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For a Shimura variety of Hodge type with hyperspecial level at a prime p, the Newton stratification
on its special fiber at p is a stratification defined in terms of the isomorphism class of the rational
Dieudonné module of parameterized abelian varieties endowed with a certain fixed set of Frobenius-
invariant crystalline tensors (“GQp-isocrystal”). There has been a conjectural group-theoretic description
of the F-isocrystals that are expected to show up in the special fiber. We confirm this conjecture. More
precisely, for any GQp-isocrystal that is expected to appear (in a precise sense), we construct a special
point whose reduction has associated F-isocrystal equal to the given one.

1. Introduction

Fix a prime p > 0, and for g ≥ 1, let Ag be the moduli space of principally polarized abelian varieties
of dimension g in characteristic p. Then the Newton stratification on Ag is the stratification such that
each stratum consists of points x = (Ax , λx) whose associated p-divisible group (Ax [p∞], λx [p∞]) with
quasipolarization is quasi-isogenous to a fixed one. The rational Dieudonné module D(X) of a p-divisible
group X over a perfect field k of characteristic p > 0 provides an equivalence of categories between the
isogeny category of (quasipolarized) p-divisible groups and the category of (quasipolarized) F-isocrystals.
An F-isocrystal (or simply isocrystal) over a perfect field k of characteristic p is a finite-dimensional
L(k)-vector space M with a σ -linear bijective operator 8 : M→ M , where L(k) := Frac(W (k)) and σ
is its Frobenius automorphism.

According to the Dieudonné–Manin classification, an isocrystal over an algebraically closed field
is determined by the slope sequence of 8. The latter combinatorial datum in turn can be faithfully
represented by a lower-convex (piecewise-linear) polygon with integral break points lying in the first
quadrant of Z2, which will be called the Newton polygon hereafter. In other words, the Newton polygon of
D(Ax [p∞]) determines the quasi-isogeny class of Ax [p∞]. The existence of a quasipolarization forces the
Newton polygon of D(Ax [p∞]) to be “symmetric”. Then, it is a natural question to ask which symmetric
Newton polygon can be the Newton polygon of a point of Ag. In fact, the Newton polygons arising from
points of Ag in the way just described meet two more restrictions. First, when the initial point is located
at the origin, the end point is always (2g, g) ∈ Z2. Secondly, it “lies above” the ordinary Newton polygon,
which by definition is the Newton polygon having two slopes (0, 1) with the same multiplicity g. Then, it
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has long been known (after it was conjectured by Manin) that any Newton polygon subject to these two
restraints is the Newton polygon of a point on Ag; a proof can be found, e.g., in [Oort 2013, Corollary
7.8], which uses the Honda–Tate theory, and thus gives examples defined over finite fields.

The main result of this article is a generalization of this fact to more general moduli spaces of abelian
varieties, namely to Shimura varieties of Hodge type. First, we explain how each point in characteristic
p > 0 of a Shimura variety of Hodge type gives an F-isocrystal with certain additional structure. A
detailed discussion will appear in Section 2.

Let (G, X) be a Shimura datum of Hodge type. This means that there exists an embedding of Shimura
data (G, X) ↪→ (GSp(W, ψ),H±g ) into a Siegel Shimura datum, in the sense that there exists an embedding
ρW : G ↪→ GSp(W, ψ) of Q-groups which sends each morphism in X to a member of H±g ; we fix such
an embedding. For a compact open subgroup K ⊂ G(A f ) (which will be tacitly assumed sufficiently
small), the associated (canonical model over the reflex field E(G, X) of the) Shimura variety ShK (G, X)
parameterizes polarized abelian varieties endowed with a fixed set of (absolute) Hodge cycles and a
K-level structure, and carries a universal family of abelian varieties A→ SK := ShK (G, X) equipped
with a similar set of (absolute Hodge) tensors on H 1

dR(A/SK ). To study its reduction modulo p, we fix a
prime ℘ of E(G, X) and let O :=O(℘) be the localization at ℘ of the ring of integers of E(G, X) with
residue field κ(℘). To obtain an integral model over O with good reduction, we assume that GQp is
unramified, which is equivalent to the existence of a reductive group scheme GZp over Zp with generic
fiber GQp . We choose one such model GZp and set K p := GZp(Zp) (such compact open subgroups of
G(Qp) are called hyperspecial). For K , we take K = K p× K p for a (sufficiently small) compact open
subgroup K p

⊂G(Ap
f ). Then, by [Vasiu 1999; Kisin 2010], it is known that there exists a smooth integral

model SK := SK (G, X) over O with generic fiber SK , which is furthermore uniquely characterized by a
“Neron-extension property”. Also, this integral model carries a universal abelian scheme A over it by
construction. Then each point on the reduction SK ⊗O κ(℘) gives an F-isocrystal as follows.

Let z be a point of SK ⊗O κ(℘) defined over an algebraically closed field k, assumed (for simplicity)
to be of finite transcendence degree over Fp. By smoothness of SK and the moduli interpretation of
SK , the Dieudonné module D(Az) is supplied with a set of Frobenius-invariant tensors {sα,0,z}α∈J , and
there exists an L(k)-isomorphism between the dual space W∨ ⊗ L(k) and D(Az) which matches the
G-invariant tensors on W∨ and the tensors {sα,0,z}α∈J on D(Az), which is thus canonically determined
up to the action of GL(k) on W∨L(k) (Lemma 2.2.5). Choosing such an isomorphism and transporting the
Frobenius operator 8 to W∨L(k), we get an element b ∈ G(L(k)) such that 8= ρW∨(b)(idW∨ ⊗σ), where
ρW∨ : G ↪→GL(W∨) is the contragredient representation of the symplectic representation ρW fixed in the
beginning. Recall that two elements g1, g2 of G(L(k)) are called σ -conjugate if there exists h ∈ G(L(k))
with g2= hg1σ(h)−1. Then the σ -conjugacy class [b] of b is independent of the choice of an isomorphism
W∨L(k)→D(Ax) just explained, and the isomorphism class of the F-isocrystal (D(Az),8) equipped with
the Frobenius-invariant tensors {sα,0,z}α∈J , called GQp-isocrystal, corresponds to a unique σ -conjugacy
class of elements of G(L(k)). If B(GQp) denotes the set of the σ -conjugacy classes of elements of
G(L(k)), there exists a subset B(GQp , X) of B(GQp) which is expected to be the set of isocrystals with
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GQp-structure coming from points on SK ⊗O κ(℘). We remark that this is a subset of B(GQp) defined by
certain two conditions that are analogous to those discussed above in the Siegel case, and it turns out that
for any point of SK ⊗O κ(℘), its associated GQp-isocrystal belongs to this subset B(GQp , X).

For [b] ∈ B(GQp , X), let S[b] be the subset of points of SK ⊗O κ(℘) whose associated GQp-isocrystal
is [b]. The main result of this paper is then that for every [b] ∈ B(GQp , X), S[b] is nonempty. Our proof
consists of finding a special point whose reduction has F-isocrystal equal to a given one. We recall that a
point [h, g f · K ] ∈ ShK (G, X)(C)= G(Q)\X ×G(A f )/K is called special if h ∈ X factors through TR

for some maximal Q-torus T of G. Special points are known to be defined over Q⊂ C and extend over
the valuation ring of an embedding Q ↪→Qp for any reasonable integral model.

Theorem 1.0.1 (Theorem 3.2.1). Let (G, X) be a Shimura datum and p a rational prime. Assume that
GQp is unramified. Fix a hyperspecial subgroup K p of G(Qp) and a sufficiently small compact open
subgroup K p

⊂ G(Ap
f ); put K = K p× K p. Choose a prime ℘ of E(G, X) above p, and an embedding

ιp :Q ↪→Qp inducing ℘.

(1) For every [b] ∈ B(GQp , X), there exists a special Shimura subdatum (T, h ∈ Hom(S, TR)∩ X) such
that TQp is unramified and the σ -conjugacy class of µ−1

h (p) ∈ G(Qur
p ) equals [b], and further, such

that the (unique) hyperspecial subgroup of T (Qp) is contained in K p.

(2) If (G, X) is of Hodge type, for every special point [h, g f ]K ∈ ShK (G, X)(Q) (defined for any
g f ∈ G(A f )), its reduction has F-isocrystal equal to [b].

The statement (1) here is in fact a combination of two statements (1) and (3) of Theorem 3.2.1.
The nonemptiness of Newton strata has been conjectured by Fargues [2004, Conjecture 3.1.1] and

Rapoport [2005, Conjecture 7.1]. Some partial cases confirming this conjecture were known. We only
mention previous works in two directions. For PEL-type Shimura varieties (which form a subclass of
Hodge-type Shimura varieties), this conjecture (i.e., nonemptiness of all Newton strata in B(GQp , X))
was proved by C.-F. Yu [2005] in the Lie-type C cases, then by Viehmann and Wedhorn [2013, Theorem
1.6] in general, and by Kret [2012] for some simple groups of Lie type A or C . For a general Hodge-type
Shimura variety, to the best of the author’s knowledge, there are two partial results. First, Wortmann
[2013] showed nonemptiness of the µ-ordinary locus, a generalization of the (usual) ordinary locus in Ag.
For projective Shimura varieties of Hodge type, Koskivirta [2016] proved the conjecture (nonemptiness
of all Newton strata).

While all these previous results on the nonemptiness of Newton strata, except for that of Kret, are
obtained by algebro-geometric methods in positive characteristic, which are sometimes of limited applica-
bility for Hodge-type Shimura varieties, we point out that the first claim of our theorem above is a purely
group-theoretic statement on Shimura data without any reference to the geometry of the Shimura variety.
When the Shimura datum is of Hodge type, this group-theoretic statement carries the geometric meaning
of the second claim (by Lemma 3.1.1). In this geometric interpretation of the group-theoretic statement
of the first claim, one does not need a fine geometric property of the integral canonical model SK .
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We also point out that our method of proof of the theorem, more precisely that of constructing a special
point with certain prescribed properties, allows us to obtain some finer results. First, as is already apparent,
we prove more than just nonemptiness of Newton strata; namely, we show existence of a special point
whose reduction lies in any given Newton stratum. As another example, we also prove a generalization of
a result of Wedhorn [1999, (1.6.3)] (the first statement of the next result in the PEL-type cases of Lie type
A or C), using an argument different from the original one of Wedhorn (see Remark 3.2.5).

Corollary 1.0.2 (Corollary 3.2.3). Let (G, X) be a Shimura datum of Hodge type. Suppose that GQp

is unramified and choose a hyperspecial subgroup K p of G(Qp). Let ℘ be a prime of E(G, X) above
p. Then the reduction SK p(G, X)× κ(℘) has nonempty ordinary locus if and only if ℘ has absolute
height one (that is, E(G, X)℘ =Qp). In this case, if the chosen embedding G ↪→ GSp(W, ψ) induces an
embedding GZp ↪→ GL(WZp) of Zp-group schemes, there exists a special point which is the Serre–Tate
canonical lifting of its reduction.

We remark (see 2.2.1) that the constructions of the integral canonical model by Vasiu and Kisin both
require this condition on the embedding G ↪→ GSp(W, ψ) to be satisfied. Finally, we remark that since
our methods of proof of the above results are purely group-theoretic (based on Galois cohomology theory
of algebraic groups), they are very likely to apply to more general Shimura varieties, particularly to
Shimura varieties of abelian-type and/or with nonhyperspecial level. We do not pursue such ideas in this
article, though.

This article is organized as follows. In Section 2, we review the construction of the canonical integral
model SK (G, X) of a Hodge-type Shimura variety ShK (G, X) with hyperspecial level at p, due to Vasiu
and Kisin, and of the Newton stratification on its (good) reduction SK (G, X)⊗ κ(℘). We also recall the
definitions of Newton map and Kottwitz map for reductive groups over p-adic fields, which are needed to
define Newton stratification. Section 3 is devoted to the proof of the nonemptiness of Newton strata, by
constructing a special point with prescribed F-isocrystal. For that, we generalize (in Hodge-type situation)
a result of Kottwitz which identifies the GQp-isocrystal of the reduction of a special point in terms of
the defining special Shimura datum. As a corollary of our method, we also obtain a criterion for when
the good reduction of a Shimura variety with hyperspecial level has an ordinary point, and prove that
in such cases, there always exists a special point which is the Serre–Tate canonical lifting of its reduction.

Notation. Throughout this paper, Q denotes the algebraic closure of Q inside C (so Q has a privileged
embedding into C). For a (connected) reductive group G over a field, we let Gsc be the universal covering
of its derived group Gder, and for a (general linear algebraic) group G, Z(G) and Gad denote its center
and the adjoint group G/Z(G), respectively.

