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1. Introduction

This paper is a sequel to [19] and thus its main goal is to prove the existence of
integral canonical models in unramified mixed characteristic (0, 2) of hermitian orthogonal
Shimura varieties of PEL type. We begin with a review on Shimura varieties of Hodge in
the form needed in the paper. Let S := Resc/rGm,c be the unique two dimensional torus
over R with the property that S(R) is the (multiplicative) group Gy, c(C) of non-zero
complex numbers. A Shimura pair (G, X) consists of a reductive group G over Q and a
G(R)-conjugacy class X of homomorphisms S — Ggr that satisfy Deligne’s axioms of [4,
Subsubsect. 2.1.1]: (i) the Hodge Q-structure on the Lie algebra Lie(G) of G defined by
each element h € X is of type {(—1,1),(0,0),(1,—1)}, (ii) no simple factor of the adjoint
group G of G becomes compact over R, and (iii) (Ad o h)(R)(4) is a Cartan involution
of Lie(G%!) in the sense of [8, Ch. III, Sect. 7]. Here Ad : Gr — GLyc(ga) is the adjoint
representation. The axioms imply that X has a natural structure of a hermitian symmetric
domain, cf. [4, Cor. 1.1.17].

The most studied Shimura pairs are of the form (GSp(W,),S), where (W, %) is a
symplectic space over Q and where S is the set of all R-monomorphisms S < GSp(W, ¥)r
that define Hodge Q-structures on W of type {(—1,0), (0, —1)} and that have either 27t
or —2mit as polarizations. We assume that the Shimura pair (G, X) is of Hodge type which
means that there exists an injective map

f:(G,X) = (GSp(W,¢),S)

of Shimura pairs (see [3], [4], [10, Ch. 1], [11], and [17, Subsect. 2.4]). To (G, X’) one
associates a complex Shimura variety Sh(G, X')¢ (see [3] and [4]), a number field E(G, X
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called the reflex field (see [3], [4], and [10]), as well as a canonical model Sh(G, X) of the
complex Shimura variety Sh(G, X)c over E(G, X) (see [14] and [3]).

Let Z(y) be the localization of Z at the prime ideal (2). Let L be a Z-lattice of W
such that ¢ induces a perfect form ¢ : L ®z L — Z i.e., the induced monomorphism
L — LY := Hom(L,Z) is onto. Let L2y := L ®z Z(3). Let Gz, be the schematic closure
of G in the reductive group scheme GSp(L 2, %) over Zy. Let Ky := GSp(L(2),v¥)(Z2)
and H2 = G(Qg) N K2 = Gz(2)<22). Let

B :={b € End(L(y))|b is fixed by Gz, }.

Let G be the subgroup of GSp(W, ) that fixes all elements of B[%]

Let Z be the involution of the semisimple Z,)-algebra End(Ly)) defined by the
identity (b(l1),l2) = ¥(l1,Z(b)(l2)), where b € End(L)) and Iy, lo € L. As
B = B[i] N End(L()), we have Z(B) = B. As the elements of X fix B ®z.,, R, the
involution Z of B is positive (in the sense of [9, Sect. 2]).

Let F be an algebraic closure of the field Fy with two elements. Let W(F) be the
ring of 2-typical Witt vectors with coefficients in F. Let A; := Z ®z Q be the ring of
finite adeles. Let A;Q) be the ring of finite adeles with the 2-component omitted; we have

Ar=Qyx ASCQ). Let v be a prime of E(G, X)) that divides 2. Let O, be the localization
of the ring of integers of F(G, X') at the prime v.

1.1. Shimura pairs of PEL type. In all that follows we will assume that the following
four properties (axioms) hold:

(i) the W (F)-algebra B ®z,, W(F) is a product of matrix W (F)-algebras;

(ii) the Q-algebra B[] is Q-simple;

(iii) the group G is the identity component of G;

(iv) the flat, affine group scheme Gz, over Zy) is reductive (i.e., it is smooth and

its special fibre is connected and has a trivial unipotent radical).

Property (ii) is not truly required: it is inserted only to ease the presentation. One
can check that in fact (iv) implies (i). Property (iv) also implies that Hs is a hyperspecial
subgroup of G(Q2) = Gq,(Q2) (cf. [16, Subsubsect. 3.8.1]) and that the prime v is
unramified over 2 (cf. [11, Cor. 4.7 (a)]). Let G be the derived group of G. In order
to avoid trivial cases we will assume that G is not a torus (equivalently, that G is non-
trivial). Due to properties (ii) and (iii) and this assumption, there exist three possible
cases (see [9, Sect. 7]):

(A) the group G‘éer is a product of SL,, groups with n > 2 and, in the case n = 2,
the center of G has dimension at least 2;

