¢r,.¢a ] 98y — Ny
i

Then %(d/) is adic as the restriction of an adic morphism to an adic closed formal subscheme. As

Jg( E ﬁ]g(d D% ig a finite étale cover, it follows that 7(4,) is adic as well. With the same arguments it
follows as well, that 7(4,) is locally of finite type.

So to show finiteness, it suffices to check this on reduced subschemes. But there 74,y is just the restric-
tion of m(4,) to a closed subscheme, hence finite by theorem ) This proves part b).

To get the surjectivity assertion, assume that (6;);, (d;); are sufficiently large such that %(di) sat-
isfies the surjectivity assertion of proposition Then ?r(di) is just the restriction of 7,y to
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IL MM”“ it X Spf E[[C1,..Cn]] JgU 4% hence we may just take the lift constructed in [6.3.5 and view

it as & morphism to [, M5 ot ey 980 O

Remark 6.4.3. We just briefly sketch another way to obtain a finite coverlng morphism on formal
schemes. Consider for this the locus M Sii0it i the Rapoport-Zink space M Suil , where the universal
quasi-isogeny is weakly bounded by 6;. It is not hard to see that this deﬁnes an adic formal scheme
locally of finite type over Spf E[[¢;]]. Then the construction immediately yields a morphism of
formal schemes

= . A S0 di)f Vi)
T (ds) -HMbe X Spt B[y ol Jgi = s,
i

that is adic and finite. However it will never be surjective, i.e. its scheme-theoretic image will always
be a proper closed formal subscheme of ‘)’t(yi)ﬁ, which is adic over Spf E[[¢1, ..., (u]]f. Moreover it will
not have good properties 1 Wlth respect to passing to the generic fiber as done in the next section: The
associated adic spaces M’ Spafif an @il be rather small compared to M<“"0 i#an " In particular the

M:““e #an for varying 6; do not cover the space bey’ﬁﬁ an

Vi

6.5 Morphisms on Huber’s adic spaces

We deal now with the structure of the generic fiber of the formal schemes considered above. As already
mentioned, the spaces are rarely adic over Spf E[[(1, ..., (,]]*, which enforces us to use Huber’s theory
in its most general version. So let us recall Huber’s generic fiber functor and some of its properties here
for the reader’s convenience:

Theorem 6.5.1. [Hub94, propositions 4.1 and 4.2] There exists a functor (called t in [Hub9jJ])
(=) : {locally noetherian formal schemes} — {adic spaces}

together with morphisms of locally ringed topological spaces wx : X — X (for any locally noetherian
formal scheme X ), having the following universal property: If X is any locally noetherian formal scheme,
T any adic space and f : T — X any morphism of locally ringed topological spaces, then there exists a
unique morphism f : T — X of adic spaces with f = wx o f.

Let f : X — X' be a morphism of locally noetherian formal schemes and fo" : X% — X' the
corresponding morphism of adic spaces. Then

e f is adic if and only if f*" is adic.
o f is locally of finite type if and only if o™ is locally of finite type.

Remark 6.5.2. i) The analytification of a formal scheme is in general not analytic in the sense of
adic spaces (cf. [Hub94, after theorem 3.5]). But as remarked in [Hub96, section 1.9], passing to the
open subspace of analytic points does not lose much information, e.g. one still has some (slightly more
restrictive) universal property with respect to morphisms to the original formal scheme. For more details
see corollary

ii) Note that the analytification functor extends to perfections X* of a locally noetherian formal schemes
X by defining (X#)*" as the perfection of X". This way, we get adic spaces for all formal schemes

considered above, except for the infinite Igusa variety J g(oo‘)

Remark 6.5.3. In the analogous world of Shimura varieties in mixed characteristic, one usually views
the associated generic fiber as a rigid analytic space. So let us discuss the relative merits of adic spaces
versus rigid analytic spaces:

In |[Ray74] Raynaud defined a functor

(=)o . formal schemes topologically quasi-compact rigid analytic spaces
" | of finite type over a DVR R topologically of finite type over Spec R

So two problems occur here: First of all we are over the base ring E[[(1,...,(,]]¥, which is not a
DVR and secondly our formal schemes are usually not topologically of finite type (or even adic) over
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Spf E[[C1,...,Cu]]f. The first problem was at least partially solved by Bosch and Liitkebohmert in
[BLO3], where they followed Raynaud’s approach to define the category of rigid analytic spaces as the
localization of the category of admissible formal schemes (in the sense that it is an adic formal schemes
locally of finite presentation, such that the ideal of definition does not contain any nilpotent elements)
by admissible blow-ups. In this way they obtain a functor

(—)ris - admissible quasi-compact quasi-separated rigid analytic spaces
formal schemes over S locally of finite presentation over S"*9
where S is any noetherian formal scheme, whose structure sheaf is generated by some coherent ideal.
On the other hand Berthelot [Ber96bh] generalized Raynaud’s construction to obtain a functor

ri locally noetherian rigid analytic
( ) g :
" | formal schemes over a DVR R spaces over Spec R [

Although there are several technical problems, it seems possible to construct a functor from formal
schemes over Spf E[[(1,. .., (] to rigid analytic spaces over Spf E[[(1, ..., (,]]*"", by combining both
constructions. However we do not know any reference, where this is worked out.

Note in particular that many of the following lemmas are well-known for the functor from formal schemes
to rigid analytic spaces (at least for Raynaud’s original setup) on the one hand, and for the functor
from rigid analytic spaces to adic spaces (cf. the various statements in [Hub96l section 1]) on the other
hand. So generalizing the arguments presented there to our situation, should give alternative proofs of
these facts.

Overall we felt, that using Huber’s already existing functor and then proving certain properties by hand,
is the easier and more accessible way.

Lemma 6.5.4. If X, Y and Z are (perfections of) locally noetherian formal schemes and f: X — Z,
g:Y — Z any morphisms, then the fiber product X" X zan Y exists in the category of adic spaces.
In fact it is equal to (X xz Y)*".

Remark 6.5.5. We do not assume that f or g are adic or even locally of finite type. Hence we cannot
simply refer to [Hub96l proposition 1.2.2] for the existence of X" X zan Y.

Proof. X xzY is again locally noetherian (or a perfection thereof), hence (X x z V)" exists as an adic
space. The analytification of the canonical projections pri : X xzY — X respectively pro : X xzY =Y
induce maps of adic spaces pr{™ : (X xz Y)* — X and pr§™ : (X xz Y)* — Y% We check that
the triple ((X x z Y)®™ pr{™ prg™) has the universal property of a fiber product in the category of adic
spaces: Let T be any adic space and a : T'— X, b: T — Y " two morphisms of adic spaces satisfying
foa=¢g"ob: T — Z. We obtain morphisms of locally ringed spaces mx ca : T — X and
myob: T — Y, which coincide when mapped to Z. Now observe that the fiber product of locally ringed
spaces coincides with the fiber product for (formal) schemes, cf. [EGAII Errata to EGAI: proposition
1.8.1] (or for a more detailed proof [Gillll theorem 8]). Thus we obtain a morphism of locally ringed
spaces (mx oa,my ob) : T — X xz Y. By the universal property of the analytification functor, we get
(rxoa,my ob)™ : T — (X xz Y)*. One easily checks that pr¢™ o (rx o a,my ob)~ = a and similarly
for the second projection. Indeed it suffices to prove this in the category of locally ringed spaces after
composing it with 7x : X** — X. Then equality holds by construction.

Uniqueness is just an exercise in shifting around formal symbols: Assume we have any map (a,b) : T —
(X xz YY) fitting in the fiber product diagram of adic spaces. Then observe

priomxx,y o (a,b) =mxopri®o(a,b) =nwxoa:T — X

and similarly for the other projection. In particular 7x ,yo(a,b) : T — X X zY is uniquely determined.
By the universal property of the analytification, this in turn determines (a, b) uniquely. O

Lemma 6.5.6. If f : U — X is an open embedding of (perfections of ) locally noetherian formal schemes,
then its analytification fo" : X" — Y" is an open embedding of adic spaces.

Proof. This is an immediate consequence of the construction of the analytification functor. O

100



Lemma 6.5.7. a) If f : X — Y is an étale morphism between (perfections of ) locally noetherian formal
schemes, then f*" : X% — Y is an étale morphism of adic spaces (as defined in [Hub90, definition
1.6.5)).

b) If f: X — Y is a finite morphism between (perfections of) locally noetherian formal schemes, then
fom s X9 — Y9 4s a finite morphism of adic spaces (as defined in [Hub90, 1.4.4]).

Proof. a) This is just [Hub96), lemma 3.5.11)].

b) We may check this locally on Y resp. Y. So assume that ¥ = Spf A for some adic ring A.
Then by [EGAIII, proposition 4.8.1] there exists a finite adic A-algebra B with X = Spf B. So f" :
X = Spa(B,B) — Y = Spa(A4, A) is the morphism induced by the morphism of affinoid rings
(A, A) — (B, B). But this is finite in the sense of [Hub96| 1.4.2], which gives the desired result. O

We now apply all this theory to Rapoport-Zink spaces, Igusa varieties, Newton strata and the
covering morphisms as constructed in the previous section. Throughout the remaining part of this section
we abbreviate Spa E[[C1, . .., (a]]* == Spf E[[C1, .- -, Gu]]#™ = Spa (E[[C1, - - ., GlE, E[[CL, - - -, Gal]F)-

Theorem 6.5.8. Fiz (6;); and (d;); sufficiently large as in proposition|5.2.13 Then there is an étale
map

~an

. o=<pu;,0;f an (d;)f an (vi)t an
iy [T M5 XSpa B[[¢r.....¢alF IBU = Ny

and a finite map
= =i 0; d; i
wiy s TIMEE 5 Xapapiier. g JoF = 7R
i

of adic spaces over Spa E[[Cy, . ..,(a]]*. They are compatible for varying (6;); and (d;);.

Proof. Apply Huber’s generic fiber functor to the morphism constructed in proposition respectively
[6-42] Then use lemma to get the above description of the source spaces and use lemma to
carry over the property étale respectively finite. O

Remark 6.5.9. To get a generic version of the infinite covering morphism 7., is far more difficult
(if not impossible). The main problem is that jggx”)ﬁ is not locally noetherian (or even a perfection
thereof), so Huber’s functor cannot be applied. The alternative approach to define it via the limit
. ~an . c s ~an . o .

@ () T respectively the limit @1 (dp) T(dy) cauSes problems as well, because infinite inverse limits of
adic spaces do not need to exist in the category of adic spaces, even if the transition morphisms are

finite étale as in our situation.

)t an

Now that we have a good understanding of single adic Newton strata 918’ , it remains to discuss

their relationship with X‘[}ﬁ “"the adic space associated to (the perfection of the formal completion of
the special fiber of) the moduli space of all bounded global G-shtukas. For convenience we will switch
to the non-perfect setting in order to have noetherian adic spaces. Note however that most assertions
are stable under passing to the perfection anyway.

Lemma 6.5.10. Let A be a noetherian E|[[C1,...,(n]]-algebra, which is complete for the ideal Iy =
(¢1y---4Cn). Let S C A be a multiplicative subset and I C A some radical ideal containing Iy. Let
A[S—YF be the I-adic completion of the localization of A at S. Then there exists a morphism of adic
spaces 6™ : Spf A[S—1]1e" — Spf A" over Spf E[[Cy, . . ., (a]]*™. Moreover:

a) Spf A[S—1! is the formal completion of Spf A along Spec A[S~']/I C Spec A/I,.

b) 6™ is injective (as a map of topological spaces).