2. Newton stratification on good reduction of Shimura varieties

In this section, we give an account of the construction of Newton stratification on the reduction of the
integral canonical model of a Hodge-type Shimura variety with hyperspecial level.
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First, we begin with a brief review of the Newton map and Kottwitz map, which are defined for connected
reductive groups over p-adic fields. For a reductive group G over a local field F and a conjugacy class
C of cocharacters of G F , we define a certain subset B(G, C) of B(G), the set of all G-isocrystals.

2.1. G-isocrystals and the set B(G,C). In this subsection only, all algebraic groups considered will be
defined over p-adic fields.

Let k be an algebraically closed field of characteristic p, and let W (k) be its Witt vector ring and
K0 = L(k) the fraction field of W (k). Fix an algebraic closure K0 of K0. Let F be a finite extension of
Qp in K0, and denote by L the composite of K0 and F in K0; for our application to Shimura varieties, the
most interesting case will be when k = Fp and F =Qp, so that L = L(Fp). Denote by σ the Frobenius
automorphism of L/F (i.e., the automorphism of L fixing F and inducing the q-th power map on the
residue field k of L , where q ∈ N is the cardinality of the residue field of F). Let G be a connected
reductive group over F . Put GalF := Gal(F/F).

2.1.1. Let B(G) be the set of σ -conjugacy classes in G(L):

B(G)= G(L)/∼,

where two elements x, y of G(L) are σ -conjugated, denoted by x ∼ y, if x = gyσ(g)−1 for some
g ∈ G(L); the σ -conjugacy class of b ∈ G(L) is denoted by [b]. An element of B(G) is called an
(F-)isocrystal with G-structure.

To relate this notion to the previously introduced notion of F-isocrystal (i.e., a finite-dimensional
vector space U over L endowed with a σ -linear bijection 8 :U →U ), let REPF (G) be the category of
finite-dimensional F-linear representations of G, and CRYS the category of F-isocrystals. Both are in a
natural manner F-linear Tannakian categories (for CRYS, see [Kottwitz 1985, §3]). An element [b] of
B(G) can equivalently be considered as an F-linear exact (faithful) tensor functor

REPF (G)→ CRYS : (ρ, V ) 7→ (V ⊗ L , ρ(b) · (idV ⊗ σ)),

for any representative b ∈ G(L) of [b] ∈ B(G); see [Rapoport and Richartz 1996, Remark 3.4(i)]. If
[b1] = [b2], there exists a natural transformation between the corresponding tensor functors. Then any F-
isocrystal (U,8) of height n (i.e., dimL U = n) gives rise to an F-isocrystal with GLn-structure [Rapoport
and Richartz 1996, Remarks 3.4(ii)]. So, B(GLn) classifies the isomorphism classes of F-isocrystals
(U,8) of height n.

2.1.2. Let D be the pro-algebraic torus over Qp with character group Q. We define N (G) to be the set
of σ -invariants in the set of conjugacy classes of homomorphisms DL → GL :

N (G)= (Int G(L) \HomL(D,G))〈σ 〉,

where 〈σ 〉 denotes the infinite cyclic group generated by σ (and is endowed with the discrete topology).
For example, when G = T is a torus, we have N (T )= X∗(T )

GalF
Q

.
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If T ⊂ G is a maximal F-torus with (absolute) Weyl group �, there is a natural identification

N (G)= (X∗(T )Q/�)GalF ,

where the Galois action on X∗(T )Q/� is the canonical action.
Kottwitz [1985, §4] (cf. [Rapoport and Richartz 1996, Theorem 1.8]) constructs a map

ν = νG : G(L)→ HomL(D,G)

which is functorial in G. We call the induced functorial map ν, defined on the category of connected
reductive groups over F , the Newton map:

ν : B( · )→N ( · ); νG([b])= νG(b), b ∈ [b].

Here, b ∈ G(L) is a representative of [b] and νG(b) is the conjugacy class of νG(b).
When G = GLn , the Newton map sends an F-isocrystal (U,8) of height n to its Newton polygon,

which is represented in N (GLn) by the corresponding slope homomorphism; see Example 1.10 of
[Rapoport and Richartz 1996].

2.1.3. Let π1(G)= π1(G, T ) := X∗(T )/
∑

α∈R∗ Zα∨ be the algebraic fundamental group à la Borovoi,
where T is a maximal torus of G F and R∗⊂ X∗(T ) is the set of roots of (G, T ). This is a GalF -module in
a natural manner, and (as the notation suggests) is canonically attached to G only. The functor G 7→π1(G)
is an exact functor from the category of connected reductive groups over F to the category of finitely
generated discrete GalF -modules; see [Rapoport and Richartz 1996, 1.13]. Kottwitz [1990, §6] constructs
a natural transformation

κ : B( · )→ π1( · )GalF (2.1.3.1)

of set-valued functors on the category of connected reductive groups over F , where π1( · )GalF is the
group of coinvariants for the canonical Galois action [Rapoport and Richartz 1996, 1.13]. For tori, for
which B( · ) has an obvious abelian group structure, this map is an isomorphism [Kottwitz 1985, (5.5.1)]
(cf. [Rapoport and Richartz 1996, Theorem 1.15]).

2.1.4. In the following discussion, suppose given a G(F)-conjugacy class C of cocharacters into G F . We
define a finite subset B(G, C) of B(G), following Kottwitz [1997, §6] (cf. [Rapoport 2005, §4]).

Choose a Borel pair (T, B) (i.e., T is a maximal F-torus and B is a Borel subgroup of G F containing
T ). Let BR(G)= (X∗(T ), R∗, X∗(T ), R∗,1) be the associated based root datum and C ⊂ X∗(T )R the
closed Weyl chamber associated with the root base 1⊂ R∗.

Denoting by µC = µC(G, C) the (unique) representative in C of C, we set

µ(G, C) := |GalF ·µC |
−1

∑
µ′∈GalF ·µC

µ′ ∈ C .

Here, the action of GalF on C is the canonical action. The G(F)-conjugacy class of cocharacters containing
µ(G, C) depends only on the pair (G, C) (i.e., is independent of the choice of a Borel pair (T, B)).
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Let µ\ = µ\(C) denote the image of µ ∈ X∗(T ) under the natural map

X∗(T )→ π1(G)GalF =

(
X∗(T )

/ ∑
α∈R∗

Zα∨
)

GalF

for any cocharacter µ of TF lying in the conjugacy class C; µ\ depends only on the conjugacy class C,
and neither on the choice of a representative µ in TF nor on that of T .

For a connected reductive group G over F and a G(F)-conjugacy class C of cocharacters into G F ,
we define

B(G, C) := {[b] ∈ B(G) | κG([b])= µ\, νG([b])� µ(G, C)},

where � is the natural partial order on the closed Weyl chamber C defined so that ν � ν ′ if ν ′− ν is a
nonnegative linear combination with real coefficients of simple coroots in X∗(T )R [Rapoport and Richartz
1996, Lemma 2.2]. Also, here we use the canonical identification of X∗(T )Q/� as a subset of C .

One knows by [Kottwitz 1997, 4.13] that the map (ν, κ) : B(G)→ N (G)× π1(G)GalF is injective;
hence B(G, C) can be identified with a subset of N (G).

2.2. Integral canonical model and Newton stratification. Let (G, X) be a Shimura datum of Hodge
type. We assume given an embedding ρ : (G, X)→ (GSp(W, ψ),H±) of Shimura data (i.e., there exists
an embedding ρW : G ↪→ GSp(W, ψ) of Q-algebraic groups which sends each morphism in X to a
member of H±g ). Consider a compact open subgroup K of G(A f ) of the form K = K p K p, where K p

and K p are compact open subgroups of G(Qp) and G(Ap
f ), respectively. Choose a prime ℘ of E(G, X)

above p and let O(℘) be the localization at ℘ of the ring of integers OE(G,X) of E(G, X). We also use
ShK (G, X) to denote the canonical model over E(G, X) [Deligne 1979, 2.2].

2.2.1. When K p is hyperspecial, Vasiu [1999] (cf. [Vasiu 2007a; 2007b]) and Kisin [2010] independently
constructed a smooth integral model SK (G, X) over O(℘) of the canonical model ShK (G, X). The
projective limit SK p(G, X) of SK p K p(G, X) over varying {K p

} is characterized, as a scheme over O(℘),
uniquely by the extension property: for any regular, formally smooth O(℘)-scheme S, every E(G, X)-
morphism SE(G,X)→ ShK p(G, X) extends uniquely over O(℘).

Remark 2.2.2. This definition of the extension property is due to Kisin [2010, Theorem 2.3.8]. It differs
slightly from that of Vasiu, who uses, as test schemes, healthy regular schemes over O(℘) [Vasiu 1999,
Section 3.2] instead of regular, formally smooth O(℘)-schemes. But, when GQp is unramified, every
regular, formally smooth scheme over O(℘) is also healthy regular over O(℘), because O(℘) is unramified
over Z(p) [Milne 1994, Corollary 4.7(a)] and every regular, formally smooth scheme is healthy regular
(if p > 2) over any d.v.r. unramified over Z(p), according to a lemma of Faltings (see [Moonen 1998,
Lemma 3.6]). Consequently, this difference (and related other minor differences) will not matter when
the extension property is invoked for such schemes.

In our work, we need a more precise description of the integral canonical model. Let GZp be a reductive
group scheme over Zp with generic fiber GQp and such that GZp(Zp) = K p. By [Kisin 2010, (2.3)],
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there exists a lattice WZ of W such that the embedding ρQp : GQp ↪→ GL(WQp) is induced by a closed
embedding

GZp ↪→ GL(WZp),

where WZp :=WZ⊗Zp. For K p stabilizing WẐ =WZ⊗ Ẑ, one can find a compact open subgroup H =
H p Hp ⊂GSp(W, ψ)(A f ) with ρ(K )⊂ H such that H stabilizes WẐ and also that ρ : G ↪→GSp(W, ψ)
induces an embedding (of weakly canonical models of Shimura varieties)

ShK (G, X) ↪→ ShH (GSp(WZ, ψ),H
±)⊗Q E(G, X).

For d ∈ N and sufficiently small H , let Ag,d,H denote the Mumford (fine) moduli scheme over Z[1/d]
which parametrizes abelian schemes endowed with a polarization of degree d and a level H -structure.
By replacing WZ by a scalar multiple of it, we may and do assume that ψ is Z-valued on WZ; let
d := [W ∗Z :WZ] for the dual W ∗Z ⊂W . Then, by taking sufficiently small K p (so that H p is also so), we
get an embedding of schemes

ShH (GSp(WZ, ψ),H
±) ↪→Ag,d,H .

By construction, SK (G, X) is the normalization of the Zariski closure of the image of the resulting
embedding

ShK (G, X) ↪→Ag,d,H ⊗Z(p) O(℘). (2.2.2.1)

From now on, when we talk about the canonical integral model SK p K p (with hyperspecial K p), we
will tacitly assume that K p is small enough that the above conditions imposed are achieved.

Let SK ⊗ κ(℘) be the reduction of the integral canonical model SK = SK (G, X) at ℘. Next, we define
the Newton stratification on this scheme, following [Rapoport 2005; Vasiu 2008] (cf. [Wortmann 2013]).
We fix an embedding ιp :Q ↪→Qp which induces the chosen prime ℘ on E(G, X); such choice amounts
to fixing an embedding E(G, X)℘ ↪→Qp together with an embedding ιp of E(G, X)-algebras.

2.2.3. For a vector space V , let T (V ) be the tensor space attached to V :

T (V )=
⊕

(s,t)∈N2

V⊗s
⊗ (V∨)⊗t .

An element of T (V ) is called a tensor on V . Let {sα}α∈J be the set of tensors on WQ fixed under the
extended action of GQ ↪→ GL(W ) on T (W ).