(C) the group G%er is a product of Sp,,, groups with n > 1 and, in the case n =1,
the center of G has dimension 1;

(D) the group G&* is a product of SOs,, groups with n > 2.
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We have G # G if and only if we are in the case (D) i.e., if and only if G4 is
not simply connected (cf. [9, Sect. 7]). We recall that PEL stands for polarization,
endomorphisms, and level structures and that the first two of these notions refer to the
fact that the axiom (iii) holds. In the case (D), one often says that Sh(G, X) is a hermitian
orthogonal Shimura variety of PEL type (cf. the description of the intersection group
Gr N Sp(W ®q R, ¢) in [14, Subsects. 2.6 and 2.7]). We are in the case (D) if and only
if B®z, R is a product of matrix algebras over the quaternion R-algebra H (see [14,
Subsect. 2.1, (type III)]).

In cases (A) and (C), Gz, is the subgroup scheme of GSp(Ls), ) that fixes B. But
in the case (D) one encounters the following problem: the subgroup scheme of GSp(L 2, )
that fixes B is not smooth and its identity component is not Gz, (see [19, Subsubsect.
3.5.1 and Remark 3.5.5]). In all that follows we will also assume that:

(v) we are in the case (D).

We refer to each quadruple (f, L, v, B) that satisfies properties (i) to (v) as a hermitian
orthogonal standard PEL situation in mixed characteristic (0, 2).
Let M be the Z4)-scheme which parameterizes isomorphism classes of principally po-

larized abelian schemes that are of relative dimension SRe) ouer Z5)-schemes and

that are equipped with compatible level-I symplectic similitude structures for all odd
numbers [ € N, cf. [12, Thms. 7.9 and 7.10]. We have a natural identification

Sh(GSp(W, %), S)p(c,x)/ K2 = Mpg,x) as well as an action of GSp(W, ¢)(A§£2)) on
M. These symplectic similitude structures and this action are defined naturally via (L, 1))
(see [3, Example 4.16], [11, Sect. 3], and [17, Subsect. 4.1]).

It is well known that we have an identity Sh(G, X)c/Hz = Gz, (Z2))\[X X G(A?))]
and that to the injective map f one associates a natural E(G, X')-morphism

Sh(G, X)/Hz — Sh(GSp(W,v), S)p(a,x)/ K2 = MEg@,x)

which is a closed embedding (for instance, see [19, Subsect. 1.3]). Let N be the schematic
closure of Sh(G, X)/H; in Mo,,,. Let N be the normalization of V.

Our goal is to prove the following two theorems.

1.2. Basic Theorem. Let (f, L,v, B) be a hermitian orthogonal standard PEL situation in
mized characteristic (0,2). Then there exists an embedding f:(G,x)— (GSp(W,1),S)
of Shzmum pairs and a Z-lattice L of W such that f factors through an injective map
(@, X)) — (GSp(W,4),S) in such a way that by defining L(g) = L ®g Zy) the
followmg three properties hold:

(i) the schematic closure of G in GL; , is Gz, and the schematic closure G/z(z) of
G’ in GL; , U5 a reductive group scheme over Zyy whose extension (pull-back) to Zy is a
split GSOgy,q group scheme for some g € N;

(ii) if B = {b € End(f/(g))|b is fixed by Gz}, v is the prime of E(G', ")
divided by v (under the natural embedding E(G',X') — E(G,X)), and B = {b €

3



End(i(g))|b is fixed by G’Z(z)}, then both quadruples (f,L,v,B) and (f',L,v',B') are her-
mitian orthogonal standard PEL situations in mized characteristic (0,2);

(iii) the identity component of the subgroup scheme of G’Z(Z) that fizes B is Gz, -

We refer to the quadruple (f, f’, L, v) as a hermitian orthogonal relative PEL situation
(it is similar to —though different from— the relative PEL situations of [17, Subsubsect.
4.3.16 and Sect. 6]). Property (iii) is the key new ingredient that will allow us to go
around the problem mentioned in Subsection 1.1 (i.e., to prove that the O(,)-scheme N
is regular and formally smooth) as follows. If Gz, is a split GSOs,, group scheme, then
the O(,)-scheme N is regular and formally smooth and thus we have N' = N (cf. [19,
Thm. 1.4 (b)]). By combining this result with the Basic Theorem we prove that:

1.3. Main Theorem. Let (f, L,v,B) be a hermitian orthogonal standard PEL situation
in mized characteristic (0,2). Then the O, -scheme N™ (obtained as in Subsection 1.1)
1s reqular and formally smooth.