¢) The image of §*™ consists of all points in Spf A*™ corresponding to a continuous valuation v : A —
T'U {0} satisfying

1. v(s) =1 foralls € S and

2. for each x € I there is some positive real number €, such that v(z) <1 —&,.
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Proof. By definition of the rings there exists a natural morphism ¢ : Spf /ﬁg?l]l — Spf A of formal
schemes over Spf E[[(1,...,(n]]. Then define 6™ as the analytification of this morphism. Part a) of the
lemma is immediate from the construction.

For part b) consider any continuous valuation v : A — I' U {0}. Then there is at most one extension of

this valuation to the ring A[S~!] and by continuity at most one extension to the completion A[S—1]o.

Now the elements in A[S—1]% are dense in A[S—1]! (especially since we change from the Iy-adic topology
to the coarser I-adic one). Hence there is at most one valuation ¢ : A[S—!]{ — T'U {0} extending v,
i.e. at most one preimage of v under §%"*. Note that this argument actually works for any valuation
spectrum, and not only for adic spaces.

To prove assertion c) we first show that the conditions 1. and 2. are necessary. If v lies in the image,
then it extends to a continuous valuation @ : A[S—!]! — I'U{0} satisfying #(x) < 1 for all z € A[S—1]L.
From this last condition it follows immediately that all units in A[S—1]! have valuation 1. In particular
this holds for the elements in S. Moreover continuity for the I-adic topology implies that all elements
x € I are topologically nilpotent, i.e. satisfy o(z) < 1 — ¢, for some &,.

Conversely, assume now that v € Spf A** = Spa (A, A) is a valuation satisfying conditions 1. and 2..
Then we have to see that all extensions in the proof of part b) actually exist. The extension v’ to A[S™!]
and hence to A[S—1]% exists because v(s) # 0 for all s € S,,. However only the full condition v(s) =1
implies that v'(z) < 1 for all z € A[S—!]fo. Thus we obtain an element v’ € Spa (A[S—1]f A[S—1]l0).
Next we have to pass from the Iy-adic topology to the I-adic one. But a valuation v’ of A[S—1]%0 is
continuous for the I-adic topology if (and only if) there exists one positive real number e such that
v'(z) <1—eforall z € I. As A was assumed to be noetherian, I is finitely generated and hence this
condition is actually equivalent to condition 2.. Now any continuous valuation extends automatically
to the completion of the underlying ring (with respect to the chosen topology). Thus v' extends to a

continuous valuation ¥ : /ES':]I — I'U {0}. Moreover o(z) <1 for all x € A/[S?l]l, because this holds
over the dense subset A[S~1]%. Thus we get a preimage © € Spf A[S—1]1%" = Spa (A[S~1]!, A[S—1]!)
of v under §*" as claimed. O

Proposition 6.5.11. a) There is a canonical morphism d,, : ‘ﬁg’i) = XE" over Spa E[[Cr, ..., G-
b) 6., is injective (as a map of topological spaces).

¢) The images of 0, for varying (v;); are disjoint.

d) The set of morphisms {0y, } (), is jointly surjective on rank-1-points of Xj; “".

Proof. a) By definition we have a canonical (non-adic) inclusion of formal schemes ‘ﬁg}"') — Xf;. Then
0y, is just the analytification of this inclusion.

The next two assertions are shown by reduction to the affine situation of the previous lemma. As
N c XH s locally closed, there are open affine subsets V; = Spec Ag; € X¥ covering M) such
that V; ﬂ,/\/'l(]l’i) = Spec Ay ; [So_,;]/]o,j for some multiplicative subset Sy ; and an ideal I ;. Then passing
to formal completions, one gets open formal subschemes U; = Spf A; C X!} with underlying reduced
fibers V; such that 9" N, — X NY; is given by Spf A;[S7 )% — Spf A; for any lift S; of So; and
I; the preimage of I ; under the canonical morphism A; — Ao ;.

b) Consider such an open cover {V;}; as described above. Then 2; being open in X}, implies

0N (O5") = O e (Vi) = 7 (Vi NN = () ngj)an

and lemma [6.5.10p) gives the injectivity of
0, 1 6, 1(T9) = (MY Ny;)™ — I

T

As the 3" cover the image of 0y, by construction, the assertion follows.

c) It suffices to show that the images of myu oy, : ’ﬁg/i) " — X¥ are disjoint. But

0 0 (V) = g O ) = N € X
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and the different Newton strata /\/}(Jui) in the special fiber are by construction disjoint.

d) Let y € X" be a point given by a rank-l-valuation. Then y corresponds to a morphism y :
Spa (K,K*) — X", where (K, K1) is a complete affinoid field. From the assumption on the rank,
it follows that K+ = K° is the subalgebra of power-bounded elements. In particular the underlying
topological space of Spa (K, KT) has only one single point. Now gy gives a morphism of locally ringed
spaces Txpe oy : Spa(K,K*) — X{;, which maps into some point |y| € |X;| = |Xf|, where | - |
denotes the underlying topological space. As the Newton strata cover Xf;, there is some v; with
Iyl € I

topologically maps into \./\/'L(,”i)|, actually factors through ‘ﬁgi). In particular we obtain a morphism

. Now ‘ﬁg’i) is the formal completion of Xt} in /\/'((]V"). Hence any morphism to X%, which

Txn 0y : Spa (K,KT) — 918') By the universal property of analytification, there is as well a morphism
of adic spaces (mxu o y)*" : Spa (K, Kt) — ’ﬁg/i) “". Then by construction, (mxn o y)*" defines a
preimage of y under J,,.

Note that for arbitrary y € X}, *" the argument fails, because the image of Txu Oy consists no longer of
one point and hence may spread out (topologically) over several Newton strata. O

Remark 6.5.12. The failure of the 4,, (fﬁgi) “") to be locally closed or to be jointly surjective has a
rather simple explanation: In the case of schemes, a section can either be a unit or topologically nilpotent
in a formal neighborhood of a point and such distinctions determine, in which stratum (respectively
formal completion of it) the point lies. However in the case of adic spaces, there is a third possibility
(which appears only when considering valuations of rank at least 2) for the section, namely being
power-bounded but not a unit in the valuation ring.

Lemma 6.5.13. There exists a partition of X, “" (over Spa E[[(1, ..., (,]]) into locally closed subspaces

‘ﬁgi) a"’s”at, such that each ‘ﬁgi’) STt ontains mg”” “" as an open dense subset. Moreover for all

(vi); the union
(v}) an,strat
U o

(vi)=(vi)

1s closed.

Proof. Define ’ﬁgﬁ) amistrat . -1 (N((in)) as the preimage of the Newton stratum under the spe-

Xy
C e . +) an,strat
cialization morphism. Then the ‘)’tg/ ) anstra

and U(Vé)j(m ‘ﬁg;) an,strat
mg’i) an,strat

are obviously locally closed, form a partition of X;“"

is closed as a preimage of a closed set. Moreover by definition ‘ﬁgi) “mc

. Both form a partition of the rank-1-points, hence these points coincide for both ‘ﬁgji) an

m(w) an,strat (vi) an,strat
U

and . But rank-1-points are dense in I, , because specialization morphisms col-

an

lapse the “cloud” of higher-rank specializations around a point of rank 1. Thus ‘ﬁg’i) is dense in

i trat
(i) an.s
U .

(vi) an

It remains to see that I is indeed open in ‘ﬁg” This can be checked locally and by
choosing a cover {V;}; as in proposition [6.5.11] one is reduced to the affine situation as in lemma
6.5.10L In other words for a locally closed formal subscheme Spf A[S—1]! C Spf A with underlying re-
duced fiber Spec A[S~1]/I, we have to see that Spf A[S—1]{ 2" is open in 7rS_p1fA(Spec A[S~Y/I). But

nglf 1(Spec A[ST1]/I) is (essentially by definition) the set of continuous valuations v : A — I' U {0}
satisfying

) an,strat

1. v(s) =1for all s € S and

2. v(z) <1foralzel.

Thus 7r§p1fA(Spec A[S~Y/1) \ Spf m]f o is given by the condition v(x) > 1 —¢ for all € I and all
real numbers € > 0. As [ is finitely generated, this is a closed condition for a fixed €. Hence the desired
complement is closed as an infinite intersection of closed subspaces for varying e. O

Remark 6.5.14. i) The ‘)?8“) am,strat likely do not form a stratification in general, as closures of

‘R(UV) @5t should be far smaller than unions of other strata, due to the finer topology.
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ii) Note that in general the subsets are only locally closed subsets as topological spaces and

not the intersection of an open adic subspace with a closed adic subspace. In particular ‘ﬁgji) an,strat

has in general no canonical structure as an adic space and geometric points Spa (K, KT) of Xt “" will

) an,strat (

not necessarily factor over one of the ‘ﬁg ’ even as maps of topological spaces).

For technical reasons, analytic adic spaces have in general better properties with respect to their
cohomology. So let us give a version of the covering morphisms in the setup of analytic adic spaces. As
there is little difference between both settings, we will not distinguish notationally between them.

Corollary 6.5.15. Fiz (0;); and (d;); as in proposition|5.2.12
a) There is an étale map between analytic adic spaces

~an

o=pu;,0; an d;) an v;) an
Ty s [T M) Xspa BllGr,ca)) I85> M

,,,,,

which are compatible for varying (0;); and (d;);.
b) There is a finite map between analytic adic spaces

san . Spibi an (d;) an (vi) an
T(d,) HMbe XSpa Bl[C1,Cal] 980 = Ny

which are compatible for varying (0;); and (d;);.
¢) The canonical maps o, : m%,”“ " — X5 are injective and have open image. For varying (v;) their

images are disjoint and cover all rank-1 points in X5, “".

Proof. All analytic adic spaces are constructed by taking the locus of analytic points in the respective
adic space. Then [Hub96, proposition 1.9.1] states that these analytic adic spaces still have a good
universal property, hence all morphisms appearing in the corollary are well-defined. As restrictions of
étale respective finite morphisms, they retain these properties. This proves part a) and b).

All assertions in part ¢) are immediate from proposition except for the images being open. As
in the previous statements, we may pass to the affine situation of lemma and have to see that

_

Spf A[S—1]f @™ C Spf A" is open in the analytic setting. As localization at S defines an open subset
anyway (regardless whether taking arbitrary adic spaces or only analytic ones), we may wlog. just
consider Spf Alan Spf A%™, R

Fix now any analytic point in Spf A’ % C Spf A%" with corresponding valuation v : A — T' U {0}.
Having the ((1,...,(s)-adic topology on A implies by the definition of analytic points, that there is at
least one ¢; with v((;) > 0. As I is finitely generated, we can find by lemma [6.5.10¢) some positive
integer 7 > 0 such that v(z") < v(¢;) for all z € I. Thus

{v e Spf A*" |v(a") <w(;) #0Va €T}

is an open (rational) subspace of (the subset of analytic points of) the adic space Spf A*™, which contains
v. It lies itself inside Spf A7 %" because (; is topologically nilpotent or equivalently v({;) < 1 — ¢ for
some positive real number ¢. (]

7 Representations in cohomology
Our goal is to study the cohomology group

S (-iH (VEHI(C,G),, Q) .
i.e. the alternating sum of the cohomology groups of the complex

RT, (vml(c,(;)n,@e) = ly  lmRL, (VﬁHlU(C,G)n,Z/E’“Z) ®z, Q¢
UCG(Aintci) T

as a representation of G(A%) x I'gs. For the definition of the G(A%)-action, see|7.4.1
The main result is theorem which expresses this representation in terms of cohomology groups
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of Tgusa varieties and Rapoport-Zink-spaces.