Let (π : A→ ShK , λA) be the pullback to ShK = ShK (G, X) of the universal abelian scheme with a
polarization of degree d over Ag,d,H ; as usual, we assume K p to be sufficiently small for this to make
sense. We have the local system W := R1(π an)∗Q of Q-vector spaces and the (analytic) vector bundle
Wan

C
:= R1(π an)∗�

•

AC/ShK
with Gauss–Manin connection (which is an integrable connection with regular

singularities). By Deligne’s theorem, the latter is the analytification of a unique algebraic vector bundle W

over ShK (in this case, the relative de Rham cohomology H 1
dR(A/ShK ) := R1π∗�

•

A/ShK
) with integrable

connection. Each tensor sα defines a global section sα,B of the local system T (W) and also a global
section sα,dR of the vector bundle T (H 1

dR(A/ShK )) [Kisin 2010, (2.2)].
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Now, let F ⊃ E(G, X) be an extension which can be embedded in C; we fix an embedding σ∞ : F ↪→C

which extends the given embedding E(G, X) ↪→ C. For x ∈ ShK (G, X)(F), let Ax be the corresponding
abelian variety over F , and let H m

dR(Ax/F) and H m
ét (Ax ⊗F F,Qp) denote the de Rham cohomology

of Ax/F and the étale cohomology of Ax ⊗F F , respectively. For each tensor sα ∈ T (W ), let sα,B,σ∞(x)
in T (H 1

B(σ∞(Ax),Q)) denote the fiber of sα,B at σ∞(x) ∈ ShK (G, X)(C). By the moduli interpre-
tation of the complex points of ShK (G, X) [Milne 1994, Proposition 3.9], there is an isomorphism
W∨ ∼→ H 1

B(Aσ∞(x),Q), uniquely determined up to action of G(Q), where G acts on W∨ by the contra-
gredient representation. Moreover, sα,B,σ∞(x) is the image of sα by any such isomorphism (in particular,
it does not depend on the choice of such isomorphism). For each prime l, let sα,l,σ∞(x) be the tensor in
T (H 1

ét(Ax ⊗F F,Ql)) which is the preimage of sα,B,σ∞(x) under the canonical isomorphism

H 1
ét(Ax ⊗F F,Ql)

∼
→ H 1

ét(σ∞(Ax ⊗F F),Ql)= H 1
B(σ∞(Ax),Q)⊗Ql, (2.2.3.1)

where the first isomorphism σ∞ is the proper base change isomorphism in étale cohomology. The image
of sα,B,σ∞(x) under the comparison isomorphism

H 1
B(σ∞(Ax),Q)⊗C= H 1

dR(Ax ⊗F,σ∞ C/C)

is the stalk sα,dR,σ∞(x) at σ∞(x) of the section sα,dR of T (H 1
dR(A/ShK )). As the algebraic vector bundle

H 1
dR(A/ShK ) is defined over E(G, X) [Kisin 2010, Corollary 2.2.2], so is σ∞(sα,dR,x), the base change via

σ∞ of the stalk sα,dR,x of sα,dR at x . Set H m
A (Ax) :=H m

dR(Ax/F)×
∏

l H m
ét (Ax ,Ql) and Q(1) := F×A f (1),

where A f (1) := (lim←−−r µr )⊗Z Q (as usual, µr := {ζ ∈ F | ζ r
= 1}), and let T (H 1

A(Ax),Q(1)) be the
tensor space generated by these F ×A f -modules H m

A (Ax), Q(1) (and their duals) [Deligne et al. 1982,
Chapter I, §1]. Then, the element

(sα,dR,x , sα,ét,σ∞(x) := (sα,l,σ∞(x))l)

of T (H 1
A(Ax),Q(1)) is an absolute Hodge cycle on Ax [Deligne et al. 1982, Chapter I, §2].

2.2.4. Now we show that every geometric point z ∈ SK ⊗ Fp(k) (with k = k̄, char k = p) gives rise to a
GQp -isocrystal over k, i.e., a σ -conjugacy class of elements in G(L). Here, we assume that L(k) can be
embedded in C; for example, this is the case if k has finite transcendence degree over Fp. The p-divisible
group (Az[p∞], λAz [p

∞
]) with quasipolarization gives rise to an F-isocrystal over k equipped with a

nondegenerate alternating pairing. More precisely, the crystalline cohomology M := H 1
cris(Az/W (k)) of

Az with quasipolarization λz is a quasipolarized F-crystal (M, φ, 〈 , 〉): M is a free W (k)-module of rank
2 dim Az , φ ∈ EndZp(M) is a σ -linear endomorphism such that pM ⊂ φ(M), and 〈 , 〉 : M×M→W (k)
is an alternating form with the property that 〈φ(v1), φ(v2)〉 = p〈v1, v2〉

σ for v1, v2 ∈ M .
To proceed, we fix an embedding E(G, X)℘ ↪→ L(k), and thus an identification E(G, X)℘ = L(Fq) as

well, where Fq is the residue field of O(℘). Then there exists a lift of z :Spec(k)→SK⊗κ k to Spec(W (k)),
since SK (G, X) is smooth over O(℘) and O(℘) is unramified over Z(p) [Milne 1994, Corollary 4.7]. We
choose one, say x : Spec(W (k))→ SK , and set (Ax , λx) := x∗(A, λA).
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Lemma 2.2.5. For each α ∈ J , let sα,0,x ∈ T (M ⊗W (k) L(k)) denote the image of sα,dR,x (the stalk at x
of sα,dR) under the canonical isomorphism H 1

dR(Ax/L(k))= M ⊗W (k) L(k).

(1) The tensor sα,0,x is a crystalline cycle, namely sα,0,z belongs to the F0-filtration of T (M⊗ L(k)) and
is fixed under the Frobenius φ, where the filtration on T (M ⊗ L(k)) is the one transported from the
Hodge filtration on T (H 1

dR(Ax/L(k)) by the canonical isomorphism M ⊗ L(k)= H 1
dR(Ax/L(k)).

(2) The triple
(M ⊗ F, φ, (sα,0,x)α∈J )

depends only on z, not on the lift x ; let us write sα,0,z for sα,0,x . There exists an L(k)-isomorphism

W∨⊗Q L(k) ∼→ M ⊗W (k) L(k) (2.2.5.1)

which maps sα to sα,0,z for every α ∈ J .

Proof. (1) This is well-known. Originally, this statement was proved by Blasius, Ogus, and Wintenberger
independently (see [Blasius 1994, §5]) when x was defined over a number field, as a consequence of the
fact that the Hodge cycles on an abelian variety over a number field are de Rham and the compatibility
of the crystalline and de Rham comparison isomorphisms [Blasius 1994, 5.1(5)]. Then Vasiu [2008,
Section 8] generalized it to arbitrary fields.

(2) As before, we choose an embedding σ∞ : L(k) ↪→ C of E(G, X)-algebras. We have seen that for
each α ∈ J , the image of sα under the comparison isomorphism

W∨⊗C ∼→ H 1
B(σ∞(Ax),Q)⊗C ∼→ H 1

dR(Ax/L(k))⊗L(k),σ∞ C (2.2.5.2)

is σ∞(sα,dR,x)= sα,dR,x⊗1 (a section of T (H 1
dR(Ax ′/L(k)))⊗L(k),σ∞ C); recall that the first isomorphism

is unique up to the action of G(Q) on W∨. Next, for any two lifts x, x ′ over W (k) of z, the composite of
the canonical maps

H 1
dR(Ax/L(k)) ∼→ H 1

cris(Az/W (k))⊗ L(k) ∼→ H 1
dR(Ax ′/L(k))

is given by parallel transport with respect to the Gauss–Manin connection [Berthelot and Ogus 1983,
Remark 2.9]. As σ∞(sα,dR,y) for y = x, x ′ are the stalks of a horizontal global section sα,B of the local
system T (WC), we see that under the composite map at hand, σ∞(sα,dR,x) must map to σ∞(sα,dR,x ′). This
proves that the triple (M ⊗ L(k), φ, (sα,0,x)α∈J ) is independent of the choice of lift x . Let us write sα,0,z
for sα,0,x (α ∈ J ).

Now, the functor defined on L(k)-algebras

R 7→ IsomR((W∨L(k)⊗ R, {sα ⊗ 1}), (M ⊗ R, {sα,0,z ⊗ 1}))

of isomorphisms between W∨⊗Q L(k) and M = H 1
cris(Az/L(k)) taking sα to sα,0,z for every α ∈ J is

represented by a scheme which is nonempty since it has a C-valued point, as was just seen, and thus is a
torsor over L(k) under GL(k). Since H 1(L(k),GL(k))= {0} (Steinberg’s theorem), this torsor is trivial,
namely has an L(k)-valued point. �
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Therefore, when one chooses an isomorphism as in (2.2.5.1) and transports the σ -linear map φ to
W∨⊗ L(k), we obtain an element b ∈ G(L(k)) with

φ = ρW∨(b)(idW∨ ⊗ σ),

where ρW∨ :G ↪→GL(W∨) denotes the contragredient representation: indeed, both φ and idW∨⊗σ (thus
ρW∨(b) as well) fix each sα ⊗ 1 ∈ T (W∨⊗ L(k)). Although b depends on the choice of an isomorphism
(2.2.5.1), its σ -conjugacy class [b] ∈ B(GQp) is independent of such choice. This shows that the F-
isocrystal over k attached to z is an GQp-isocrystal. For an arbitrary point z of SK (G, X)⊗ κ(℘), we
define the F-isocrystal attached to z to be the F-isocrystal of the geometric point in SK (G, X)(k) induced
from z for any algebraically closed field k containing the residue field κ(z) of z. The resulting F-isocrystal
does not depend on the choice of k ′; see [Viehmann and Wedhorn 2013, §8; Rapoport and Richartz 1996,
Lemma 1.3]. In this way, we obtain a (set-theoretic) map

2 : SK (G, X)⊗ κ(℘)→ B(GQp).

By the same argument (applied to Sh(T, h) instead of Sh(G, X)), we see that if σ∞(x) is a special
point, i.e., σ∞(x)= [h, g f ] ∈ ShK (G, X)(σ∞(F)) for some h ∈ X factoring through a maximal Q-torus
T of G, the GQp-isocrystal (attached to its reduction z ∈ SK (G, X)) has a representative in T (L).

Finally, we remark that although our definition of the F-isocrystal attached to a point of SK (G, X)(k)
uses cohomology spaces, one can equally work with homology spaces, as adopted by other people (such
as Viehmann and Wedhorn [2013]). This does not alter the definition of the map 2.

2.2.6. With every Shimura datum (G, X), there is associated a natural G(C)-conjugacy class c(G, X) of
cocharacters of GC, namely that containing the Hodge cocharacter µ−1

h := h−1
|Gm , where Gm refers to

the factor of (ResC/RGm)C =
∏

Gal(C/R) Gm corresponding to the identity embedding of C. Recall that
we fixed an embedding ιp : Q ↪→ Qp inducing the chosen prime ℘ on E(G, X) and Q is given as a
subfield of C. As is well-known, this choice allows us to consider c(G, X) as a G(Qp)-conjugacy class
of cocharacters of GQp

; we continue to denote it by c(G, X).
Put B(GQp , X) := B(GQp , c(G, X)) (the subset of B(GQp) defined in 2.1.4 for C = c(G, X)) and

µ(GQp , X) := µ(GQp , c(G, X)).

Proposition 2.2.7. Let (G, X) be a Shimura datum of Hodge type and K = K p K p
⊂ G(A f ) a compact

open subgroup. Suppose that G is unramified over Qp and K p ⊂ G(Qp) is hyperspecial.

(1) The image of 2 : SK (G, X)⊗ κ(℘)→ B(GQp) is contained in B(GQp , X).

(2) For [b] ∈ B(GQp), the subset
S[b] :=2−1([b])

is locally closed inside SK (G, X)⊗ Fp.

For (1), see, e.g., [Viehmann 2015, Theorem 3.7], and for (2), [Vasiu 2011, 5.3.1].
Endowed with reduced induced subscheme structure, the subvarieties S[b] of SK (G, X)⊗Fp are called

the Newton strata of SK (G, X).
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Rapoport [2005, Conjecture 7.1] conjectures the following.

Conjecture 2.2.8. Im(2)= B(GQp , X).

Remark 2.2.9. (1) It is known (see [Rapoport and Richartz 1996; Chai 2000]) that with respect to the
partial order � on B(GQp , X), there exist a unique maximal element, called the µ-ordinary element, and a
unique minimal element, called the basic element. The µ-ordinary element is just (the σ -conjugacy class
in B(GQp , X)with Newton point) µ(GQp , X); it is clear from the definition that µ(GQp , X)∈ B(GQp , X).
Previously, nonemptiness is known for these two special strata. For the µ-ordinary locus, this was first
proved by Wedhorn [1999] in the PEL-type cases, using an equicharacteristic deformation argument (which
is thus yet unavailable for Hodge type Shimura varieties) and by Wortmann [2013] for general Hodge-type
cases, along the lines of [Viehmann and Wedhorn 2013] comparing the Newton stratification with the
Ekedahl–Oort stratification. There was also a group-theoretic approach of [Bültel 2001]. Nonemptiness
of the basic locus in the PEL-type cases was shown in [Fargues 2004].