The locally compact, totally disconnected topological group G (Agcz)) acts on N con-
tinuously in the sense of [4, Subsubsect. 2.7.1]. Thus '™ is an integral canonical model of
Sh(G, X')/H; over O(,) in the sense of [17, Def. 3.2.3 6)], cf. [17, Example 3.2.9 and Cor.
3.4.4]. Due to [20, Cor. 30], N™ is the unique integral canonical model of Sh(G, X)/H,
over O,) and thus as in [17, Rmks. 3.2.4 and 3.2.7 4’)] one argues that N™ is the final
object of the category of smooth integral models of Sh(G, X')/Hz over O(,); here the word
smooth is used as in [10, Def. 2.2].

In Section 2 we present tools that pertain to group schemes and that are needed to
prove the Basic Theorem in Section 3. In Section 4 we recall few basic crystalline properties
from [19]. In Section 5 we prove the Main Theorem.

2. Group schemes

Let n € N. Let Spec S be an affine scheme. We recall that a reductive group scheme
R over S is a smooth, affine group scheme over S whose fibres are connected and have
trivial unipotent radicals. Let R®*? and R4°" be the adjoint and the derived (respectively)
group schemes of R, cf. [6, Vol. III, Exp. XXII, Def. 4.3.6 and Thm. 6.2.1]. Let
Lie(U) be the Lie algebra of a smooth, closed subgroup scheme U of R. For an affine
morphism SpecS; — Spec S and for Z (or Zg or Z,) an S-scheme, let Zg, (or Zg, or
Zy.5,) be Z Xgpecs SpecSy. If S < S is a finite, étale Z-monomorphism, let ReSS/g be

the operation of Weil restriction from S to S (see [1, Ch. 7, Sect. 7.6]). Thus Resg R
is a reductive group scheme over S such that for each S-scheme Y we have a functorial
group identification Resg s R(Y) = R(Y Xg .. 5 SpecS).

If M is a free S-module of finite rank, let MV := Homg(M,S), let GLy be
the reductive group scheme over S of linear automorphisms of M, and let 7T(M) :=
®s tenuforM®® ®@g MY®'. Each S-linear isomorphism ¢ : M=M of free S-modules
of finite rank, extends naturally to an S-linear isomorphism (to be denoted also by)
v T(M)=T (M) and therefore we will speak about ¢ taking some tensor of T (M) to
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some tensor of T(M) We identify Endg(M) = M ®s M. A bilinear form \y; on a free
S-module M of finite rank is called perfect if it induces an S-linear isomorphism M =M V.
If \ps is perfect and alternating, we call the pair (M, Ays) a symplectic space over S and we
define Sp(M, \yr) := GSp(M, A\pr)9*. We often use the same notation for two elements
of some modules (like involutions, endomorphisms, bilinear forms, etc.) that are obtained
one from another via extensions of scalars and restrictions. If F (or E,) is a number field,
let Eoy (or E, (2)) be the normalization of Z(yy in E (or E.).

The reductive group schemes Spy,, ¢, GLy s, etc., are over S. The Lie groups U(n),
Sp(n,R), SL(n,C), SO*(2n), etc., are as in [8, Ch. X, Sect. 2, 1] (but using boldfaced
capital letters). Let SO3, ¢, GSO3, g, and O3, ¢ be the split SOy, GSOy,, and Oy,

(respectively) reductive group schemes over S. We recall that GSO;’,% g is the quotient of
SO;n’ s X5 G5 by a py g subgroup scheme that is embedded diagonally.

In Subsection 2.1 we review some general facts on SO;n,z@)- In Subsection 2.2 we
study hermitian twists of split SO group schemes and the Lie groups associated to them.

2.1. Split SO,,, group schemes. We consider the quadratic form
Qn(l') (= x1T2 + -+ + T2p_1T2, defined for z = (1’1, s 73:2”) €Ly = Z%;L)

For a € Z3) and z € £, we have Q,(az) = o®Q,(x). Let D,, be the subgroup scheme of
GLg¢ _ that fixes Q,. Let D,, be the schematic closure of the identity component of f)n,Q
in D,,. We recall from [19, Subsect. 3.1] that D,, and D,, are isomorphic to SO;mZ( and

2)
O;mz(z) (respectively). Thus D; is isomorphic to G,z (2)» D2 1s isomorphic to the quotient
of a product of two copies of SLaz,, by a p, 7 @ subgroup scheme that is embedded
diagonally, and for n > 2 the group scheme D, is semisimple. Moreover we have a non-
trivial, split short exact sequence 1 — D,, — D,, — (Z/ 2Z)z(2) — 1 and D,, is the identity
component of D,,. Let
Pn : Dn — GL L.

be the natural rank 2n faithful representation. We also recall from [19, Subsect. 3.1] that
pn is associated to the weight w; if n > 4 and to the weight ws of the A3 Lie type if
n = 3 (see [2, plates I and IV] for these weights); moreover po is the tensor product of
the standard rank 2 representations of the mentioned two copies of SLa z,, . Thus the
representation p,, is isomorphic to its dual and, up to a G, (Z2))-multiple, there exists a
unique perfect, symmetric bilinear form %B,, on £, fixed by D,, (the case n =1 is trivial).
In fact we can take 9B,, such that we have B, (u,x) = Qp (v + ) — Q,(u) — Qn(x) for
all u,z € £,. Let J(2n) be the matrix representation of 98, with respect to the standard
Z5)-basis for £,; it has n diagonal blocks that are (0 1).