Nevertheless the first step is to analyze the cohomology of the special fiber in detail, which will be done
in the next two sections. This allows us to deal in section [7.4] with the representation in the generic fiber
for torsion sheaves. Finally one has to deal with the limits over these torsion sheaves, which is done in
section

7.1 Torsion sheaves with group actions on the special fiber

Before we can deal with even the cohomology of the special fiber, we need some information about the
sheaves we are to deal with. More precisely given a torsion sheaf £ on N((]Vi)ﬁ, we construct sheaves
F0:d:) by first pulling back and then pushing forward along the morphism T(q;)- Note that it is essential
to use the étale version of the covering morphism here, though we will give an overview at the end of
this section what one can still do if one uses 7(g,) instead. The direct limit of the sheaves F (6ids)
has then an action of [], J;. In fact F = @( 6r.di) F0:di) is nothing else than the compactly induced
[I; Ji-representation obtained from £ (with trivial action), at least on geometric points.
For Shimura varieties of PEL-type the corresponding statements can be found in [Man04l section 5.2].
Throughout this section we fix a sheaf £ of abelian torsion groups over N,(in)ﬁ, whose torsion order
is prime to p. Note that by [Zhuldl proposition A.4] this is equivalent to giving such a sheaf on N((in).
For each tuple of pairs (0;,d;);, such that 74, exists, define

FUO) = fra 17a, (£)
which is again a sheaf in abelian torsion groups with torsion order prime to p.

As we will deal frequently with the transition morphisms between various Igusa varieties and open
subschemes of Rapoport-Zink spaces, we fix the following

Notation 7.1.1. The canonical finite étale projection morphism between Igusa varieties for (d;) > (d;)

s denoted by
d;
T(d}—d;) Iggjl)ti — Ig
The canonical open immersion between subspaces of Rapoport-Zink spaces for 0} sufficiently large with
respect to 0; is denoted by

(di)t
vl

S, 05t

v

=<, o
o0, s M0 - M

We will not distinguish (notationally) between such morphisms and the induced morphism on product
spaces [, MZE’”’M X g Iggii)ﬁ.

Lemma 7.1.2. a) If (d}) > (d;), then there is a canonical morphism T?di—di) . Floodi) _y F(0i,di)

b) If 0; and 0} are two weak bounds such that M;f_”i’ei C MZ?_”“Q for all i, then there is a canonical

morphism tg, g/ 1 : FOidi) _y F(01.di) [ particular this happens if for every ¥; € 0; there exists a ¥ € 0}
with 9; < V.

Proof. a) We may factor T(d;) = T(d;) O T(d;—d;)- Then finiteness of T(d;—d;) TOPLes T —a,) 1 = T(da;—d;) %

. ’ —
v i i

and we may use adjunction of (r(d;,di) . TZ‘ b di)) to define a canonical morphism
r?d;fdi) . FOidi) — T(d;) !#zdi)(ﬁ) = T(dy) T (d}—d;) !rzﬁdgfdi)ﬁ-zﬁdi)(‘c) = #(d;) !ﬁZd;)(c) = Fli.dy)

b) We proceed as in a): Note first T(d;) = T(d;) © tg,,6.- AS Lg, ¢r is an open immersion, we may use
adjunction of (g, g/1,th o) to get
gt Y5

w01+ FOON) = dr(a 74y (£) = T(a) 10,0165, 0070y (L) = (a1 (£) = FO )
Giving all these transition morphisms, we can form the sheaf of abelian torsion groups

F = lim FO,
(677d7)
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Lemma 7.1.3. There exists, up to choice of normalization, a canonical morphism 7, : F — L.

Proof. As 74,y is étale, adjunction of (7(g,)1, ﬁl(di)) v comonical morphion
7:‘-(di)! :f(0i7di) N

As 7(4,_a,) is a finite étale cover of degree [[,[1a;(by,) : 14, (by,)] We get equalities

7

a0 iy —ay = [ [Ha (bn) + L, (b)) e and a1 0 ta, 001 = Togan

K3

Note that [Ig: (by,) : 1a;(by,)] is a p-power for d; > 1, hence invertible on £. Thus we can set
= (%)H[Idi (b,) : Th(by,)) iray : F = L
iyi ?

O

For the next proposition note that all constructions above commute with base-change to finite field

extensions of E. In particular we may base-change to E’ as defined in [5.3.1} i.e. the composite of E
and Fgs, where s is the integer appearing in the decency equation.

Proposition 7.1.4. The sheaf F over ./\/((]W)ﬁ x g Spec E' admits a canonical smooth action of the
group [[; Ji, induced by the action of this group on the tower (Hl Mbjy’f“g”ﬁ X B Ig%}i")ﬁ X pSpec E’) 0
Moreover if we consider the trivial action of [[, J; on L, then the morphism 7y : F — L is equivar%ant
for the [, J;-action.

iy-1 and I'-invariant subsets
035 Ui -1 as in proposition m (for the respective elements (v;); and (v; ');). In particular we have
an étale morphism

Proof. Consider any element (v;); € [[, J;. Choose now integers d; -,, d

<wi,0; di+d;~;,+d, 0= ,0;DO; ~, di+d; —
(vi)i : | IM;—““ i xEIg((] 7ty yr1) X g Spec B/ — I |Mb K i xEIg[(J 1) x g Spec E.
»
; i

2

It follows immediately from theorem that ﬁ(di+d¢,«,i+dm__1) = #(di+dw,—1) o (7i); holds.

Thus we can use the adjunction between (v;);1 and (7;)F = (7:)} to get a morphism

*

T(dwﬁdi, _
[, (B0) = Ti(B)] - () 2 FO )

i isditdi oy +d; 1)
[

1)
9
‘F(
. e
= T(ditdi gy +d; 1) Wity +d, 1) (£)

= #(di+dml_,1)!(%‘)i!(%)fﬁdﬁdifl)(ﬁ)

il . . (0:D0;,~, ,di+d; . )
7 T(d;+d, 1) !ﬂ-(dﬁ-dm__l)(ﬁ) =F A7t
of sheaves on ./\/'[(,W)ﬁ xpg Spec E'. As [[;[14, , (by,) : Lo(by,)] acts invertibly on F0i®0i4:,di) this indeed
defines a morphism
()i » FOdo) FlO®Fiapditd o)
Claim 1: (vy;); does not depend on the choices of d; -, and 6; -,.

. . d. 0:;00;,~,,di+d; —1) . .
It is straight-forward to see that (v;); : F4) — F (0:80i70ditdi 1) i actually independent of our
choice of 8; -,’s in the sense that

’ . (05,d; (0:90] ., di+d; 1)
(V)i = toi@0,.,, 0000, 10 ()i : FOOU) = F R

if 0;,, and 0; | are chosen in such a way, that an open immersion tg,qe, . 0,00/ . exists. Here the use
of (7}); does not mean, that we change the element in [[, J;; it just indicates that this map is related
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to the second choice of 0] _ ’s. A similar notation is used for varying d, ., later on.

To get independence of the choice of the d; -,, we have to consider the following diagram

( i +d _
}_(9“(1 ) i i f(t9ud i+di, wﬁrd —1)

. (vi)it
T(d;"wd’:v"ri)l \

.7:(0’7d7+d;'71 +dz,'y;1) f(91@97,711d1,+d7’,y1—1)
(¥i)i

Then one computes
(vi)i = H[Id, L (b)) s (b)) (a)in o T?di«”fi-i_di,wi—l)
— H Iy (b,) ) Li(by)] ™Y ()i o T(d], ~diny)! O Tikd;,w;di,w o r(*dwﬁdwl)
—HId’ by,) s Ii(by,)] " (%)“or( (i)

= (%‘)i

Claim 2: (v;); does not depend on the choice of d; ,—

Consider another choice dj -1 > d; ,-1. As in claim 1 we denote (v;); : FOudi) _y plOi®0iniditd, o0)
and (7)); : FOidi) — FO®iditdi 1)y on we wish to show:
* 0;,d; (0: D05, ,di+d; 1)
(0i)i = e _y—a, 1) © ()i Flod) 5 F o
We can compute directly as morphisms from F(®%) to ]:(ei@ei’Vi’dierM?l):
"(d; o1 =d; 1) ()i =
= H[]di,'y,i (bl’i) : Il(bVl)] ! T(d’ 717 1)' o (’yz)l' o T(dl ’m+d;,w;1)
= H[ICQW (bl/z) : Il(bl/z)] (’Vl)l‘ o 71(d’ _1— ; —1)' ° 7n(dl vt 1)
= H[Idi,%. (b)) = Li(bu)) 7 H[Idmi_l (b) Ly (b)) (Vidir © 7y a1
= H a3 (00)] - ()i
=] —i—d; -1) ! © T(d +d; 1) (dikd 1) o (V)i
View now elements s € F(%-%) as sections (with proper support) over [, M, <““9 i Ig di)s x gSpec B’
with values in (. )(E) and similarly for other sheaves like FlliSbindi +d . As (& 1 =dy 1)

is a finite étale morphism, the previous computation implies that it suffices to show the followmg
For any geometric point (z,y) € [[, MM”” 90t e 1gy (ditd, )k X g Spec E' with image (x,7) €

IL Y BT EIg,(Jd i) x gSpec E’ and formal neighborhoods @ respectively @ (which
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can be canonically identified), we have (v});(s) =)i(s)| —=-

T (@)

.0, di+d; . +d, (v§)e <1 ,0;DO; di+d.
Hi Mziﬂzvezﬁ XEIg[(] it 7 1)t H ]_\/-[O = ® ’qu XEIg[(] + g 1)t

l

(ri)s 1, MOS0 @i 8 . Ig((]dr‘rdi*‘*?l i

l(%—l)i

i, 1 o .
o LM 2 0504, DO, 14 <5 Iggil)ﬁ

X g Spec B/ —— x g Spec B/

H‘ szmﬂiﬂ X 5 Ig[(]dl‘*‘diﬂri"‘di,w;l)ﬂ
i v;

x g Spec B’ X i Spec B’

L0;,0,@0; - O,

IL MM““ % g Ig(d x gSpec B’ x gSpec B’

If (x,7) does not lie in the image of the morphism (v;);, then (x,y) cannot lie in the image of (v}); and
both sections are zero. Otherwise lemma [5.5.8| shows that the upper square is a fiber product diagram
and we may identify as well

07 (@) = (1) (@)

Hence by construction of the morphisms (v;); and (7}); on sheaves it suffices to see

’"Eﬁdw+dé,w;l>(5)|<w;>;1<<m/,y\>> - ’”Efdiwdi,wi—l>(5)‘(7i);1<@) (+)
To show this consider (zo,y0) = (v, ')i(2,7) € [, MZ;““O e Ig(di’)n xgSpec E'. As (z,7)

has a preimage under (v;); it follows that (zo,y0) actually lies in ], MM““Hﬁ X g Ig( % % 5Spec B
But indeed

— o —

T @) St a o (@0,00)

L’Yl
— —

AT @) Sy o (@010)

where (z9,y0) denotes the formal neighborhood of (zo,%0) in []; Mgf“i’eiﬁ XE Iggi")ji x gSpec E’. The
construction of the [], J;-action on (truncated) Igusa varieties implies this on geometric points, from
which the statement for formal neighborhoods follows directly. Hence the two sections of (*) are nothing

else than the pullback of s| @oa0) to the respective fibers and are therefore equal.