(2) The Newton stratification on Shimura varieties has been a research topic of intensive study with
constant progress and outputs. We refer the reader to the recent survey article [Viehmann 2015] on the
current status of research (updating the reports by Rapoport [2003; 2005]). Here, we just mention one
question directly related to our work, namely the dimension of Newton strata (the result on which either
assumes or subsumes the nonemptiness of stratum). There is a conjectural formula for the (co)dimension
of each Newton stratum [Chai 2000, Question 7.6; Rapoport 2005, p. 296]. This conjecture was inspired
by the result of Oort [2001, Theorem 4.2] confirming it in the Siegel case, and was proved, among
others, in the general PEL-type case by Hamacher [2015]; with our nonemptiness result, his recent work
[Hamacher 2017] also establishes this formula in the general Hodge-type case. Also, the result of [Kret
2012], alluded to in the introduction, in fact establishes nonemptiness of Newton strata by proving this
formula in the simple PEL-type cases of Lie type A or C ; his result, however, depends on the resolution
of the Langlands–Rapoport conjecture [Kisin 2017] and the stabilization of the twisted trace formula.
There is also a work of Scholze and Shin [2013, Corollary 8.4] of similar flavor.

(3) We do not know yet if our definition of the GQp-isocrystal is a GQp-isocrystal on SK ⊗ κ(℘) in the
sense of [Rapoport and Richartz 1996, §3]. Due to this flaw, some basic properties on Newton stratification
that are known for PEL-type Shimura varieties, such as the Grothendieck specialization theorem, are not
yet established for Hodge type Shimura varieties. For some known properties, we refer to [Rapoport
2003; Vasiu 2008].

3. Proof of nonemptiness of Newton strata

We keep the notation from the previous section; in particular, we chose an embedding ιp : Q ↪→ Qp

inducing ℘ on E(G, X). In this section, we prove the main result, namely that for any GQp-isocrystal
[b] lying in B(GQp , X), there exists a special point in ShK (G, X)(Q) such that the F-isocrystal of its
reduction is [b]. For that, we give a generalization of a result of Kottwitz [1992, Lemma 13.1] (in the
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PEL-cases) which identifies the GQp-isocrystal of the reduction of a special point in terms of the special
Shimura subdatum defining the point.

3.1. GQ p-isocrystal attached to special points. We recall that for a torus T over a nonarchimedean local
field F, there exists a unique maximal compact subgroup of T (F) (which is also open). In fact, T has a
canonical integral form T over OF such that for every finite extension F ′ of F, the maximal compact
subgroup of T (F ′) is T (OF ′). If E is a finite Galois extension of F splitting T , the maximal compact
subgroup of T (E) = Hom(X∗(T ), E×) (' (E×)dim T ) is T (OE) = Hom(X∗(T ),O×E ) (' (O×E )

dim T );
furthermore, we have T (OF ) = HomGal(E/F)(X∗(T ),O×E ). If T is unramified over F , T (OF ) is the
unique hyperspecial subgroup of T (F) (see Theorem 1 and the discussion after Proposition 2 in §10.3 of
[Voskresenskiı̆ 1998]; also see [Tits 1979]). We will also write simply T (OF ) for T (OF ).

Now, let x = [h, k f ] ∈ ShK (G, X)(Q) be a special point, namely h ∈ Hom(S, TR)∩ X for a maximal
Q-torus T of G and k f ∈ G(A f ). Then, ιp(x) ∈ ShK (G, X)(Qp) extends (uniquely) to an Oιp-valued
point of the integral canonical model SK , where Oιp is the valuation ring of Q defined by ιp. This
is due to the construction of SK as the normalization of the Zariski closure of the image of a natural
embedding ShK (G, X) ↪→ Ag,d,H ⊗Z(p) O(℘) (as provided by (2.2.2.1)). Indeed, the image of x under
such an embedding is a polarized abelian variety of CM-type; thus, it extends to an Oιp-valued point
of Ag,d.H . Since the morphism SK (G, X)→Ag,d,H ⊗Z(p) O(℘) of O(℘)-schemes is finite (as the target
is an excellent scheme), the claim follows by the valuative criterion of properness applied to a suitable
normal model over O(℘) of ShK ′(T, h) for K ′ ⊂ T (A f )∩ K a compact open subgroup. Set L := L(Fp).

Lemma 3.1.1. (1) The GQp-isocrystal of the reduction z of ιp(x) ∈ ShK (G, X)(Oιp) is the image of
−µh ∈ X∗(TQp)GalQp

under the natural map X∗(TQp)GalQp
∼
→ B(TQp)→ B(GQp), where the first

isomorphism is the inverse of the isomorphism κTQp
: B(TQp)

∼
→ X∗(TQp)GalQp

(2.1.3.1).

(2) If TQp is unramified and the (unique) hyperspecial subgroup T (Zp) of T (Qp) is contained in K p,
then ιp(x) is defined over an unramified extension E ′ of E(G, X)℘ and extends uniquely over OE ′ .

It follows readily from [Kottwitz 1985, 2.5] that the GQp-isocrystal of the reduction z is represented by

NmE/E0(µ(πE))
−1
∈ T (L),

where E = E(T, h)p for the prime p of the reflex field E(T, h) induced by ιp, E0 ⊂ E is the maximal
unramified subextension of Qp, NmE/E0 : T (E)→ T (E0) is the Norm map, and πE is a uniformizer
of E .

Proof. (1) This was proved by Kottwitz [1992, Lemma 13.1] in his PE(L)-type situation. In our general
Hodge-type situation, we adapt his arguments; incidentally. We already observed that the F-isocrystal of z
is represented by an element of T (L). Before entering into a detailed proof, we briefly explain the strategy
of Kottwitz’s proof [1992, §12–13]. It consists of two parts. First, with any Qp-torus (T ′, µ′ ∈ X∗(T ′))
endowed with a cocharacter, he constructs a certain T ′-isocrystal, i.e., a Qp-linear exact tensor functor

4T ′,µ′ : REPQp(T
′)−→ CRYS (3.1.1.1)
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(see Section 2.1) and identifies it (via the isomorphism κT ′ : B(T ′) ∼→ X∗(T ′)GalQp
(2.1.3.1)); this part of

his argument applies to any torus over a p-adic field endowed with a cocharacter. Next, he specializes the
pair (T ′, µ′) to the one (TQp , µh) coming from a special Shimura subdatum (T, h) of (GSp(W, ψ),H±),
and in this case obtains the geometric interpretation 4TQp,µh (WQp) = H cris

1 (Az/L), where WQp refers
to the representation of TQp given by the chosen embedding T ↪→ GSp(W, ψ) and H cris

1 (Az/L) is the
F-isocrystal dual to H 1

cris(Az/L) for the reduction z of ιp(x) [Kottwitz 1992, Lemma 13.1]. Here, Kottwitz
works with special Shimura-subdatum defined by a PEL-datum, but one easily checks that this statement
continues to hold for any special Shimura subdatum of (GSp(W, ψ),H±) (we will justify this shortly).
Finally, a standard argument of Tannakian theory gives an isomorphism

f (WQp) : H
cris
1 (Az/L) ∼→WQp ⊗ L

of L-vector spaces; this is obtained by identifying some two L-valued fiber functors of the Tannakian
category REPQp(T

′), from which it follows (cf. Section 2.1) that the Frobenius automorphism H cris
1 (Az/L)

transfers to bσ with b ∈ T ′(L) via such isomorphism. Our main job then consists in verifying that in a
general Hodge-type situation, such an isomorphism f (WQp) still qualifies as an isomorphism of (2.2.5.1),
namely that under the induced map f (WQp)

∨
:W∨L

∼
→ H 1

cris(Az/L), for each α ∈ J , the tensor sα goes
over to the crystalline cycle sα,0,z of Lemma 2.2.5(2).

To justify these claims in detail, we begin by recalling the construction of the functor 4TQp,µh (3.1.1.1).
Let F ⊂ Qp be a finite extension of Qp and T F the category of tori over Qp split by F . The functor
T 7→ X∗(T ) is an equivalence of categories between T F and the category of Gal(F/Qp)-modules that
are free of finite rank as abelian groups. Then, for any object T ′ of T F endowed with a cocharacter
µ′ ∈ X∗(T ′), one defines a Qp-linear exact tensor functor

4T ′,µ′ : REPQp(T
′)→ CRYS (3.1.1.2)

as the composite of two Qp-linear exact tensor functors

ρ∗T ′,µ′ : REPQp(T
′)→ CR(F), D : CR(F)→ CRYS,

where CR(F) is the neutral Qp-linear Tannakian category of finite-dimensional crystalline representations
of Gal(Qp/Fur), where Fur

⊂Qp is the maximal unramified subextension of F . Here, the first functor
ρ∗T ′,µ′ is dual to a certain natural homomorphism

ρT ′,µ′ : Gal(Qp/Fur)→ T ′(Qp) (3.1.1.3)

that is constructed from (T ′, µ′) in [Kottwitz 1992, §12]. The second functor D is the Dieudonné functor
in the Fontaine–Messing theory: for a finite unramified extension E (⊂ Fur) of F and a crystalline
representation V of Gal(Qp/E),

D(V )= (Bcris⊗Qp V )Gal(Qp/E),
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where Bcris is the crystalline period ring of [Fontaine and Messing 1987]. Then, in view of [Kottwitz
1985, 2.5], Lemma 12.1 of [Kottwitz 1992] says that, regarding 4T ′,µ′ as an element of B(T ′), one has
the equality

4T ′,µ′ =−µ
′

under the isomorphism κT ′ : B(T ′) ∼→ X∗(T ′)GalQp
(2.1.3.1).

In the geometric situation where (T ′, µ′)= (TQp , µh), we claim that one has a canonical isomorphism
of F-isocrystals

4TQp,µh (WQp)= H cris
1 (Az/L),

where H cris
1 (Az/L) is the F-isocrystal dual to H 1

cris(Az/L), i.e., the linear dual HomL(H 1
cris(Az/L), L)

equipped with the Frobenius operator81( f )(v) := p−1
·
σf (V v) for f ∈ H cris

1 (Az/L) and v ∈ H 1
cris(Az/L)

(V being the Verschiebung operator on H 1
cris(Az/L)). In view of the comparison theorem of [Fontaine

and Messing 1987] and [Faltings 1989], it is sufficient to show that the (crystalline) representation
Gal(Qp/Fur)→TQp↪→GL(WQp) (3.1.1.3) is isomorphic, via some isomorphism W∨

Qp

∼
→H 1

ét(ιp(Ax),Qp),
to the canonical Galois representation Gal(Qp/Fur)→ GL(H ét

1 (ιp(Ax),Qp)), where H ét
1 (ιp(Ax),Qp)

is H 1
ét(ιp(Ax),Qp)

∨ (linear dual). The moduli interpretation of ShK (G, X)(C) provides an isomorphism
W∨ ∼→ H 1

B(Ax ,Q), uniquely determined up to action of G(Q). There exists such an isomorphism
under which the Hodge structure h : C× → GL(W )R corresponds to the defining Hodge structure
hx : C

×
→ GL(H 1

B(Ax ,Q)) of Ax ; we fix one, say θ . The induced isomorphism

W∨Qp

∼
→ H 1

B(Ax ,Q)⊗Qp
∼
→ H 1

ét(ιp(Ax),Qp) (3.1.1.4)

will be what we want. Under such isomorphism, the Galois representation Gal(Qp/Fur)→TQp (3.1.1.3) is
identified with the one attached to the pair (Tx , hx) by the same procedure in [Kottwitz 1992, §12], where
Tx := Int(θ)(T )⊂GL(H 1

B(Ax ,Q)). Therefore, given these, the claim at hand follows readily from a result
in the theory of complex multiplication of Shimura and Taniyama, which says that when ιp(Ax) is defined
over a finite extension F of Qp, the canonical Galois representation Gal(Fab/F)→GL(H ét

1 (ιp(Ax),Qp))

composed with the isomorphism F× ∼→W ab
F in local class field theory (normalized in such a way that the

geometric Frobenius automorphisms map to uniformizers) is

rTx ,µhx
|E(T,h)×p ◦NmF/E(T,h)p : F

×
→ E(T, h)×p → (Tx)Qp ,

where E(T, h) is the reflex field of (T, µh) and p is the place of E(T, h) defined by ιp : Q ↪→ Qp (so
that E(T, h)p ⊂ F); see [Chai et al. 2014, A.2.5.3, A.2.5.8, (1), and A.2.4.5].