Claim 3: The morphisms (7;); glue to an endomorphism of F.
For this purpose fix all the d;,,’s, d; ,-1’s and 6; ,,’s. Then we have to see that the following two
diagrams commute:

T(*di 4d. 1)
FOs.de) i T 41 ]__(ei,di-s-dmﬁdiwl) (va)i f(0i®9i=7i’di+di,7;1)

L L ’
Lgiye;_’ ,l 6;.0] !i l 0;00;,~,,01D0; !

’ !
]-“(‘%,di) . }—(aivdi""diwi “"di,.yi—l) ]_—(9,- ®0i,~; ,di+di,7;1)
’I‘(d,i,,”+d,i A1) (vi)in
i

T gy 1)
F6:.dy) ity a1 Fa (03,ditdi; +d; —1) (ya)i ]__(9 i90i,; ditd; 1)

’ ’
]:(Gi,d;) . ]_-(9i,di+di,«,i +d,;‘,yi—1) ]_-(91' Db, ’di+d"’*"’i_1)
T{di s 1) (vi)i

For the upper diagram the left-hand side obviously commutes. The other square does so, because it
already commutes on the level of schemes. The lower diagram was already dealt with in claim 2 by
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setting d;’m‘l =dj -1 + (d} — d;).

Claim 4: The morphisms (;); define an action of [], J; on F.

Consider two elements (8;)i, (vi): € [[; Ji and choose d; g,, d; p-1, di,, di -1y 0ip, and 0; 5, as usual.
Then we may set d; gy, = di,g, +di,, diy-15-1 = d; p-1+d; -1 and 0; g, = 0; g, DY; 5, for the element
(Bi - 7i)i- We obtain the diagram

*

"
T T
(di,wqﬁrdi%—l) (dj, g, +4;

—1)
4,87 1 f(9i7di+div51‘,7i+di,'y.*lﬁfl)

J{(’Yi)i!

f(ei ®0s,; ditdi g +d; ,—15-1 )

l(ﬁi)i!

]_-(91’6991"/31»% ,di+di’ﬂ/?13;1)

udi“l‘di,'yi +di”yi71)

('Yi)i!l

(0:D0;,~; :di+di,,\{;1)

F(0ids) ]:(9

-
(d’i»57‘,+di,ﬁ;1)

J—_'

and the computation done in claim 2 allow us to conclude

(Bi)i o (Vi)
= H[Idi,ﬁﬂrdi,wi (blh) : IO<bVi)]_1 ’ <5l)2' °© T‘dei,ﬁi +d; 5—1) °© ('Yi)i! °© Tzdi,w,i+d,i,Wf1)

- H[Idi,ﬁi‘f’di,'yi (bl’i) : Io(bui)]fl : (ﬁZ)Z' o ('Yi)“ ° rzkdi,ﬁi‘Fdi,Bfl) °© rzkdi,'yieri,'vfl)
- H[Idi*ﬁmi (byl) : Io(byzi)]il ~(Bi-vi)iro Tz‘di,ﬁiw‘f‘dt,wi_lﬁ{l)

= (51 %)z

Claim 5: This action is smooth.

We wish to show, that every element in F is fixed by some open subgroup of [[, J;. Let s € F be
any section and choose (6;,d;); such that s € F (0:d:) . Now we consider the open compact subgroup
Lo,,a,) C I1; Ji of all quasi-isogenies, which are actually automorphisms such that

e they induce the identity modulo [, /g4, (b,,) and

e stay automorphisms after conjugation by any quasi-isogeny bounded by (6;);.

The first condition ensures that I'(g, 4,y acts trivially on Igg}ii)rj x pSpec E' and the second condition

implies the same for [, M;i”“eiﬁ X g Spec E’. In particular we may take d; ,, = din-1=0and ¥, ., = 0

for all i in the definition of (v;); € I'(p, 4,) on sheaves and F®4) is fixed (point-wise) under 'y, 4,).
This shows that s € F is indeed a smooth vector.
Claim 6: 7, : F — L is equivariant.
Using 7(d, +d, 1) © ()i = #(di+di,vi+di ) = T(d;) © T(di, s +d; 1) already on the level of schemes, we
get k2 k2 k3
. _ . -1 *
Fdird,)1© (00)i = [[Hais, (b s o)) ™" - Fgiva,_1yr0 (vi)iro T (di, s +dy 1)
= H[Idiv’w (bl’l) : Io(b’ji)]_l ’ 7~r(di‘~'div’Yi+di,’vf1)! © Irzkdz‘,’m +di,wf1)
= [Tla., (00) : ToBu)] ™" a7y, 1) © Pl 4 —1)
= H[Idi,wi_l (bu;) : To(bu,)] - Ty

The claim follows now by taking the normalization factors appearing in the definition of 7y into
account. (]
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We wish now to study stalks of F over geometric points, where the [, Ji-action has a particularly nice
description.

Lemma 7.1.5. Letx € ./\/'((]V'i)jj x g Spec E' be a geometric point. Then there is a canonical isomorphism
Fp = h_r}n Homsets(#{di)(x), L)
(0:,d:)
Proof. By definition of the sheaf F we have
= lim (T, 17(gyL)e © M (Fa,) «7(g,) L)z = lim H (7 (a) L)y

(Gl,d ) (0i,d:) (0:,d;) (6i,d; )yEﬂ' )(;1;)

= lim H Livapw) = lin H Lo = lim Homse“(ﬁ(_di)(m)’ﬁx)

(0:,d;) yeﬂ.&li)(m) (0:,d:) ye.fr(*dli)(m) (05,d:)

Thus we are left to see that any element in lim (01.d5) II () (7(4,)L)y actually comes from an element

VET )
in h—ng(e,i,di)(#(di)!ﬁdi)‘c)z' So fix some (sy), € ]_[ye7r (@) ) (T, )[,) . As there are only finitely many
points y, we may find some étale local neighborhood V' — J\/'(Ul x g Spec E’ of x such that we may rep-
NUVE pSpec BY (H MM’“’Q i xp Ig( XESpecE) Unfortunately

the map supp(s) — U will not be proper in general. As we d1d in the proof of theorem choose for
each i some d} and 6] such that

resent (sy), by a section s over V' x

=iy 0ift =piy0it o= pi,0it
Mzui“ C M e M, .
and consider s as a section of ﬁ?d;)ﬁ over V XNISVi)nXESpeC = (HZ Mgf”iﬁ'ﬁ XE Ig(d Dt X mSpec E’) or
equivalently as an element in F (67,d3) (after applying the corresponding normalization factor). By
construction its support lies in V' XN[(JVi)uXESpeC = (Hz Mbjl//:'igeiﬁ X Iggli)ﬁ X pSpec E’), which is finite
over V by theorem ) Hence s € (71 !ﬁfd(i)ﬁ)(V) as desired. O

Warning 7.1.6. The statement is wrong without taking the direct limit, i.e. the canonical inclusion
Féei’di) - Homsets(ﬁ(_di)(x),/jw) is not a bijection in general.

Under the identification given in the lemma, the transition morphisms take the following form: Fix
(05,d,) . _ (0;,d5)
any s € Fi"") = Homera (7)) (2), £z). Then r(gr_g,).(s) € Fi

by

C Homsets(ﬁ(:l}_)(x),ﬁz) is given

Tlar—a)(8)(Y) = 5(ra;—a,)(y)) € Lo forally

and tg, g/1(s) € FLOod Homsets(ﬁ(_di)(m),ﬁm) is given by

S(L;:% (v)) ifyell; Mi’j“em X g Ig(Udi)ti x gSpec E’

for all y
0 otherwise

Lo;,001(8)(y) = {

Moreover we have 7(g,)1 : J-'gﬂe“d"’) C Homygets (7'7(;1)@)7 L) — L, which is given by

T(a)1(s) = Z s(y)

.1
yE‘n'(di)(x)

allowing us to define 7, : F,, — L, via the injective limit of the morphisms [T, 4, (by,) : T1(by,)] ™ 7 q,)1-
Finally we describe the action of (v;); € [[; Ji. Choose again d; ,, d; -1 and 6; ,, as usual. Then for

any s € .7-'(07 &) Homges (7, T4, )( x), L) we have

$(V(ds o, +d, _1)(2)) if y lies in the image of (v;);

(vi)i(s)(y) = {

0 otherwise
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(ditdi;+d;, 71)1:1 i 0:D0;

Here z € [], M<““9ti x g Lgg XE

Tg it )®

x g Spec B’ is any preimage of y € [[; M,
X B Spec E' under (v;);.
Proposition 7.1.7. There is an isomorphism of [], Ji-modules

Fo = CR(nk, (@), £2)

Proof. We define © : 7, — Cé’o(w(oii)(x), L) on an element s € Flondi) I1 L @) L, as follows:

yE‘n'

O(s)(y) = 5(T(c0p),(an) () ify €[], My ““9 Y xp Ig * X pSpec E/
0 " otherwise

It is clear that this definition is independent of the choice of Floe ) in which we represent s. Moreover its

S0t Ig(d 0t

support is the preimage of a finite set of points in J], M x pSpec E’ | hence it is compact

(recall the description of the topology on W(Oi,)( x) given in remark 5.3.10). Moreover O(s) is constant for
the action of I'(y, 4,y (as defined in claim 5 of the proof of proposition on W(_Oii)($), as I'(g, q4,) only
permutes the points in the fiber of (), (4,) (except for points not lying over [], Mi"“’eiﬁ x g Spec F',

where O(s) is zero anyway). Thus ©(s) is smooth.
It is immediate that © is injective. To show surjectivity consider any f € C°(rw,_ T (0 )( x),L:). As f has

compact support there is some 6; such that the supp(f) C [, Mﬂ“ 0 g Ig( % x pSpec E’'. Moreover
smoothness implies that f is invariant under some (g, 4,), i.e. f comes by pullback from a function

on w(d_)( z) C I, M<““0 it XE Ig(d % x gSpec E'. But the previous proposition identifies functions on

7'7(711,)(x) with some sectlons of F,, which give the desired preimage of f under ©.
It remains to see invariance of this isomorphism under the [], J;-action. But this immediately follows
from the description of the action on the left-hand side stated above. O

Corollary 7.1.8. There exists a (non-canonical) isomorphism of [], Ji-modules
~ H Ji
Fo = c-Indgy (L)
where c-Ind denotes the compactly induced representation.