From 4TQp,µh (defined for (T ′, F, µ′)= (TQp , F, µh)), and the obvious fiber functor CRYS→VECL :

(U,8) 7→ U , we get a fiber functor over L: ω1 : REPQp(TQp) → VECL . By Steinberg’s theo-
rem (H 1(L , TL) = {0}), this nonstandard fiber functor is isomorphic to the standard fiber functor
ω0 : REPQp(TQp)→ VECL : (ρ, V ) 7→ V ⊗Qp L; we fix such an isomorphism f : ω1

∼
→ ω0. Then, we

have seen that there exists b ∈ T (L) such that

(H cris
1 (Az/L),81)' (W ⊗ L , ρW (b)(idW ⊗ σ)),
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via the induced isomorphism f (WQp) : ω1(WQp) = H cris
1 (Az/L) ∼→ ω0(WQp) = WQp ⊗ L , and that

[b] = −µ′ ∈ X∗(T ′)GalQp
under the isomorphism κT ′ : B(T ′) ∼→ X∗(T ′)GalQp

(2.1.3.1). Also note in
passing that H 1

cris(Ax/L) ' (W∨⊗ L , ρW∨(b)(idW∨ ⊗ σ)). Therefore, to prove statement (1), we only
need to show that for any isomorphism f : ω1

∼
→ ω0 of fiber functors, f (WQp) : H cris

1 (Az/L) ∼→ WL

qualifies as an isomorphism of (2.2.5.1) (i.e., an isomorphism compatible with tensors). We remark that
in the PEL-type setting, the tensors involved were morphisms in (abelian) categories, so this was obvious.
In a general Hodge-type case, however, the proof of this fact requires a nontrivial fact [Blasius 1994] that
the Hodge cycles on abelian varieties over number fields are de Rham.

In more detail, we consider each tensor sα as a morphism sα : 1→ W⊗
Qp

in REPQp(TQp), where 1
is the trivial representation Qp (which is an identity object of the tensor category REPQp(TQp)) and
W⊗

Qp
denotes some specific object of REPQp(TQp). Applying the functor 4TQp,µh , we get a morphism

s ′α :4TQp,µh (1)→4TQp,µh (W
⊗

Qp
) in CRYS. As 4TQp,µh (1) is the trivial F-isocrystal (L , σ ), again this is

equivalently regarded as a crystalline tensor on 4TQp,µh (WQp)= H cris
1 (Az/L). Moreover, as f : ω1→ ω0

is an isomorphism of fiber functors, we have a commutative diagram of L-vector spaces:

ω1(1)
s′α
//

f (1) '

��

ω1(W⊗Qp
)

' f (W⊗
Qp
)

��

ω0(1)
sα
// ω0(W⊗Qp

)

So, it remains to check that the crystalline tensor s ′α on H 1
cris(Az/L) equals the crystalline cycle sα,0,z , i.e.,

the de Rham cycle sα,dR,x on H 1
dR(Ax/L) (under the canonical isomorphism H 1

cris(Az/L)= H 1
dR(Ax/L)).

First, it follows from the previous discussion that the image of the tensor sα : 1 → W⊗
Qp

under the
functor ρ∗TQp,µh

is its image under our chosen identification W∨
Qp

∼
→ H 1

ét(ιp(Ax),Qp) (3.1.1.4). As this
identification is induced from an isomorphism W∨ ∼→ H 1

B(Ax ,Q) provided by the moduli interpretation
of ShK p K p(G, X)(C), the image tensor equals the tensor sα,p,σ∞(x) : 1→ H ét

1 (ιp(Ax),Qp)
⊗. This is

the p-adic component of the absolute Hodge cycle (sα,dR,x , (sα,l,σ∞(x))l). Then, since the étale and
the de Rham component of an absolute Hodge cycle on an abelian variety over a number field match
under the p-adic comparison isomorphism, from which the second functor D is induced [Blasius 1994,
Theorem 0.3], the image of sα,p,σ∞(x) under the functor D must be sα,dR,x : 1→ H dR

1 (Ax/L)⊗. So, we
have just proved that s ′α =4µh (sα)= sα,dR,x , and consequently statement (1).

(2) The statement on the field of definition is an easy consequence of the reciprocity law characterizing the
canonical model of Shimura varieties [Deligne 1979, 2.2] and local class field theory. For any compact open
subgroup K ′ contained in T (A f )∩K , there is a natural map ShK ′(T, h)→ShK (G, X)⊗E(G,X)E(T, h) of
weakly canonical models of Shimura varieties [Deligne 1979, 2.2.5]. Hence, it suffices to show that for the
compact open subgroup K ′ = T (Zp)×K ′p for any K ′p ⊂ T (Ap)∩K p, the connected components of the
finite scheme ShK ′(T, h) over E(T, h) are defined over an (abelian) extension E ′ of E(T, h) such that the
prime p′ of E ′ induced by ιp is unramified over ℘. The action of Gal(Q/E(T, h)) (which factors through



Nonemptiness of Newton strata of Shimura varieties of Hodge type 275

the topological abelianization Gal(E(T, h)ab/E(T, h))) on the group ShK ′(T, h)(Q)= T (Q)\T (A f )/K ′

is given by (the adelic points of) the reciprocity map [Deligne 1979, 2.2]

rT,µh : ResE(T,h)/Q(Gm E(T,h))
ResE(T,h)/Q(µh)
−−−−−−−−→ ResE(T,h)/Q(TE(G,h))

NE(T,h)/Q
−−−−−→ T (3.1.1.5)

via class field theory: for ρ ∈ Gal(E(T, h)ab
p /E(T, h)p) = E(T, h)×p and [t]K ′ ∈ ShK ′(T, h)(Ep) =

T (Q)\T (A f )/K ′, one has
ρ[t] = [t · rT,µh (ρ)

−1
],

where one uses the convention that under the identification Gal(E(T, h)ab
p /E(T, h)p) = E(T, h)×p , the

geometric Frobenius corresponds to a uniformizer of E(T, h)p. Obviously, the image in T (Qp) under the
map rT,µh of the unit group (OE(T,h)⊗Zp)

× is contained in the maximal compact open subgroup T (Zp).
As Gal(E(T, h)ab

p /E(T, h)ur
p ) = (OE(T,h))

×
p ⊂ (OE(T,h) ⊗ Zp)

×, this proves the claim. Then, by the
extension property [Kisin 2010, 2.3.7] and Remark 2.2.2 of the integral canonical model, x extends to an
OF -valued point of SK . �

Note that when the conditions of (2) hold, the “good reduction at ιp” of the special point follows
from an intrinsic property of the integral canonical model (i.e., the extension property), rather than its
construction.

3.2. Construction of special Shimura data with prescribed F-isocrystals.

Theorem 3.2.1. Let (G, X) be a Shimura datum (not necessarily of Hodge type) such that GQp is
unramified and K p = GZp(Zp) a hyperspecial subgroup of G(Qp).

(1) For every [b] ∈ B(GQp , X), there exists a special Shimura subdatum (T, h : S→ TR) such that

νGQp
([b])=−

1
[F :Qp]

NmF/Qp(µh).

Here, the right-hand side is the image of the corresponding quasicocharacter under the canonical
map X∗(T )

GalQp
Q

=N (TQp)→N (GQp) and F ⊂Qp is the field of definition of µ ∈ X∗(TQp).

(2) If (G, X) is of Hodge type, for every [b] ∈ B(GQp , X), there exists a special Shimura subdatum (T, h)
such that for any g f ∈ G(A f ), the reduction (at ιp) of the special point [h, g f ]K p ∈ ShK p(G, X)(Q)
has the F-isocrystal equal to [b].

(3) Furthermore, we may find such a special Shimura subdatum (T, h) with the additional properties
that TQp is unramified and T (Zp)⊂ K p.

The additional properties in statement (3) specify the prime-to-p isogeny class of the reduction of a
special point defined by such (T, h), not just its Q-isogeny class; such finer information has an amusing
application (see Corollary 3.2.3).

Proof. (1) Our proof consists of two steps. Fix a rational prime l 6= p.
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Step 1. We claim that for an arbitrary maximal Qp-torus T ′ of GQp , there exist a maximal Q-torus T0

of G such that (T0)Qv
is elliptic in GQv

for v =∞, l and (T0)Qp = Int(gp)(T ′) for some gp ∈ G(Qp).
Then, for such T0, we will shortly find µ ∈ X∗(T0) satisfying the following conditions:

µ ∈ X∗(T0)∩ c(G, X) and νGQp
([b])=

1
[F :Qp]

NmF/Qp(µ). (3.2.1.1)

Here, in the equation on the right, F is any extension of Qp splitting (T0)Qp ; note that the quasicocharacter
itself remains the same if we take F to be a field of definition of µ.

First, to find a maximal Q-torus T0 of G with the required properties, we consider the following three
sets:

Xv = {x ∈ Gsc(Qv) | x is regular semisimple and CentG(x) is elliptic in GQv
}, (v =∞, l);

X p = {x ∈ Gsc(Qp) | x is regular semisimple and CentG(x)= Int(gp)(T ′) for some gp ∈ G(Qp)}.

These sets are all nonempty: for v =∞, this follows from Deligne’s condition on Shimura data [Deligne
1979, (2.1.1.2)], and for v= l, from [Platonov and Rapinchuk 1994, Theorem 6.21]. They are also open in
the real, l-adic, and p-adic topology, respectively: for two sufficiently close regular semisimple elements,
their centralizers are conjugated (cf. [Bültel 2001, proof of Lemma 3.1]). So, by the weak approximation
theorem, there exists an element x ∈ Gsc(Q) which lies in all of them. Its centralizer T0 := CentG(x) is
then the desired maximal torus.

Secondly, existence of a cocharacter µ ∈ X∗(T0) satisfying the conditions (3.2.1.1) is established in
Lemma 5.11 of [Langlands and Rapoport 1987]. (See [Lee 2016, Proposition 4.2.4] for another proof.)
We remark that this proof of Langlands–Rapoport uses, as the input condition, nonemptiness of the affine
Deligne–Lusztig variety X (c(G, X), b)K p attached to the tuple (GQp , c(G, X), K p, [b]):

X (c(G, X), b)K p := {gGZp(OL) ∈ G(L)/GZp(OL) | g−1bσ(g) ∈ GZp(OL)µ(p)GZp(OL)},

where µ is any morphism Gm,OL → GZp ⊗OL lying in c(G, X). But [Wintenberger 2005] shows that
[b] ∈ B(GQp , c(G, X)) implies such nonemptiness.

Step 2. Next, for any maximal Q-torus T0 of G, elliptic at R, and each cocharacter µ∈ X∗(T0)∩c(G, X),
we claim that there exists u ∈ G(Q) such that

(i) Int u : (T0)Q ↪→ GQ is defined over Q and the Q-torus T := Int u(T0) is elliptic in G over R,

(ii) Int u(µ) equals µ−1
h for some h ∈ Hom(S, TR)∩ X .1

Moreover, if (T0)Ql is elliptic in GQl for some l 6= p, there exist such u ∈ G(Q) and h ∈ X which satisfy,
in addition to these properties, that

(iii) there exists y ∈ G(Qp) such that (TQp , µ
−1
h )= Int y((T0)Qp , µ).

Our proof is an adaptation of the argument of [Langlands and Rapoport 1987, Lemma 5.12]. Let T sc
0 be

the inverse image of (T0∩Gder)0 under the canonical isogeny Gsc
→Gder, and pick any morphism h0 ∈ X

1Recall our convention that c(G, X) is the conjugacy class of cocharacters into GC containing µ−1
h for some h ∈ X .
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factoring through (T0)R, which exists since (T0)R is elliptic in GR and any two elliptic maximal tori in
any connected reductive real algebraic group H are conjugate under H(R). Choose w ∈ NG(T0)(C) such
that µ= w(µ−1

h0
); we may find such a w in NGsc(T sc

0 )(C) as the Weyl groups of G and Gsc are the same.
This gives us a cocycle α∞ ∈ Z1(Gal(C/R),Gsc(C)) defined by

α∞ι = w · ι(w
−1)

for all ι ∈ Gal(C/R). As a matter of fact, this has values in T sc
0 (C). Indeed, by [Shelstad 1979, Proposi-

tion 2.2], the automorphism Int(w−1) of (T sc
0 )C is defined over R, so

Int(w−1)(ι(t))= ι(Int(w−1)t)= Int(ι(w−1))(ι(t))

for all t ∈ T sc
0 (C), i.e., ι(w)w−1

∈ CentGsc(T sc
0 )(C) = T sc

0 (C), and so is wι(w−1) = ι(ι(w)w−1). Then,
by Lemma 7.16 of [Langlands 1983], there exists a global cocycle

α ∈ Z1(Q, T sc
0 )

mapping to α∞ ∈ H 1(R, T sc
0 ). When (T0)Ql is elliptic in GQl for some l 6= p, then the following lemma

ensures the existence of a cocycle α ∈ Z1(Q, T sc
0 ) mapping to α∞ ∈ H 1(R, T sc

0 ) and further to zero
in H 1(Qp, T sc

0 ). For a finitely generated abelian group A, let Ators be the subgroup of its torsion elements.

Lemma 3.2.2. (1) For a maximal Q-torus T of G which is elliptic at l 6= p, the natural map

(π1(T sc)0(l))tors→ (π1(T sc)0)tors

is surjective, where we write 0 = Gal(Q/Q) and 0(l)= Gal(Ql/Ql).