Proof. By proposition we may (non-canonically) identify w(oi)(x) and [[, J; (as schemes with

. J;-action). Under this identification C'2° (7 , L) is just the definition of ¢- I ndl17: L.). Hence
i (C>o )\ {1}

proposition [7.1.7] translates precisely into the statement of the corollary. O
Remark 7.1.9. Most of the statements above can be modified to work for (4, instead of 7(4,) as well:
In order to define all maps between the sheaves, we have to change the definition of F®%) into

f(9i7di) = 7T(d,i) *Tr‘(dz) (E)

which exists as a sheaf (and not only in the derived category) by [SGAVI, §XVIII, proposition 3.1.8a)].
Then lemma holds as well, one can define the morphism m : F = H_n}lw d_)]:(ei’df‘) — L and
proposition is still valid, using essentially the same construction of the [], Ji-action. One only has
to change some of the arguments in the proofs.

When analyzing the fibers at geometric points, the main problem is no longer the identification of

Hyefr(;l_)(z)(#?di)ﬁ)y with (7(q,)17 (4,1 L)z (at least in the limit), but to see (w!(di)[,)y =L, (y (again
at least in the limit). As this holds most notably for flat morphisms, we have such an equality when
working with 7(g,), but not for 7(4,). Thus we still need a similar comparison argument between 74,
and 7(q;) as done in lemma [7.1.5 Apart from this, proposition [7.1.7|and its corollary admit immediate
translations to this alternative setting.

The main problem will only appear in the next section: When looking at the cohomology we wish to
apply a Kiinneth formula to describe the cohomology of the product space in terms of the cohomology
of the Rapoport-Zink space and of the Igusa variety. But instead of having a product of usual inverse
images of sheaves, we will be forced to deal with a product of two exceptional inverse image sheaves.
Unfortunately there seems to be no known Kiinneth formula for such a situation.
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7.2 Cohomology in the special fiber

We show the following spectral sequence (for a prime power ¢” with £ # p)

EDT = @ Tor}, (Hj <HMifiaZ/”Z> ,H! (Iggoon’Z/erz)) = HP'a (/vgi>7z/erz)

t+s=q

computing the cohomology of a Newton stratum in the special fiber at (¢;) of the moduli space of global
G-shtukas VEH],(C,G). A similar statement holds for more general coefficient sheaves.

Notation 7.2.1. From now on, we abbreviate for any space X its base-change to ﬁq by X. For example:

VEHY(C,G) = VFH' (C,G) xcma ((C™\ A) x SpecF,)

NEJ””” = /\/'[(]Vi)ﬁ x g SpecF,
E;}ji)ﬁ = Ig%}ii)'i x pSpecTF,

— =< ) —
Mgf f M;f_”u x g SpecF,

and similarly for non-perfect spaces or the corresponding adic spaces.

Assume for simplicity that £ is now a sheaf of Z/¢"Z-modules over N[(J”"), which we consider as

well as such a sheaf on N, L(,V"')ﬂ. In all other matters the setup and notations of the previous section are
retained.

Consider the morphism of sheaves 7 : F — L base-changed to N gjyi)ﬁ. We have already seen that it is
equivariant for the action of [], J;. Moreover as everything is already defined over F, it is equivariant
for the action of I' = Gal(F,/E). As the action of [[, J; is defined over E’, it actually commutes with
the action of I'gs = Gal(F,/E") CT.

Though we will not need it in the subsequent treatment, one can say even more about the interplay of
the two actions: Consider the semi-direct product [, J; x I" given by the natural T'-action on [], J;.
Then F (and obviously £) carries an action of [[, J; ¥ I' and 7 is equivariant with respect to this

actiorﬂ

We write H,.(]] J;) for the locally constant functions on ], J; with values in Z/¢"Z and let A = Z /("7
be the trivial H,(]] J;)-representation. Then the functor of coinvariants on [], J;-modules has a left
derived functor A ®7L-£T(H 7 ()

Proposition 7.2.2. There is an equality in the bounded derived category of Z/¢"-modules with T g -
action

v . <O Mi,0i —(d; .
RT (NG, L) = A @ 1 < i Rl (HMbviu " xg, Teu )ﬁvﬂ(di)£>> .
(0i7d7) A

Proof. Corollary shows that we can apply [Man04, corollary 5.4] to get
RO (N = AL RU (N F
Wy F110:) =A@y (10 BLWNy 7, F)

where Fp7 5, denotes the sheaf of [], Ji-coinvariants of 7. By []; Ji-equivariance of 7, this morphism
factors via 7 : Frp, — £. In corollary we have seen that this map is an isomorphism over

I This contradict somewhat [Man04), proposition 5.8], which states (among other things) that the I'-action actually com-
mutes with the [, Ji-action. This difference is precisely the reason, why we can only make statements of the cohomology
as I'g/-representations, but not as I'-representations.
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geometric points. Hence we may identify Fp7 s, canonically with £. Moreover

(05 ,d:)

= lim RT (N, 7Ot
(0i,d;)

= lim ROV o ity L)

I c U > M(di)'(dy)
(6:,d:)
(0:,d;)

Putting all these identifications together, we get exactly the stated proposition. O

J— i J— d
Theorem 7.2.3. Let L, & and & be étale sheaves of Z /0" Z-modules over NU H M_M and IgU
together with a continuous action of I'y,. Consider them as well as sheaves on the perfectwn of the
respective spaces. Denote by pri, pra the two projections from []; M‘#’ XF, Igé 9 to the two factors.

Assume that £ and & are equivariant for the [], Ji-action on the underlying spaces and that there
exists for all sufficiently large (d;,0;); some I gi-equivariant isomorphisms

’/TEkdi),C = pTTgl & pT;gz

(over the perfection) which are compatible for different (d;,6;);.
Then there exists an isomorphism in the derived category of Z/0"Z-modules with T gr-action

Rr, (NG ) = R (HM—”‘ )@H 1 BT (T &2)

In other words, there exists a spectral sequence of I'gr-representations

= @ rort g (e (T1 ) () ) = s (0072,

t+s=q

Proof. By the Kiinneth formula for étale cohomology with compact support, we get

RT.(N*, F) = lig R, (HMb—”““ <z Tey #{di)£>
(0:,d:)
i,0i
(H Mb_ﬂ Fx Igg] )ﬁapﬁgl ®p7"252>
o< I,Gﬁ
(HM - ) ®Z/ETZ RT. (IgU 52)
<9“d)
. o=pi,0; d;
_ (@ch (HM Srlik o )) ®% /2 (@RP (Igg & &)).
(0:)

The next part is essentially a formal consequence of the previous proposition. Together with [Man04]
proposition 5.12] this implies:

(0141 )

RE(NG2.L) = A&, 11 ) BE NG, )

o=p;,0;
= A®%. (1) (hmRF (HM“ F e >®Z/mhmRF (IgU 52)>

(0:) (ds)

- <1(13)ch (HM““““ )) ®5 (1 (@RP (T 52)>.
0;

di)
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Taking cohomology commutes with passing to direct limits of spaces. Therefore one can identify

lﬂ(e ) RT. (H MHM 0 u,&) with the cohomology of [], M_Mu. As the transition maps between

the Igusa varieties are finite étale, taking cohomology commutes as well with taking inverse limits of

Igusa varieties and we may identify the second factor with the cohomology on EE}"’"”.

Finally by [Zhul4l proposition A.4] RT', (N wi) E) = RI, (N (W)u, ) and similarly for the other spaces.

This allows us to descend from the perfections to the original spaces.
The only non-trivial steps to get compatibility with I'g, were already dealt with in the previous propo-
sition. 0

Remark 7.2.4. The theorem admits (at least in the formulation as an isomorphisms in the derived
category) an immediate generalization by replacing the sheaves £, & and &; by arbitrary elements in
the derived category of étale sheaves of Z/¢"Z-modules.

Corollary 7.2.5. There is a spectral sequence of I gr-representations

Byt = P Torj, rm( HM*’“ Z/0'T, )H%Ig“‘”Z/WZ));&H?Q(N%?“,Z/M)

t4+s=q

Proof. Apply the theorem for F, & and &; being the constant Z/¢"Z-sheaves on the respective spaces.
O

7.3 Further assumptions

Unfortunately the formulas for the cohomology of the generic fiber will not hold in full generality, mainly
because the comparison theorems for vanishing cycles are only known for proper schemes. Thus we make
the following assumption, that will be in force throughout the rest of this paper.

Assumption 7.3.1. All connected components of VAH ! (C,G) xcm\a Spec E[[C1, - -+, Ga]] (with

G(A'L"tcz)
trivial level structure) are proper over Spec E[[(1,. .., (]

Remark 7.3.2. i) This assumption is satisfied e.g. for G = GL,. To prove the valuative criterion,
first note that any GL,-torsor, i.e. vector bundle, over the generic fiber of a curve over a DVR extends
to the whole curve. Indeed consider the double dual of the push-forward of the vector bundle on the
generic fiber: By definition this sheaf coincides with the original vector bundle on the generic fiber and
it is reflexive by construction, hence locally free as we are over a base of dimension 2. Now the assertion
follows from proposition [3.5.3

ii) The equivalent condition was as well posed in the context of Shimura varieties of PEL-type, cf.
[Man05, section 8]. Note that in [Man04] this is an immediate consequence from the setup and not
explicitly mentioned. Only by a recent work of Lan and Stroh [LS15], this condition was removed due
to the existence of toroidal compactifications.

Moreover we will have to study all Newton strata at once, so it will be necessary to impose stronger
assumptions on the base field E:

Assumption 7.3.3. E’ is a finite extension of F, of some degree s such that for every v € B(G,,) for
which the associated Newton stratum is non-empty, there is a fundamental alcove b, defined over E’,
which is decent for s, i.e. satisfies (b,0)® = z% (cf. |5.3.1]).

Note that there are only finitely many such v, so the existence of such an E’ is clear. The decentness
condition for s has to be imposed due to the corresponding condition in

Finally let us stress the point, that whenever adic spaces occur in this section, they will be analytic (i.e.
the analytic locus of a general adic space) as already considered in corollary [6.5.15
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7.4 Comparison of representations with torsion coefficients

We now start in earnest with dealing with representations appearing in the cohomology of the generic
fiber VEH'(C, @),,. In this section we will focus on torsion coefficients Z/¢"Z. The crucial comparison
between the generic and the special fiber is made using the vanishing cycles functor similarly to [Man04l
section 8.1], which then allows us to apply the results from section

For the convenience of the reader, we recall first the construction of the G(A%)-action on the tower of
VEHL(C, G), respectively on the cohomology RI'.(VEH!(C, G),,, F) (for any constant sheaf F) from
[Var04, 3.5] or [Lafl2 2.20]:

Construction 7.4.1.

First of all consider the situation where g, € G(A,) C G(A®%) is concentrated in one point x away from
the ¢;. Let U C G(A™*) sufficiently small, which in this context means that g,U,g, ' C G(A™), where
U, denotes the factor of U at the point z. Consider now any S-valued point in VEAH,(C, G), given by a
global G-shtuka (¢, ¢,1) over some scheme S. Wlog. assume that we may extend the (possibly trivial)
level structure 1 to a full trivialization ¢, : £,(%, ) = (LtG,,0*) locally at the point = (as we may
pass to some pro-étale cover, where such an extension exists and then descend at the very end back
to our original scheme essentially in the same way as we descended 7o, to finite levels). Then define
9:(9, ,1) to be the global G-shtuka obtained by changing the local G-shtuka at the point  along the
quasi-isogeny

£.(9, ) L2 (LT Gy, 0™) L5 (LTGy,0¥)

As i/}vz is well-defined up to an element in U,, this quasi-isogeny is well-defined up to an element in
9:Uzg;!. By our assumption that g,U,g; ' C G(A™?) it follows that g.(¥,p, 1) is well-defined and
carries a g,U,g; -level structure. Thus we obtain a morphism

gs : VEH(C.G), — VEH! | (C,0),

g !
Note that this is the identity if g, € U, C G(A"*). Thus if g € G(A%) is an arbitrary element and
U C G(A™tei) satisfies gUg™! C G(A™), then we obtain

g: VEHG(C,G)y = VEH .1 (C,G)y
by writing g = HzGC\ {ci}: Ja- Note that for almost all points x, the element g, will act trivially, so this
a priori infinite product has only finitely many components that act non-trivially, hence our definition
makes sense.
Now let F be any constant sheaf, for example Z/¢"Z or Zy. The action of g induces an (iso)morphism
of cohomology groups, where

9" RU(VEH,, 1 (C,G) \F) = RU(VEHL(C.G),. F)

These morphisms g* commute with the transition morphisms between the various sheaves and the
various levels U (of course for sufficiently small U). Hence they induce a morphism

v h?anrc(v#H}J(c, G, F) = h%nRFC(V#H;Ug,l (C.G),. F) I%RFC(V#H%J(Q ), F)

Note that the action of g on the level of schemes is already defined over E’. Thus the induced action
on cohomology commutes with the canonical action of the Galois group I'g/.

The same constructions work not only over the generic fiber, but in fact over all of VAH (C, G) Xcom\A
Spec E[[(1, - - ., ¢,]] and in particular over the special fiber X};. It extends as well to the perfections.

Warning 7.4.2. The direct limit over the subgroups U will in general not commute with an inverse
limit over sheaves F. So passing to the limit over all U will only be useful in the next section, when
dealing with Zg-coefficients.

As already mentioned above, the vanishing cycles functor ¥, is of central importance. For its
definition in the category of schemes see [SGAVII, XIII, 1.3.2.2]. A similar construction works if one
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uses analytic adic spaces as generic fibers as explained in [Hub96] section 3.5]. The right derived functors
then define maps for each coefficient ring Z/¢"Z of derived categories

RV, : DY(X,,Z/0"7) — DY (Xs,Z/0"Z)

if X is a scheme with generic fiber X,, and special fiber X, respectively
n . N+t n +

R DT(X*",Z/U"L) — D (X5, Z/U" L)

if X is (a perfection of) a locally noetherian formal scheme with associated analytic adic space X** and
special fiber X;.

Proposition 7.4.3. For all subgroups U there is a canonical isomorphism

R (Y T ~Y ~ M T
R, (vﬁ%%,(c, @), 7/t Z) ~ RT, (XU,RxI/n(Z/e Zmn))

in the derived category. Moreover it is compatible with the T g:-action on both sides and for all g € G(A%)

T ~ XH T
RT. (VﬁH;Ug,l(C, @), 2/t Z) ™. R, (XgUg_l,R‘I'n(Z/E Zmn))
|- I

NI ZTIN T2l 2 r ~ Evdat T
RT. (vﬁ%}](c, G),. 2/t Z) ™~ . RT, (XU,qun(Z/e ZWW))

commutes.

Proof. Note that our crucial properness assumption implies that for all subgroups U C G(A™ti),
the space VEH](C, G) xcmaSpec E[[C1, . . ., ()] has only proper connected components. Thus [SGAVTI,
X111, 2.1.8] there is for each U and for each r > 1 an isomorphism
- N —u

RT. (vm;}(a Q). Z/M) ~ R, (XU, R\Dn(Z/KTZW”))
Take now any g € G(A%). Then by [SGAVII, XIII, 2.1.7] applied to the smooth morphism g, shows
that

RU,(g%) : RV, (Z/0"Z

) = RU,(Z/0"Z.

Vﬁ?—L;Ugfl(C,G)n Vﬁﬂb(GG)n)

(as the image under R¥, of g* on the generic fiber) coincides with the map coming from g : X‘(j —

XZU 4-1- In particular both actions coincide after applying the functor RI'.. The compatibility with the
I'gr-action follows in the same way. O
Proposition 7.4.4. The complexes
R1 (Y T (Vi) an T
RT. (vim,lj(c, Q). 7/t Z) and @D R, (NU RS/ L ))
(vi)

define the same virtual representation in the Grothendieck group of T g:-representations of Z/0"Z-
modules, i.e.

S (—1)im (ch (Wn,zwz)) ~ 3 (1) H (@)RFC (NS"'),R\P;”(Z/WZW” ))

7 7

Moreover for any g € G(A®) the resulting morphisms in the derived category on both sides induce the
same map on the alternating sum of cohomology groups (via the isomorphism above).
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Proof. By the previous proposition, it suffices to show all assertions for RI, (Vﬁ HE(C,G) iy / ETZ)
. MU ”
instead of RFC (XU7 R\Iln(Z/f Zmn))

into locally closed subsets, it follows

. As the Newton strata N Efi) form a stratification of X},

S (v H (R (X RY(2/C L))

%

igri A7) "
= Z(*l) H @ch (NU ) R\IJVI(Z/K ZW(C,G),,)‘N(W)>
i (v3) '

Now [Ber96al, theorem 3.1] E| implies that

R, (Z/0"Z > RUSN (LU Lo an)
U

VEHL (C’G)n) Ng/l)

Putting all this together yields an isomorphism between the alternating sums of the cohomology
groups of

~H s +7(vi) an T
R, (X0, RV, (20 Zmn)) and (P R, (N, RU3" (20 Zﬁgmn))
(vi)

It is immediate that all isomorphisms respect the I'g/-action. Now consider any g € G(A%) (with
gUg™! C G(A™) as usual). As its action does not change the universal global G-shtuka on X7 at the
characteristic place (and would only change it via some quasi-isogeny anyway), the map g : Xg‘ Ug-1
X1 respects the decomposition into Newton strata on both sides. Hence so does the corresponding map
on cohomology. O

So far everything we did concerning the cohomology was essentially a formal consequence of the existence
of the Newton stratification in the special fiber. Now we use all our knowledge about the product
decomposition, to relate these cohomology groups to the ones defined by Rapoport-Zink spaces and
Igusa varieties. For this we first need to pass to perfections:

Proposition 7.4.5. Let X be a locally noetherian formal scheme with special fiber X and associated
adic space X°". Let X*, X* and X% be their perfections. Then for any constructible sheaf F on X",
RV (Fytan) equals the pullback of RV™(Fxan) to X4,

Proof. Denote by mx : X*® — X respectively 7y: : X" — X* the specialization morphisms and by &
the canonical morphism from the perfection to the original space. Then the vanishing cycles functor is
nothing else than the pushforward along mx respectively my:. Applying again [Zhul4l proposition A.4]
we get:

€*R\I/;l]n(‘/_'.:{an) = 5*7T}j*fxan = 5*7Tx*€*5*‘/_'.}jan

= ", Myt & Fxan = Tyt Fran = R\I/Zn(]:ﬂ“")

2As the cited theorem is stated for Berkovich spaces and it is not immediately clear that its proof generalizes to our
setting with adic spaces, we indicate another alternative way to see this isomorphism: By [Hub96, theorem 3.5.13] and
after identifying i* o RV j.(j*Z/{"Z) = RV ,Z/¢"Z for the vanishing cycles functor for schemes and a*(j*Z/{"Z) = Z/¢"Z
as sheaves on the associated adic space, there is an isomorphism

R, (Z/0"Z. = RUS™(Z/{ Ly an)

VR ©0),)

So we may view the sheaf R¥,Z/("Z as coming from the formal scheme ?5 ™ Thus it remains to see that the canonical
morphism

RS (/0 Ty an) = (RwG™ 2/ 2 an) ) _
is an isomorphism. This can be checked locally on stalks of points = € N@“i). But by [Hub96), theorem 3.5.81)] this stalk

does only depend on the formal neighborhood ﬁgji) ne (and the restriction of the sheaf on the associated adic space). So
we can identify the stalks on both sides with R\P%" (Z/f’"Zﬁ@,i) Az an ).
U
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O
So we may replace in proposition [7.4.4{the cohomology groups RI'. (J\/'(V7 , \I/%"(Z/ETZWW) a)) by
U

(vi)tt R\IJGTL(Z/ET (Vi)ﬁ ”"))'

their perfect analogues RI'. (J\f

Lemma 7.4.6. Let X and ) be two (perfections of) locally noetherian formal schemes with associated
analytic adic spaces X" and Y. Let £ be a constructible sheaf on X*™ and F a constructible sheaf on
D™, Denote by pri1 and pra the two projections from X x Q) to the two factors and by pr{™ and prg™
their counterparts for adic spaces. Then

RUI™ (pri™ & @ prs™ F) = (priRUS"E) @ (prs RVL"F)

Proof. We use again that W7™ is in the adic setting nothing else than the pushforward functor mx. for
the specialization morphism 7y : X — X. So there exists an isomorphism

v (pri™ € @ pro™ F) & (pri‘\llf;”é') ® (pr%‘\I/Z"]-')

of sheaves on the special fiber of X x ). Take now the right derived functor on both sides. As pullbacks
and tensor products of sheaves are right exact, one immediately obtains the formula above. O

Remark 7.4.7. Under slightly stronger assumptions (and for Berkovich spaces), this statement can be
found as lemma I1.4 in a preprint version of [HT0I], which can be downloaded at [citeseerx. Note as
well, that this lemma is much easier to prove for analytic adic spaces than for schemes or Berkovich
spaces due to the simpler definition of W".

Proposition 7.4.8. For all sufficiently large (0;); and (d;);, there exists a canonical isomorphism of
étale sheaves

ﬁ(di)R\I/;l]n (Z/Z’”Zﬁgm an) = pTTR\I/;l]n (Z/frznmgfw,ein an) Q pry R\If%n (Z/KTZT’J(JM an)

o=p;,0: I —(d;)4 o= ps,0i I —(d;)4

over [], M,,~
to the two factors.
These isomorphisms are compatible with the transition morphisms for different (6;); and (d;);. Moreover

they are compatible for the I'g/-action on both sides and with the morphisms induced by elements in
G(A“).

. Here pry and pry are the two canonical projections from [, Mb

Proof. By proposition , %(di) is étale. Thus there is an isomorphism

W(dl)R\I/;lyn(Z/ngﬁ(Jt” an) = R\I/%n (Z/ﬂrznﬂ:;w,eiu anxﬁgli)ﬁ an)

= R\IJ‘Z]” (pr%n*Z/ETZHME:M,eiﬁ an Q pry" L/I" Z—(d )t an>

essentially by definition of the vanishing sheaves. The isomorphism in the proposition now follows from
the previous lemma for £ = F =Z/{"Z

That this isomorphisms respects transition morphisms follows because the vanishing cycles functor
RUP™ commutes with these transition morphisms, as they are either open immersions (of Rapoport-
Zink spaces) of finite étale covers (of Igusa varieties). Compatibility for the I'g/-action follows because

RVI™ respects actions of Galois groups and all morphisms used in the constructions are already defined

over E' (and even over E). Compatibility with elements in G(A%) follows, because all %(di) and all
projections are equivariant for the G(A)-action, because it just changes level structures away from the
characteristic places. O

Corollary 7.4.9. The complezes
RT. (vml (C.0),, zz)

and

<H7, an r . ( ) an T
h_;)n@RFC (HM RUSZ/0Z [ an)> ®%, (11 4;) im R (IgU  RUT (L) Ly m))

(vi) " (di)
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define the same virtual representation in the Grothendieck group of G(A%) x T'g/-representations of
Zyg-modules.