(2) There exists α ∈ Z1(Q, T sc
0 ) mapping to α∞ ∈ H 1(R, T sc

0 ) and to zero in H 1(Qp, T sc
0 ).

Proof of lemma. First, we recall some (standard) notations: for a torus T over a field F , T̂ denotes the
dual torus of T , and for an abelian topological group A, AD denotes its dual group Homcont(A,C×)

(group of continuous homomorphisms).

(1) Since this map is induced (by restriction) by the natural surjection π1(T sc)0(l)� π1(T sc)0 , it suffices
to prove that π1(T sc)0(l) is a torsion group. But, since T sc

Ql
is anisotropic, T̂ sc0(l) is a finite group, and

so is
π1(T sc)0(l) = X∗(T̂ sc0(l))= Hom(T̂ sc0(l),C×).

(2) For any place v of Q, there exists a canonical isomorphism

H 1(F, T sc) ∼→ Hom(π0(T̂ sc0(v)),C×)= ((T̂ sc0(v))D)tors ∼= (π1(T sc)0(v))tors

[Kottwitz 1984, (3.3.1); Rapoport and Richartz 1996, 1.14], and a short exact sequence

H 1(Q, T sc)→ H 1(Q, T sc(A)) :=
⊕
v

H 1(Qv, T sc)
θ
−→ π0(T̂ sc0)D

= (π1(T sc)0)tors
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[Kottwitz 1986, Proposition 2.6]. Here, θ is the composite⊕
v

H 1(Qv, T sc) ∼→
⊕
v

π0(T̂ sc0(v))D
→ π0(T̂ sc0)D,

of which the second map is identified with the natural map
⊕

v(π1(T sc)0(v))tors � (π1(T sc)0)tors (thus,
it equals the direct sum of the maps considered in the statement of (1)). Hence, by (1), there exists a
class αl

∈ H 1(Ql, T sc) such that θ(αl)=−θ(α∞), and thus the element (βv)v ∈ H 1(Q, T sc(A)) defined
by the condition that βv = αv for v =∞, l and βv = 0 for v 6= l,∞ in π0(T̂ sc0)D . By exactness of the
sequence, we conclude existence of α ∈ Z1(Q, T sc) whose cohomology class maps to (βv)v. �

Now, by changing α∞ and w further, we may assume that α∞ is the restriction of α to Gal(C/R).
Then, using the fact that the restriction map H 1(Q,Gsc)→ H 1(R,Gsc) is injective (which follows from
the Hasse principle [Platonov and Rapinchuk 1994, Theorem 6.6] and the fact that H 1(Qv,Gsc) = 0
for any nonarchimedean place v [Platonov and Rapinchuk 1994, Theorem 6.4]), we see that α becomes
trivial as a cocycle with values in Gsc(Q). We summarize this discussion in the diagram:

H 1(R, T sc
0 )

// H 1(R,Gsc) α∞
� // 0

H 1(Q, T sc
0 )

//

OO

H 1(Q,Gsc)
?�

OO

∃ α
_

OO

� // α′
_

OO

⇒ α′ = 0.

So there exists u ∈ Gsc(Q) such that for all ρ ∈ Gal(Q/Q),

αρ = u−1ρ(u).

Then the homomorphism Int u : (T0)Q→GQ : t 7→ t ′=utu−1 is defined over Q; in particular, T :=uT0u−1

is a torus defined over Q, and as the restriction of Int u to Z(G) is the identity, TR is also elliptic in GR.
Moreover, since u−1ι(u)= wι(w−1) for ι ∈ Gal(C/R), one has that uw ∈ Gsc(R) and

Int u(µ)= Int(uw)µ−1
h0
= µ−1

h

for h := Int(uw)(h0) ∈ X ∩Hom(S, T ). This establishes the claims (i) and (ii). The proof of claim (iii)
is similar. As the restriction of α to Gal(Qp/Qp) is trivial, there exists x ∈ T (Qp) such that xρ(x−1)=

αρ = u−1ρ(u) for all ρ ∈Gal(Qp/Qp), i.e., ux ∈ G(Qp). But the homomorphism Int u : (T0)Qp
→ GQp

also equals Int u = Int ux . This proves (iii).

Now we complete the proof of Theorem 3.2.1(1). Let [b] ∈ B(GQp , X). For the first statement, we
take an arbitrary maximal Q-torus T0 of G that is elliptic over R, and find a cocharacter µ of T0 having
the properties (3.2.1.1); we remark that Lemma 5.1 of [Langlands and Rapoport 1987], which was used
to find such a µ0, works for any maximal Qp-torus of GQp (in particular, for (T0)Qp ). From such a
pair (T0, µ), we get a special Shimura subdatum (T, h) with the properties (i) and (ii) of Step 2. This
special Shimura subdatum (T, h) satisfies the condition of the first statement, since Int(u) : T0→ T is
defined over Q (for u ∈ G(Q) as chosen in the proof) so that Int(u)(NmF/Qp(µ))= NmF/Qp(µ

−1
h ).
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(2) Note that the quasicocharacter − 1
[F :Qp]

NmF/Qp(µh) equals the image of −µh under the natural map
B(TQp)

∼= X∗(T )GalQp
→N (TQp)= X∗(T )GalQp

Q
: use the fact that there exists a commutative diagram

B(G)
νG //

κG

��

N (G)

δG
��

π1(G)GalF

αG // π1(G)
GalF
Q

(for any reductive group G over a p-adic field F). Here, the map αG in the bottom is given by

µ 7→ |GalF ·µ|
−1

∑
µ′∈GalF ·µ

µ′

(cf. [Kottwitz 1985, 2.8; Rapoport and Richartz 1996, Theorem 1.15]). Therefore, since the map
(ν, κ) : B(GQp)→N (GQp)×π1(G)GalQp

is injective [Kottwitz 1997, 4.13], the second statement follows
from the first statement and Lemma 3.1.1.

(3) Finally, for the existence of a special Shimura subdatum (T, h) with the additional property on the
position of the hyperspecial subgroup T (Zp), we begin with an unramified maximal Qp-torus T ′ of GQp

such that the unique hyperspecial subgroup T ′(Zp) of T ′(Qp) is contained in K p: such a torus exists by
Lemma 3.2.4 below. Then, from such T ′, we can find (by Step 1) a pair (T0, µ) having the properties
(3.2.1.1) of Step 1 and, further, such that (T0)Qv

is elliptic for v =∞, (some) l 6= p and also that the
unique hyperspecial subgroup of T0(Qp) is contained in Int(gp)(K p) for some gp ∈ G(Qp). For such
(T0, µ), again Step 2 produces a special Shimura datum (T1, h1) satisfying the properties (i)–(iii) of Step 2.
Now, since G(Q) is dense in G(Qp) [Milne 1994, Lemma 4.10], there exists g ∈ G(Q)∩ K p · g−1

p . Then
the new special Shimura datum (T, h) := Int(g)(T1, h1) still satisfies the condition in the first statement,
and further, the unique hyperspecial subgroup of T (Qp) is contained in K p. �

Corollary 3.2.3. Let (G, X) be a Shimura datum of Hodge type. Choose an embedding ιp :Q ↪→Qp and
let ℘ be the prime of E(G, X) induced by ιp. Suppose that GQp is unramified and choose a hyperspecial
subgroup K p of G(Qp). Then the reduction SK p(G, X)× κ(℘) has nonempty ordinary locus if and only
if ℘ has absolute height one (i.e., E(G, X)℘ =Qp). In this case, if GZp ↪→ GL(WZp) is an embedding of
Zp-group schemes (see [Kisin 2010, (2.3.1)]), there exists a special point which is the canonical lifting of
its reduction.

Recall from 2.2.1 that in the construction of the integral canonical model, an embedding G ↪→GSp(W,ψ)
is chosen so as to satisfy the condition in the corollary.

Proof. The necessity of E(G, X)℘ =Qp was proved in [Bültel 2001, Section 3]. For sufficiency, we note
that it suffices to find a special Shimura subdatum (T, h) such that

there exists a Borel subgroup B over Qp of GQp containing TQp and such that µh ∈ X∗(T ) lies
in the closed Weyl chamber determined by (TQp , B). (∗)



280 Dong Uk Lee

Indeed, then the canonical Galois action of GalQp on X∗(T ) coincides with the naive Galois action;
hence, one has that E(G, X)℘ = E(T, h)p, where p is the prime of E(T, h) induced by ιp. Given this,
the corollary then follows from [Bültel 2001, Lemma 2.2]: for a CM-abelian variety A over Q (⊂C) with
CM-type (F,8), where F is a CM-algebra and 8 is a subset of Hom(F,C) with 8t ι◦8=Hom(F,C),
the reduction of A at ιp :Q ↪→Qp is an ordinary abelian variety if and only if the prime of the reflex field
E = E(F,8) induced by ιp is of absolute height one; when A is defined by a special Shimura datum
(T, h), the reflex field E(F,8) equals the reflex field E(T, h) defined earlier.

Now, pick an arbitrary maximal Qp-torus T ′ of GQp containing a maximal Qp-split torus. As GQp is
quasisplit, there exists a Borel subgroup B ′ defined over Qp which contains T ′. Let µ′ be the cocharacter
in c(G, X) factoring through T ′ and lying in the closed Weyl chamber determined by (T ′, B ′). Let (T, h)
be a special Shimura subdatum produced from (T ′, µ′) as in the proof of Theorem 3.2.1 and such that
(TQp , µh) is conjugate to (T ′, µ′) under G(Qp). Then, for such (T, µh), the condition (∗) continues to
hold, which proves the claim.

For the second statement, there exists a special Shimura subdatum (T, h) as in the last statement of
Theorem 3.2.1. Then, as µh is a morphism of Zp-group schemes Gm→ GZp ↪→ GL(WZp), any special
point [h, 1×g p

f ] ∈ ShK p K p(G, X)(Q) (with arbitrary g p
f ∈G(Ap

f )) is the canonical lifting of its reduction,
according to [Milne 2006, Proposition 9.24]. �

Lemma 3.2.4. Let F be a p-adic field with ring of integers OF . For any reductive group scheme HOF over
OF , there exists a reductive OF -subgroup scheme SOF of HOF whose generic fiber is a maximal F-split
torus of H := HOF ⊗ F. Its centralizer T ′OF

:= CentHOF
(SOF ) is a smooth, closed subscheme of HOF .

Note that as H is quasisplit, the generic fiber T ′ of T ′OF
is a maximal F-torus of H .

Proof. Let B(H, F) denote the Bruhat–Tits building of H over F . Choose a maximal F-split F-torus S
of H such that the hyperspecial point x fixed by K p := HOF (OF ) is contained in the apartment associated
with S. Let SOF be the (unique) reductive OF -group scheme with generic fiber S. Then, SOF is a closed
subscheme of HOF . Indeed, we first observe that SOF (OL) maps to HOF (OL) under the embedding
S ↪→H , where L is the completion of the maximal unramified extension (in an algebraic closure F) of F
and OL is the ring of integers of L . This follows from these two facts: first, the hyperspecial point x of
B(H, F) is also a hyperspecial point of B(H, L) with the associated OL -group scheme being (HOF )OL

[Tits 1979, 3.4, 3.8], and secondly, for a maximal L-split torus S1 of H containing S and defined over F
(which exists by [Bruhat and Tits 1984, 5.1.12]), x ∈ B(H, L) lies in the apartment corresponding to S1

[Tits 1979, 1.10]. So, x is fixed under the maximal bounded subgroup S1(OL) of S1(L), and thus under
SOF (OL) as well. Then, according to [Vasiu 1999, 3.1.2.1], this implies that the F-embedding S ↪→H
extends to an OF -embedding SOF ↪→ HOF . The fact that T ′OF

:= CentHOF
(SOF ) is a smooth closed group

OF -subscheme of HOF is well-known [SGA 3 II 1970, XI, Corollaire 5.3; Conrad 2014, 2.2]. Moreover,
one knows that it represents the functor on OF -schemes

R′ 7→ {g ∈ H(R′) | g(SOF )R′g−1
= (SOF )R′},
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and its generic fiber T ′ := CentH (S) is a maximal torus of H which splits over L , since H is quasisplit
[Tits 1979, 1.10]. �

Remark 3.2.5. (1) In fact, for any special Shimura subdatum (T, h) with the property (∗) in the proof,
every special point of ShK p(G, X) defined by it has µ-ordinary reduction at ιp. So, we get a more
direct proof of nonemptiness of µ-ordinary locus (without invoking Lemma 5.11 of [Langlands and
Rapoport 1987] used in the proof of Theorem 3.2.1).

(2) This corollary was proved in the PEL-type cases of Lie type A or C by Wedhorn [1999]. His
argument was to first establish nonemptiness of the µ-ordinary locus, and then to check that the
µ-ordinary locus equals the (usual) ordinary locus when E(G, X)℘ =Qp (in the PEL-type cases
of Lie type A or C). But to check the second statement, he relied on a case-by-case analysis. In
contrast, we observe that in view of (1), the equality of the µ-ordinary Newton point and the ordinary
Newton point when E(G, X)℘ =Qp is simply a consequence of the existence of a special Shimura
subdatum (T, h) with the property (∗) in the proof (since the reduction of such a special point attains
simultaneously the two Newton points when E(G, X)℘ =Qp).

Acknowledgements

This work was supported by IBS-R003-D1. Also, parts of this research were conducted during the author’s
stay at PMI (Pohang Mathematics Institute), Postech, and ASARC (Algebraic Structures and Applications
Research Center), Kaist, with support from the National Research Foundation of Korea (NRF) funded by
the Korea government (MSIP) (No. 2011-0030749 and No. 2012-0000798). The author would also like
to thank the referees for careful reading of the manuscript and numerous helpful comments.

References

[Berthelot and Ogus 1983] P. Berthelot and A. Ogus, “F-isocrystals and de Rham cohomology, I”, Invent. Math. 72:2 (1983),
159–199. MR Zbl

[Blasius 1994] D. Blasius, “A p-adic property of Hodge classes on abelian varieties”, pp. 293–308 in Motives (Seattle, 1991),
edited by U. Jannsen et al., Proceedings of Symposia in Pure Math. 55, American Mathematical Society, Providence, RI, 1994.
MR Zbl

[Bruhat and Tits 1984] F. Bruhat and J. Tits, “Groupes réductifs sur un corps local, II: Schémas en groupes. Existence d’une
donnée radicielle valuée”, Inst. Hautes Études Sci. Publ. Math. 60 (1984), 5–184. MR Zbl

[Bültel 2001] O. Bültel, “Density of the ordinary locus”, Bull. London Math. Soc. 33:2 (2001), 149–156. MR Zbl

[Chai 2000] C.-L. Chai, “Newton polygons as lattice points”, Amer. J. Math. 122:5 (2000), 967–990. MR Zbl

[Chai et al. 2014] C.-L. Chai, B. Conrad, and F. Oort, Complex multiplication and lifting problems, Mathematical Surveys and
Monographs 195, American Mathematical Society, Providence, RI, 2014. MR Zbl

[Conrad 2014] B. Conrad, “Reductive group schemes”, pp. 93–444 in Autour des schémas en groupes (Luminy, 2011), vol. I,
Panoramas et Synthèses 42/43, Société Mathématique de France, Paris, 2014. MR Zbl

[Deligne 1979] P. Deligne, “Variétés de Shimura: interprétation modulaire, et techniques de construction de modèles canoniques”,
pp. 247–289 in Automorphic forms, representations and L-functions (Corvallis, OR, 1977), vol. 2, edited by A. Borel and W.
Casselman, Proceedings of Symposia in Pure Math. 33, American Mathematical Society, Providence, RI, 1979. MR Zbl

http://dx.doi.org/10.1007/BF01389319
http://msp.org/idx/mr/700767
http://msp.org/idx/zbl/0516.14017
http://msp.org/idx/mr/1265557
http://msp.org/idx/zbl/0821.14028
http://www.numdam.org/item?id=PMIHES_1984__60__5_0
http://www.numdam.org/item?id=PMIHES_1984__60__5_0
http://msp.org/idx/mr/756316
http://msp.org/idx/zbl/0597.14041
http://dx.doi.org/10.1112/blms/33.2.149
http://msp.org/idx/mr/1815418
http://msp.org/idx/zbl/1031.11037
http://muse.jhu.edu/journals/american_journal_of_mathematics/v122/122.5chai.pdf
http://msp.org/idx/mr/1781927
http://msp.org/idx/zbl/1057.11506
http://msp.org/idx/mr/3137398
http://msp.org/idx/zbl/1298.14001
http://math.stanford.edu/~conrad/papers/luminysga3smf.pdf
http://msp.org/idx/mr/3362641
http://msp.org/idx/zbl/1349.14151
http://msp.org/idx/mr/546620
http://msp.org/idx/zbl/0437.14012


282 Dong Uk Lee

[Deligne et al. 1982] P. Deligne, J. S. Milne, A. Ogus, and K.-Y. Shih, Hodge cycles, motives, and Shimura varieties, Lecture
Notes in Math. 900, Springer, 1982. MR Zbl

[Faltings 1989] G. Faltings, “Crystalline cohomology and p-adic Galois-representations”, pp. 25–80 in Algebraic analysis,
geometry, and number theory (Baltimore, 1988), edited by J.-I. Igusa, Johns Hopkins University Press, 1989. MR Zbl

[Fargues 2004] L. Fargues, “Cohomologie des espaces de modules de groupes p-divisibles et correspondances de Langlands
locales”, pp. 1–199 in Variétés de Shimura, espaces de Rapoport–Zink et correspondances de Langlands locales, Astérisque
291, Société Mathématique de France, Paris, 2004. MR Zbl

[Fontaine and Messing 1987] J.-M. Fontaine and W. Messing, “p-adic periods and p-adic étale cohomology”, pp. 179–207
in Current trends in arithmetical algebraic geometry (Arcata, CA, 1985), edited by K. A. Ribet, Contemporary Math. 67,
American Mathematical Society, Providence, RI, 1987. MR Zbl

[Hamacher 2015] P. Hamacher, “The geometry of Newton strata in the reduction modulo p of Shimura varieties of PEL type”,
Duke Math. J. 164:15 (2015), 2809–2895. MR Zbl

[Hamacher 2017] P. Hamacher, “The almost product structure of Newton strata in the Deformation space of a Barsotti–Tate
group with crystalline Tate tensors”, Math. Z. 287:3-4 (2017), 1255–1277. MR

[Kisin 2010] M. Kisin, “Integral models for Shimura varieties of abelian type”, J. Amer. Math. Soc. 23:4 (2010), 967–1012. MR
Zbl

[Kisin 2017] M. Kisin, “mod p points on Shimura varieties of abelian type”, J. Amer. Math. Soc. 30:3 (2017), 819–914. MR Zbl

[Koskivirta 2016] J.-S. Koskivirta, “Canonical sections of the Hodge bundle over Ekedahl–Oort strata of Shimura varieties of
Hodge type”, J. Algebra 449 (2016), 446–459. MR Zbl

[Kottwitz 1984] R. E. Kottwitz, “Stable trace formula: cuspidal tempered terms”, Duke Math. J. 51:3 (1984), 611–650. MR Zbl

[Kottwitz 1985] R. E. Kottwitz, “Isocrystals with additional structure”, Compositio Math. 56:2 (1985), 201–220. MR Zbl

[Kottwitz 1986] R. E. Kottwitz, “Stable trace formula: elliptic singular terms”, Math. Ann. 275:3 (1986), 365–399. MR Zbl

[Kottwitz 1990] R. E. Kottwitz, “Shimura varieties and λ-adic representations”, pp. 161–209 in Automorphic forms, Shimura
varieties, and L-functions (Ann Arbor, MI, 1988), vol. I, edited by L. Clozel and J. S. Milne, Perspectives in Math. 10, Academic
Press, Boston, 1990. MR Zbl

[Kottwitz 1992] R. E. Kottwitz, “Points on some Shimura varieties over finite fields”, J. Amer. Math. Soc. 5:2 (1992), 373–444.
MR Zbl

[Kottwitz 1997] R. E. Kottwitz, “Isocrystals with additional structure, II”, Compositio Math. 109:3 (1997), 255–339. MR Zbl

[Kret 2012] A. Kret, “The trace formula and the existence of PEL type Abelian varieties modulo p”, preprint, 2012. arXiv

[Langlands 1983] R. P. Langlands, Les débuts d’une formule des traces stable, Publ. Math. 13, Université de Paris VII, U.E.R.
de Mathématiques, 1983. MR Zbl

[Langlands and Rapoport 1987] R. P. Langlands and M. Rapoport, “Shimuravarietäten und Gerben”, J. Reine Angew. Math. 378
(1987), 113–220. MR Zbl

[Lee 2016] D. U. Lee, “Non-emptiness of Newton strata of Shimura varieties of Hodge type”, preprint, 2016. arXiv

[Milne 1994] J. S. Milne, “Shimura varieties and motives”, pp. 447–523 in Motives (Seattle, 1991), edited by U. Jannsen et al.,
Proceedings of Symposia in Pure Math. 55, American Mathematical Society, Providence, RI, 1994. MR Zbl

[Milne 2006] J. S. Milne, “Complex multiplication”, course notes, 2006, http://www.jmilne.org/math/CourseNotes/CM.pdf.

[Moonen 1998] B. Moonen, “Models of Shimura varieties in mixed characteristics”, pp. 267–350 in Galois representations in
arithmetic algebraic geometry (Durham, 1996), edited by A. J. Scholl and R. L. Taylor, London Math. Society Lecture Note
Series 254, Cambridge University Press, 1998. MR Zbl

[Oort 2001] F. Oort, “Newton polygon strata in the moduli space of abelian varieties”, pp. 417–440 in Moduli of abelian varieties
(Texel Island, Netherlands, 1999), edited by C. Faber et al., Progress in Math. 195, Birkhäuser, Basel, 2001. MR Zbl

[Oort 2013] F. Oort, “Moduli of abelian varieties in mixed and in positive characteristic”, pp. 75–134 in Handbook of moduli,
vol. III, edited by G. Farkas and I. Morrison, Advanced Lectures in Math. 26, International Press, Somerville, MA, 2013. MR
Zbl

http://msp.org/idx/mr/654325
http://msp.org/idx/zbl/0465.00010
http://msp.org/idx/mr/1463696
http://msp.org/idx/zbl/0805.14008
http://msp.org/idx/mr/2074714
http://msp.org/idx/zbl/1196.11087
http://dx.doi.org/10.1090/conm/067/902593
http://msp.org/idx/mr/902593
http://msp.org/idx/zbl/0632.14016
http://dx.doi.org/10.1215/00127094-3328137
http://msp.org/idx/mr/3430453
http://msp.org/idx/zbl/1335.14008
http://dx.doi.org/10.1007/s00209-017-1867-2
http://dx.doi.org/10.1007/s00209-017-1867-2
http://msp.org/idx/mr/3719535
http://dx.doi.org/10.1090/S0894-0347-10-00667-3
http://msp.org/idx/mr/2669706
http://msp.org/idx/zbl/1280.11033
http://dx.doi.org/10.1090/jams/867
http://msp.org/idx/mr/3630089
http://msp.org/idx/zbl/06699460
http://dx.doi.org/10.1016/j.jalgebra.2015.11.030
http://dx.doi.org/10.1016/j.jalgebra.2015.11.030
http://msp.org/idx/mr/3448181
http://msp.org/idx/zbl/1349.14105
http://dx.doi.org/10.1215/S0012-7094-84-05129-9
http://msp.org/idx/mr/757954
http://msp.org/idx/zbl/0576.22020
http://www.numdam.org/item?id=CM_1985__56_2_201_0
http://msp.org/idx/mr/809866
http://msp.org/idx/zbl/0597.20038
http://dx.doi.org/10.1007/BF01458611
http://msp.org/idx/mr/858284
http://msp.org/idx/zbl/0577.10028
http://msp.org/idx/mr/1044820
http://msp.org/idx/zbl/0743.14019
http://dx.doi.org/10.2307/2152772
http://msp.org/idx/mr/1124982
http://msp.org/idx/zbl/0796.14014
http://dx.doi.org/10.1023/A:1000102604688
http://msp.org/idx/mr/1485921
http://msp.org/idx/zbl/0966.20022
http://msp.org/idx/arx/1209.0264
http://msp.org/idx/mr/697567
http://msp.org/idx/zbl/0532.22017
http://msp.org/idx/mr/895287
http://msp.org/idx/zbl/0615.14014
http://msp.org/idx/arx/1603.04563v1
http://msp.org/idx/mr/1265562
http://msp.org/idx/zbl/0816.14022
http://www.jmilne.org/math/CourseNotes/CM.pdf
http://dx.doi.org/10.1017/CBO9780511662010.008
http://msp.org/idx/mr/1696489
http://msp.org/idx/zbl/0962.14017
http://dx.doi.org/10.1007/978-3-0348-8303-0_14
http://msp.org/idx/mr/1827028
http://msp.org/idx/zbl/1086.14037
http://msp.org/idx/mr/3135436
http://msp.org/idx/zbl/1322.14066


Nonemptiness of Newton strata of Shimura varieties of Hodge type 283

[Platonov and Rapinchuk 1994] V. Platonov and A. Rapinchuk, Algebraic groups and number theory, Pure and Applied
Mathematics 139, Academic Press, Boston, 1994. MR Zbl