Proof. Applying theorem to L = R\P%”(Z/ZTZW,,M an) gives
U

(/\f Vz)ﬁ ‘I/an(Z/ETZ—(Uui)um)) ~

~ =i an - . *(dz)ﬁ an T
= RFC (HM wit R\I/,’] (Z/E ZHM;;N&H)> ®%£7"(H Ji) %RFC (IgU ,R\IIT] (Z/f Zj—ggii)ﬁ an)) .

But by proposition and [Zhuld, proposition A.4] we may identify
(vi) an r (vt an r
(N ,RUS™(Z,/ Zﬁgi)m)) - (N RO (Z,/0 wam))

and similarly for the Igusa varieties and Rapoport-Zink spaces. Thus proposition [7.4.4] yields an iso-
morphism between the virtual I'g/-representations associated to

r. (VEH}(C,G),,2/0'2)

and

=i an - . *(dt) an T
P rr. <| |Mby‘: , RUI(Z,/¢ Ly an)> %, (1) ?E)RFC (IgU , RUI™(Z,/¢ ngyi>m)>
l/i d—L

(VL i

that is compatible with the morphisms given by elements in G(A%). As the transition morphisms for
varying r are compatible with all these actions, the same holds after passing to the inverse limit over
all Z/¢"7Z. Finally taking direct limits over all U turns both sides into virtual G(A®)-representations,
which are isomorphic by the compatibility assertions. O

7.5 A decomposition of /-adic representations

The previous corollary [7.4.9] still has major disadvantages: First of all one passes to the limits only after
taking the tensor product, while doing so for Rapoport-Zink spaces and Igusa varieties separately would
be much more natural. This is rectified during this section.

Secondly one does not have a good control over the cohomology with values in vanishing cycles. So
it would be helpful to either compute these sheaves explicitly or to identify their cohomology groups
with /-adic cohomology of generic fibers of the respective schemes. However most natural conjectures
in this direction either need general theorems in far greater generality than currently known or are
even incorrect, despite appearances of such statements (of course in the corresponding world of mixed
characteristic) in [Man04] and [Man05].

Notation 7.5.1. From now on we will drop the space as a subscript of the coefficient sheaf, e.g. writing

(H M_m R\I/%”(Z/ETZ)> instead of RT. (H M—‘“ , RUS™(Z/0Z It should never-

)
theless be obvious at all times, what space is used. '

We first study the cohomology of Rapoport-Zink spaces in more detail. In particular we prove that
it is a smooth representation and in fact compactly induced from a finite dimensional one. This however
will take a bit of work.

The main idea is to compute this cohomology via a finite Cech complex, similarly to [Man04] section
8.2.3-8.2.4]. For this consider the open subset U =[], MM‘“ . If (0;); is chosen large enough, then

the translates of U under the group [[, J; cover the whole Rapoport-Zink space [, M;V” ‘. This happens
e.g. if m(,) stays surjective when restricted to [, Mgf“i’gi.
Now observe that we constructed in claim 5 of the proof of propositio an open subgroup H C

[1I; Ji, which acts trivially on U. For any positive integer s define ([]J;/H ); as the set of s-tuples
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6 = (d1,...,05) of distinct elements in [[.J;/H and ([] J;/H)3 C (H/J\Z_//H);é as the subset with 6; = 1.
Then abbreviate for any § = (d1,...,d5) € ([[ Ji/H)%
Us=0UnN...N4U.

We immediately obtain for any []; J;-equivariant Z/¢"Z-sheaf F a quasi-isomorphism in the derived
category

B (MG F) = @ BT =@ @ (1R (TsF)

se(T1 /)% * se(llJi/H)

(note that we may indeed sum only over ([]J;/H );é ignoring tuples with multiple equal entries, because
we are using a cover by Zariski-open subschemes and not arbitrary étale covers). On the left-hand
side one has a natural action by [], J; coming from the action on the spaces. On the right-hand side
v € 1, Ji induces isomorphisms isomorphisms Us — U,s, where 7§ = (y01,...,7ds) if § = (d1,...,d5) €
(IIJi/H)Z. The isomorphism above is then equivariant with respect to the I'ps x [[; Ji-action on both
sides.

Next consider Us for any d = (61,...,ds) € ([[Ji/H)Z. Then the action by 6 defines an isomorphism
Us = Us-15 and similarly on cohomology. Thus we obtain for each § € (I[Ji/H)3 an isomorphism of

I'gr x [[; Ji-representations

D RI. (U5, F) = c-Indy] " RT. (Us, F)
vell; Jo/H
and . B
B ([IMGF) = @ e Indl] "R, (Ts, F)
6e(ITJi/H)%
Moreover any element of v € H defines an isomorphism between Us and U,s with both §,v6 €
(ITJi/H)%. Hence setting Hs = H N6, Hoy ' N ... N 6HOS! for 6 = (1,82,...,05) € ([[Ji/H)%,

we may write
@ c-]ndg‘]iRFc (Ug,]:)
oe(IlJi/H) SeH\(I1Ji/H)3

= @ c- Indgé‘]i RT, (Ug, .7:)
Ser\(TT /i /)%

c-Indgéc—Indg JiRFc (Ug,]:)

1%

Proposition 7.5.2. For every [, J;-equivariant constructible Z /0" Z-sheaf F over ], Mi*_“, there is a
quasi-isomorphism in the derived category

rr (MG F)= @ e-mdll Rr. (T, 7)
SeH\(IT i/ H)3

of I1, Ji-representations. The direct sum on the right-hand side is actually finite and R, (H Mi[l‘”,F)
s smooth.

Proof. Only the two last assertions are not yet shown. To see the finiteness of the direct sum, it suffices
to prove that there are only finitely many § with non-empty Us or even to see that U intersects only
finitely many of its translates under [], J;. Recall now that the universal quasi-isogeny 5“"* on U
is bounded by (6;);. Hence, given some element v € [], J;, a necessary condition for U N~yU to be
non-empty is the existence of a point « € U such that both %], and o 8*"*?|, are bounded by (;);.
But this implies that v is bounded by (6; & —6;);. The set of all elements in [].J; bounded by 6; & —6;
is compact, hence contains only finitely many H-cosets, which proves our claim.

Each RI. (Ug, F ) is smooth, because it is a finitely generated module over a finite ring (which therefore
has only a finite automorphism group as a Z/¢"Z-module). Taking compactly induced representations

and direct sums preserve being smooth. Hence RI', (H Mi’_ﬁ,}" ) is indeed smooth. O
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Corollary 7.5.3. @r RT, (Hl Mfyﬁ‘bi,R\If%”(Z/f’”Z)) exists in the derived category of smooth ], J;-

representations in Z /0" Z-modules.

Proof. Applying the previous lemma to the inverse limit of sheaves RU{"(Z/£"Z), it remains to see that

. Ji TT
lime- Ind}] " RU. (Us, RUS™(Z/177))
I
is smooth. Now inverse limits commute with compactly induced representations, which can be seen
directly from the construction of ¢- I ndgé‘]i. Hence we are reduced to see the smoothness of

lim BT, (Us, RVS"(Z/("Z))

But this follows again from finiteness of cohomology with compact support on quasi-compact spaces. [

Remark 7.5.4. Of course all representations above are still smooth, when considered as a I'g: x [, J;-
representation. This can be shown using the very same arguments.

Proposition 7.5.5. MW RT, (Egii),R\I/%”(Z/ZTZ)) can be represented by an infinite direct sum of

complezes of admissible [], J;-representation in Z;-modules.

Proof. We first deal with the problem, that Igusa varieties are not quasi-compact. For this write the
moduli space of G-torsors H!(C,G) as an increasing union li_n;lj &X; of open quasi-compact substacks

X; C HY(C,G). Then X; \ X;j_; is quasi-compact as well and we have seen in section that (X \
Xj_1) X1 (0,0) X! exists as a quasi-compact DM-stack. It follows that the same quasi-compactness
assertion holds for central leaves and as well for Igusa varieties Iggi'))(j = (X \ Xj_1) X1 c,0) Iggii).

Moreover the Igg”))(j define a partition of Igédi) into locally closed subsets, compatible for varying d;.

Hence we may replace
ling RT, (Eﬁf”, RU™(Z /WZ)) by DlimRr, (Eﬁj‘} ,RU(Z /ZTZ))
(ds) j (di)

and we are left to show that the quasi-compact spaces Igg@j define admissible representations in their

cohomology. For this note first that RI, (E(Ud ;3_,] , RUIN(Z/ K’"Z)) exists in the derived category of finitely
generated Z/¢"Z-modules.

Let now H(q,) = [[;(Ji N 14;(by,)). Then the Hochschild-Serre spectral sequence for the transition mor-
phisms of Igusa varieties degenerates because H g,) is a pro-p-group and we are considering coefficients
with Z/¢"Z-coefficients. Hence we have an equality

Hay
*(dz) an s . *(dz) an s
RT. (Iga N, RUS(Z0 Z)) - (thrc (Iga N, RUS(Z/0 Z)))
(d:)

where on the right-hand side the invariants under H(4,) are taken. In particular it follows that these

invariants exist in the derived category of finitely generated Z/¢"Z-modules. As the H(4,) form a basis
for the topology of ], J;, this implies the admissibility assertion. O

Lemma 7.5.6. Let J be a topological group and H C J a compact open subgroup. Let M be an element
in the derived category of finite smooth H-representations and N an element in the derived category of
admissible J-representations in Zg-modules. Then there exists a canonical isomorphism in the derived
category of finite Zy-modules

C-I’I’LdiIM ®7L_1(J) N = RHomJ—smooth(c'Ind{{(M*)v N)
Here M* denotes the dual of the finite representation M. If both M and N are bounded, then so is
c-IndfM ®@% ;) N.
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Proof. This is essentially a rewording of [Man04, lemma 8.4] in the derived setting. (]

Proposition 7.5.7. For all sufficiently large d; there exists a canonical isomorphism in the derived
category of G(A%) x T gs-representations

R, <H M R\I/Z”(Z/é%)) @by im RT. (Tgy”, RU(2/07) ) =
i (di)

~ @  RI.(Us, RY(Z/I'D)) @k, BT (Igg” R\IIZ”(Z/KTZ)),
seH\([TJi/H)%

where Us C [, Mij“ are the open compact subschemes defined at the beginning of this section and

Hs C [[J; are compact subgroups.

Moreover d; does not depend on the actual sheaves on both sides, but only on the geometry of the
Rapoport-Zink space. The same formula holds when replacing both sides (or just one for that matter)
with cohomology with Zg-coefficients, i.e. after replacing the cohomology groups by their inverse limits
over all r.