[Rapoport 2003] M. Rapoport, “On the Newton stratification”, exposé 903, pp. 207–224 in Séminaire Bourbaki, 2001/2002,
Astérisque 290, Société Mathématique de France, Paris, 2003. MR Zbl

[Rapoport 2005] M. Rapoport, “A guide to the reduction modulo p of Shimura varieties”, pp. 271–318 in Formes automorphes,
I, Astérisque 298, Société Mathématique de France, Paris, 2005. MR Zbl

[Rapoport and Richartz 1996] M. Rapoport and M. Richartz, “On the classification and specialization of F-isocrystals with
additional structure”, Compositio Math. 103:2 (1996), 153–181. MR Zbl

[Scholze and Shin 2013] P. Scholze and S. W. Shin, “On the cohomology of compact unitary group Shimura varieties at ramified
split places”, J. Amer. Math. Soc. 26:1 (2013), 261–294. MR Zbl

[SGA 3 II 1970] M. Demazure and A. Grothendieck, Schémas en groupes, Tome II: Groupes de type multiplicatif, et structure des
schémas en groupes généraux, Exposés VIII–XVIII (Séminaire de Géométrie Algébrique du Bois Marie 1962–1964), Lecture
Notes in Math. 152, Springer, 1970. MR Zbl

[Shelstad 1979] D. Shelstad, “Characters and inner forms of a quasi-split group over R”, Compositio Math. 39:1 (1979), 11–45.
MR Zbl

[Tits 1979] J. Tits, “Reductive groups over local fields”, pp. 29–69 in Automorphic forms, representations and L-functions
(Corvallis, OR, 1977), vol. 1, edited by A. Borel and W. Casselman, Proceedings of Symposia in Pure Math. 33, American
Mathematical Society, Providence, RI, 1979. MR Zbl

[Vasiu 1999] A. Vasiu, “Integral canonical models of Shimura varieties of preabelian type”, Asian J. Math. 3:2 (1999), 401–518.
MR Zbl

[Vasiu 2007a] A. Vasiu, “Good reductions of Shimura varieties of Hodge type in arbitrary unramified mixed characteristic, I”,
preprint, 2007. arXiv

[Vasiu 2007b] A. Vasiu, “Good reductions of Shimura varieties of Hodge type in arbitrary unramified mixed characteristic, II”,
preprint, 2007. arXiv

[Vasiu 2008] A. Vasiu, “Geometry of Shimura varieties of Hodge type over finite fields”, pp. 197–243 in Higher-dimensional
geometry over finite fields, edited by D. Kaledin and Y. Tschinkel, NATO Sci. Peace Secur. Ser. D Inf. Commun. Secur. 16, IOS,
Amsterdam, 2008. MR Zbl

[Vasiu 2011] A. Vasiu, “Manin problems for Shimura varieties of Hodge type”, J. Ramanujan Math. Soc. 26:1 (2011), 31–84.
MR Zbl

[Viehmann 2015] E. Viehmann, “On the geometry of the Newton stratification”, preprint, 2015. arXiv

[Viehmann and Wedhorn 2013] E. Viehmann and T. Wedhorn, “Ekedahl–Oort and Newton strata for Shimura varieties of PEL
type”, Math. Ann. 356:4 (2013), 1493–1550. MR Zbl

[Voskresenskiı̆ 1998] V. E. Voskresenskiı̆, Algebraic groups and their birational invariants, Translations of Mathematical
Monographs 179, American Mathematical Society, Providence, RI, 1998. MR Zbl

[Wedhorn 1999] T. Wedhorn, “Ordinariness in good reductions of Shimura varieties of PEL-type”, Ann. Sci. École Norm. Sup.
(4) 32:5 (1999), 575–618. MR Zbl

[Wintenberger 2005] J.-P. Wintenberger, “Existence de F-cristaux avec structures supplémentaires”, Adv. Math. 190:1 (2005),
196–224. MR Zbl

[Wortmann 2013] D. Wortmann, “The µ-ordinary locus for Shimura varieties of Hodge type”, preprint, 2013. arXiv

[Yu 2005] C.-F. Yu, “On the slope stratification of certain Shimura varieties”, Math. Z. 251:4 (2005), 859–873. MR Zbl

Communicated by Brian Conrad
Received 2015-08-30 Revised 2017-05-07 Accepted 2017-10-23

machhama@gmail.com Seoul, South Korea

mathematical sciences publishers msp

http://msp.org/idx/mr/1278263
http://msp.org/idx/zbl/0841.20046
http://msp.org/idx/mr/2074057
http://msp.org/idx/zbl/1159.14304
http://msp.org/idx/mr/2141705
http://msp.org/idx/zbl/1084.11029
http://www.numdam.org/item?id=CM_1996__103_2_153_0
http://www.numdam.org/item?id=CM_1996__103_2_153_0
http://msp.org/idx/mr/1411570
http://msp.org/idx/zbl/0874.14008
http://dx.doi.org/10.1090/S0894-0347-2012-00752-8
http://dx.doi.org/10.1090/S0894-0347-2012-00752-8
http://msp.org/idx/mr/2983012
http://msp.org/idx/zbl/06168123
http://www.msri.org/publications/books/sga/sga/pdf/sga3-2.pdf
http://www.msri.org/publications/books/sga/sga/pdf/sga3-2.pdf
http://msp.org/idx/mr/0274459
http://msp.org/idx/zbl/0209.24201
http://www.numdam.org/item?id=CM_1979__39_1_11_0
http://msp.org/idx/mr/539000
http://msp.org/idx/zbl/0431.22011
http://msp.org/idx/mr/546588
http://msp.org/idx/zbl/0415.20035
http://dx.doi.org/10.4310/AJM.1999.v3.n2.a8
http://msp.org/idx/mr/1796512
http://msp.org/idx/zbl/1002.11052
http://msp.org/idx/arx/0707.1668
http://msp.org/idx/arx/0712.1572
http://msp.org/idx/mr/2484081
http://msp.org/idx/zbl/1182.14018
http://msp.org/idx/mr/2789744
http://msp.org/idx/zbl/1228.11088
http://msp.org/idx/arx/1511.03156
http://dx.doi.org/10.1007/s00208-012-0892-z
http://dx.doi.org/10.1007/s00208-012-0892-z
http://msp.org/idx/mr/3072810
http://msp.org/idx/zbl/1314.14047
http://msp.org/idx/mr/1634406
http://msp.org/idx/zbl/0974.14034
http://dx.doi.org/10.1016/S0012-9593(01)80001-X
http://msp.org/idx/mr/1710754
http://msp.org/idx/zbl/0983.14024
http://dx.doi.org/10.1016/j.aim.2003.12.006
http://msp.org/idx/mr/2104909
http://msp.org/idx/zbl/1104.14013
http://msp.org/idx/arx/1310.6444
http://dx.doi.org/10.1007/s00209-005-0835-4
http://msp.org/idx/mr/2190147
http://msp.org/idx/zbl/1131.14025
mailto:machhama@gmail.com
http://msp.org


Algebra & Number Theory
msp.org/ant

EDITORS

MANAGING EDITOR

Bjorn Poonen
Massachusetts Institute of Technology

Cambridge, USA

EDITORIAL BOARD CHAIR

David Eisenbud
University of California

Berkeley, USA

BOARD OF EDITORS

Richard E. Borcherds University of California, Berkeley, USA

J-L. Colliot-Thélène CNRS, Université Paris-Sud, France

Brian D. Conrad Stanford University, USA

Samit Dasgupta University of California, Santa Cruz, USA

Hélène Esnault Freie Universität Berlin, Germany

Gavril Farkas Humboldt Universität zu Berlin, Germany

Hubert Flenner Ruhr-Universität, Germany

Sergey Fomin University of Michigan, USA

Edward Frenkel University of California, Berkeley, USA

Andrew Granville Université de Montréal, Canada

Joseph Gubeladze San Francisco State University, USA

Roger Heath-Brown Oxford University, UK

Craig Huneke University of Virginia, USA

Kiran S. Kedlaya Univ. of California, San Diego, USA

János Kollár Princeton University, USA

Yuri Manin Northwestern University, USA

Philippe Michel École Polytechnique Fédérale de Lausanne

Susan Montgomery University of Southern California, USA

Shigefumi Mori RIMS, Kyoto University, Japan

Martin Olsson University of California, Berkeley, USA

Raman Parimala Emory University, USA

Jonathan Pila University of Oxford, UK

Anand Pillay University of Notre Dame, USA

Michael Rapoport Universität Bonn, Germany

Victor Reiner University of Minnesota, USA

Peter Sarnak Princeton University, USA

Joseph H. Silverman Brown University, USA

Michael Singer North Carolina State University, USA

Christopher Skinner Princeton University, USA

Vasudevan Srinivas Tata Inst. of Fund. Research, India

J. Toby Stafford University of Michigan, USA

Pham Huu Tiep University of Arizona, USA

Ravi Vakil Stanford University, USA

Michel van den Bergh Hasselt University, Belgium

Marie-France Vignéras Université Paris VII, France

Kei-Ichi Watanabe Nihon University, Japan

Shou-Wu Zhang Princeton University, USA

PRODUCTION
production@msp.org

Silvio Levy, Scientific Editor

See inside back cover or msp.org/ant for submission instructions.

The subscription price for 2018 is US $340/year for the electronic version, and $535/year (+$55, if shipping outside the US) for print and electronic.
Subscriptions, requests for back issues and changes of subscriber address should be sent to MSP.

Algebra & Number Theory (ISSN 1944-7833 electronic, 1937-0652 printed) at Mathematical Sciences Publishers, 798 Evans Hall #3840, c/o Uni-
versity of California, Berkeley, CA 94720-3840 is published continuously online. Periodical rate postage paid at Berkeley, CA 94704, and additional
mailing offices.

ANT peer review and production are managed by EditFLOW® from MSP.

PUBLISHED BY

mathematical sciences publishers
nonprofit scientific publishing

http://msp.org/
© 2018 Mathematical Sciences Publishers

http://dx.doi.org/10.2140/ant
mailto:production@msp.org
http://dx.doi.org/10.2140/ant
http://msp.org/
http://msp.org/


Algebra & Number Theory
Volume 12 No. 2 2018

227Proper Ga-actions on C4 preserving a coordinate
SHULIM KALIMAN

259Nonemptiness of Newton strata of Shimura varieties of Hodge type
DONG UK LEE

285Towards Boij–Söderberg theory for Grassmannians: the case of square matrices
NICOLAS FORD, JAKE LEVINSON and STEVEN V SAM

305Chebyshev’s bias for products of k primes
XIANCHANG MENG

343D-groups and the Dixmier–Moeglin equivalence
JASON BELL, OMAR LEÓN SÁNCHEZ and RAHIM MOOSA

379Closures in varieties of representations and irreducible components
KENNETH R. GOODEARL and BIRGE HUISGEN-ZIMMERMANN

411Sparsity of p-divisible unramified liftings for subvarieties of abelian varieties with trivial stabilizer
DANNY SCARPONI

429On a conjecture of Kato and Kuzumaki
DIEGO IZQUIERDO

455Height bounds and the Siegel property
MARTIN ORR

479Quadric surface bundles over surfaces and stable rationality
STEFAN SCHREIEDER

491Correction to the article Finite generation of the cohomology of some skew group algebras
VAN C. NGUYEN and SARAH WITHERSPOON

A
lgebra

&
N

um
ber

Theory
2018

Vol.12,
N

o.2

http://dx.doi.org/10.2140/ant.2018.12.227
http://dx.doi.org/10.2140/ant.2018.12.259
http://dx.doi.org/10.2140/ant.2018.12.285
http://dx.doi.org/10.2140/ant.2018.12.305
http://dx.doi.org/10.2140/ant.2018.12.343
http://dx.doi.org/10.2140/ant.2018.12.379
http://dx.doi.org/10.2140/ant.2018.12.411
http://dx.doi.org/10.2140/ant.2018.12.429
http://dx.doi.org/10.2140/ant.2018.12.455
http://dx.doi.org/10.2140/ant.2018.12.479
http://dx.doi.org/10.2140/ant.2018.12.491

	1. Introduction
	2. Newton stratification on good reduction of Shimura varieties
	2.1. G-isocrystals and the set B(G,C)
	2.1.1. 
	2.1.2. 
	2.1.3. 
	2.1.4. 

	2.2. Integral canonical model and Newton stratification
	2.2.1. 
	2.2.3. 
	2.2.4. 
	2.2.6. 


	3. Proof of nonemptiness of Newton strata
	3.1. GQp``-isocrystal attached to special points
	3.2. Construction of special Shimura data with prescribed F-isocrystals

	Acknowledgements
	References
	
	