Proof. As the exact nature of the coefficient sheaves will play no role in this proof, let us abbreviate
Fr = RYI"(Z/"Z) for the sheaf over []; Mip and F; == RV{"(Z/L"Z) for the sheaf over Ig( ) By
proposition and proposition we can write

<HMb#17 >®H(1‘[J)1$RF (Iggjd) f;)%
o B c-mdll R (U5, F) | @k, in BT (T, F)
SeH\([1Ji/H)% (ds)

Il

D (c-mmdi B (Us. 7)) @iy g, i RE (Terr 7))
SeH\([TJ:/H)% (di)

Now the smoothness respectively admissibility results imply together with lemma [7.5.6

(di)

o @ RHom[] 5, — smooth (c IndH ‘RI. (U(;7 ) IERF (IgU
SeHN\([TJ:/H)Y

H))

and by Frobenius reciprocity in the form of [BHOG| proposition 2.5], which can be applied after replacing
li w—(ds) ! o : o 3 3 1
ling RI. (1gy; 7, F) ) by its maximal smooth subrepresentation

=~ T RHOMH, — smooth (RF (Us, Fr)" lim RT. (Igg“ H))
(d:)

seH\(I1J:/H)%,

We have already seen that there are open subgroups of [[J; acting trivially on Us. Thus we may
choose a sufficiently large tuple (dis); such that Hg,,y = [[(Ji N Iq,5(by,)) lies inside one of them. By
finiteness of the direct sum over all §, we may as well choose one tuple (dz) for all 0. As all elements in
RT. (U(;,]-",.)* are by choice of the (dj); invariant under H (g, one obtains

R

Hary
RHomH(;—smooth RFC (U(;a]:r)*a (g RF ( (d ) f;))
SeH\(TJi/H)% (ds)

@ RHomHgfsmooth (RFC (U(S»fr)* 7RF (Ig(Ud/ f;))
seH\(TT Ji/H)Y

Il
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and finally by another use of lemma but now for J = H = Hs

=~ D R (UsF) Sy, BT (T F)
SeHN\([TJ:/H)%

Independence of d; of the sheaves is obvious and the very same argumentation works as well for coho-
mology with Z,-coefficients. O

Lemma 7.5.8. Let H be a compact topological group, which is Hausdorff. Let (M,), and (N,), be
projective systems of elements in the derived category of smooth H-representations on Zy-modules of
finite rank. Assume that both @r M, and @T N, satisfy the same finiteness assumptions. Then

(tim M,) @y gry (jm N,) 2 Jim (M, ©F; ) Ny )

Proof. By finiteness and smoothness of the representations, there exists some open subgroup H’ acting
trivially on @T M, and I'&nr N,.. Thus

(lim M) % g7y (lim N,) 2 (Jim My) @3 p7/570) (im Ny )
for the finite group H/H'. Similarly one obtains
. L ~ 13 L

Hence we may assume wlog that H is a finite discrete group.

Consider first the case that the projective system (N,.), is constantly equal to some N. Then observe that
both lim (M, @y (—)) (by [Stal3] Tag 07KV](currently remark 15.64.17)) and (lim M,) @z (=)
(by definition) are exact functors on the derived category. Moreover they obviously coincide on finite
free H-modules. Hence they coincide on the derived category of the abelian category generated by finite
free H-modules. But the finiteness assumption on N together with finiteness of the group H implies,
that N lies in this subcategory. Thus we obtain

(lim M,) @% 47y N 2= 1im (MT ©% ) N)

Now applying this first for all N = M, and then for N = l'&nr N, gives

<_

T ror T

lim (Mr ©5m) NT> — lim lim (M, O NT/) — lim (MT ©5 ) (im NT,)>

as desired. O

Remark 7.5.9. Actually the following statement holds as well (and can easily be reduced to the lemma
above):

Let J be a topological group and H C J an open compact subgroup. Let (M,.), be a projective system of
elements in the derived category of smooth H-representations on Z,-modules of finite rank and (N,.), a
projective system of smooth J-representations on Zg-modules of finite rank. Assume that both @T M,
and @T N, satisfy the same finiteness assumptions. Then

(lim c- Indf; M,) @3y (im N,) = lim (c-zndg,M,. %) N,.)

T T T
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Corollary 7.5.10. There is an isomorphism in the derived category of G(A®) x I'g/-representations

lim ( (HM,]’“, RYY(Z/'Z, )) ®% 1.1, lim BT (Lgﬁ”,mg"(zwm))

i (di)

1%

~ 3 i an r . . *(db) an r’

Proof. This follows from the previous two results: Abbreviate again F,. := RV;™(Z/{"Z) over [, Miﬂ
and F), = R\I/‘,‘]”(Z/ErlZ) over Egli). Then by proposition

1-&(33 (HM,, , )@HHJ)IERF (Igé 2 f,ﬁ)) o

= Jim &y (RFc (Us. Fr) @31,) BT (IgU ]:’I”))
T seH\([TJi/H)%

e @(RPc (Us, Fr) @5y a1,y BT (IgU fl))
SeH\([TJ:/H)S T

Il

Thus we may use lemma to obtain
= @ <1<£IIRFC (U&,‘FT)> ®%(H6) (@1 RF (Iggj ), 7n/))
seH\(TJi/H)% \ 7 ”
and once again proposition but now for cohomology with Z,-coefficients
= (@RFC <HMb o )) DT <h—1>n¥£nRF (@ﬁ“,f@)) ‘
r (dl) r!
O

Theorem 7.5.11. Let VEHY(C,G) be a moduli space of global G-shtukas, such that all connected
components of VEH'(C,G) xcn\a Spec E[[C1, ..., ]| are proper over Spec E[[C1, . . ., (]
Then there exists a canonical isomorphism between the virtual G(A%) x I' g -representations

> (-1 (VEH'(C.6), @)
and

ZZ( )d+(,+fTOT HJ)( HM<M17 ‘I/Z"Qe),h_é)nth (I (ds) RW?]n@é))

() doe, f d;

Here Hi (1‘[ M, Rxpg]"@) = lim

eties.

(H M—“’ qugn(z/ﬂz)) ®z, Q¢ and similarly for Igusa vari-

’I"

Proof. We prove the statement already on the level of representations in Z;-modules. Then essentially
by definition Y_,(—1)*H} (Vﬁ?—[l(C, G)n’ Zg) is the virtual representation associated to the complex

R, (VEHI(C,G), Z) -

By corollary [7.4.9) we may replace it by the complex

@@hm (RF (TI™G Rws(z/0°2)) ©% 1, lim RT. (Iggi),R\I/Z"(Z/ETZ))>
(di)

(Vt
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which by corollary [7.5.10] coincides with

@g(m (TI™G Rz, @H(HJ)@RP (Terr” R\I/“"Z))
)

=@ Ar. ([IM: RV 20 ) @by 5, i limg B (Teg”, R 2, )
U d;

(Vv

But the virtual representation associated to this complex is nothing else than

3OS (-t Tor I (Hg (HM{? , RV Zz) 1_n;13Hf (Ig(d) R\I/;';"Zz)>

(vi) dye, f
as desired. O

Remark 7.5.12. One should expect, that one can deal with G(A) x I"g/-representations, i.e. including
the characteristic places, in a similar fashion: Extending Drinfeld’s notion of full sets of sections, as
introduced in [Dri74], to global respectively local G-shtukas should allow to define a tower of Rapoport-
Zink spaces @ o H./\/lbjyﬂ M representing the moduli problem of full set of sections of level M over the

usual Rapoport-Zink space, cf. [Man04, section 7.2]. This tower should be compatible with the product
decomposition, similarly to [Man04, section 7.3], and therefore catch the action of G(A.,) on the generic
fiber of the moduli space of global G-shtukas. Then similar arguments as above will likely yield an
equality of virtual G(A) x I'g/-representations

S (1) (VEHT(C.6),. Q) =

-3 S o (g (TN ) i ! ()

(vi) dse, f

Finally we discuss some problems, which prevent us from obtaining formulas similar to the ones claimed
in [Man04].

Problem 7.5.13. Ideally the cohomology of the moduli space of global G-shtukas could be expressed by
the cohomology of the adic spaces associated to Rapoport-Zink spaces and the Igusa varieties. However
the bad behavior of analytifications of stratifications comes back at us. Let us give a little bit more
details here, though ignoring technical details like validity of Kiinneth formulas for adic spaces not
locally of finite type...:

Recall from proposition [6.5.11] that the formal completions of the Newton strata define adic subspaces
‘ﬁg’) “" of X4 ", which however do not form a stratification again. Moreover one can enlarge them to

subsets ‘ﬁg/i) an’StMt, which form a partition, cf. lemma[6.5.13] Thus the two complexes

RD. ( Sl A/ ) and @Rr ( R amstrat Z/WZ)

define isomorphic virtual representations in the Grothendieck group (and as well after passing to Z; or
Qg-coefficients). On the other hand (similarly to our computations done in section [7.2)

(di) an

(mg”” an Z/M) >~ (HM““ o Z/M) oL (HJ)QRF (3gU Z/m).

So one is left to compare the cohomology with compact supports of the quasi-compact space ‘ﬁ(y‘) an,sbrat

and its open non-quasi-compact subspace ’ﬁgh) “". However already the set of global sections with
compact support differ for these two spaces. So it would be rather surprising that their cohomology

encode the same representation, when viewed in the Grothendieck group of G(A® ) xI' g/-representations.
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Unfortunately, it is not even clear how to remove even one of the sheaves of vanishing cycles in

theorem [T.5.11F

Problem 7.5.14. Let us first discuss the case of Igusa varieties: In [Man04] section 7.4] it is claimed
that the the sheaf of vanishing cycles R¥7" (Z/ETZTQM” an) on Igusa varieties is nothing else than the
U

constant sheaf Z/¢"7Z. The argument for this is based on the isomorphism
f*R\I/%”(Z/Z’“Z@m) = RUM(Z /0 Ligon)

for a smooth morphism f : X — Q) of formal schemes. However this is applied to the structure morphism
of the formal Igusa varieties, which are at most formally smooth, so that this isomorphism seems to be
unknown in the situation here.

Note that the formal smoothness assumption is not true for the formal Igusa varieties used in this
article, though it is in the situation of [Man04] and can be obtained as well in our setting by changing
the definitions slightly.

Problem 7.5.15. We now come to Rapoport-Zink spaces. One could hope for an isomorphism
R, (Hﬁi’j",mf;"@g) “ Rr, (H M, Qg)

using the notations of theorem [7.5.11] However all known comparison theorems require the underlying
formal scheme either to be locally of finite type over the base or to be a formal completion of a scheme
locally of finite type along a closed subscheme. While the first situation certainly does not apply to
Rapoport-Zink spaces, the second would yield (at least locally) a slightly different formula, cf. [Ber96al
corollary 3.5].

Note that in [Man04} section 8.2.7-8.2.9] (from where we will take the notations for this paragraph) it is
tried to prove this equality by reduction to cohomology without supports. Apart from questionable use
of Poincaré duality for non-compact analytic spaces, we encounter again the problem that analytification
does not preserve stratifications (similarly to the discussion in problem [7.5.13): While the comparison
theorem yields cohomology groups in the Berkovich space US "9 associated to the formal completion or
the Rapoport-Zink space along Uscl, the very last equality in the proof of [Man04, theorem 8.7] requires
the use of sp~tUS (where sp : M — My is the specialization morphism from Berkovich spaces).
Now both spaces U "9 and sp~1US! have the same underlying topological spaces, but are not the same
Berkovich spaces, as their sets of admissible covers or equivalently their associated adic spaces differ.
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