10
Let g € N. Let
dp.q: D} — Dy,

be a Zz)-monomorphism such that the faithful representation ppqody ¢ : D} — GLg, s
isomorphic to a direct sum of ¢ copies of the representation p,; it is easy to see that d, 4
is unique up to D,,4(Z(2))-conjugation.



2.1.1. Lemma. Letr € N be a divisor of q. Let A, ,, : D; — DI be the diagonal
embedding. The composite monomorphism ppgody 0Dy rq: D] — DI — Dpy — GLL‘W
is a closed embedding that allows us to view Dj, as a closed subgroup scheme of GLg, .
Let By r,q be the semisimple Z9)-subalgebra of End(£,,) formed by endomorphisms of £,
fized by D;,. Then D], is the identity component of the centralizer of By, rq in Dyy.

Proof: The centralizer C,, 4 of By, ;4 in GLan is a GLgn’Z@) group scheme. As Cy, .4 N
Di = Dy, to prove the Lemma we can assume that r = ¢. We identify (£,4,Bnq) =
®7_1(L,,B,) in such a way that the identity £,, = ®f_,£,, defines d,, ;. Then C, 4,4 =
[1l.,GLg and Cn g4 N Dng = [[Z, D, = DI. Thus the identity component of the
centralizer of By, 4.4 in Dy, is the identity component of D9 and therefore it is DY. O

2.2. Twists of D,,. In this subsection we list few properties of different twists of D,, and
of the Lie groups associated to them.

2.2.1. On SO*(2n). Let SO*(2n) be the Lie group over R formed by elements of
SL(2n, C) that fix the quadratic form 22 + --- + 23, as well as the skew hermitian form
—21Zn41 F Znt121 — *°* — ZnZ2n + ZonZn. It is connected (cf. [8, Ch. X, Sect. 2, 2.4]) and
it is associated to a reductive (semisimple if n > 2) group over R that is a form of D,, r.

For s € {1,...,q}, let (z§5>, . ,zgf;b)) be variables that define an s-copy of SO™(2n).
The transformation that takes the 2ng-tuple (zgl), e zé}%), cee z§‘”, cee zgjl)) to the 2ng-
tuple (zgl), W z@, TN 27(11421, e zéi}, e zflqll, e zégl)), gives birth to the
standard monomorphism of Lie groups

n,q : SO*(2n)? — SO*(2nq).

By composing the diagonal embedding SO*(2n) — SO*(2n)? with e,, , we get a monomor-
phism:
Sn,q - SO*(2n) — SO*(2ng).

2.2.2. Lemma. The following three properties hold:

(a) we have sy.40 S1.n = S1,nq;
(b) the Lie group SO*(2) is a compact Lie torus of rank 1;

(c) the centralizer Cy ,, of the image of s1,, in SO*(2n) is a mazimal compact Lie
subgroup of SO*(2n) isomorphic to U(n).

Proof: Part (a) is obvious. It is easy to see that SO*(2) is the Lie subgroup of SL(2, C)
whose elements take (z1, z2) to (cos(0)z1 4 sin(€)ze, — sin(#)z1 + cos(0)z3) for some 6 € R.
From this (b) follows.

We check (¢). Let u, : U(n) < SO*(2n) be the Lie monomorphism that takes
X +iY € U(n) < GL(n,C) to (} ) € SO*(2n) < GL(2n, C), where both X and Y
are real n X n matrices (see [8, Ch. X, Sect. 2, 3, Type D III]). The image through w,, of
the center of U(n) is Im(s; ,,). Thus we have Im(u,) < C1,. But the centralizer of the
image of the complexification of s; ,, in the complexification of SO*(2n) is a GL(n, C) Lie

group, cf. the very definition of s;,. Thus Cy, is a form of GL(n,R). By reasons of
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dimensions we get that C; , = Im(u,)>U(n). The fact that C; , is a maximal compact
Lie subgroup of SO*(2n) follows from [8, Ch. X, Sect. 6, Table V]. Thus (c) holds. O

2.2.3. Hermitian twists. Let Spec So — Spec S7 be an étale cover of degree 2 between
regular schemes that are flat over Zy) and with S; integral. There exists a unique Si-
automorphism 7 € Autg, (Sa) of order 2. Let My := S and M, := S5 = M; ®g, So. We
view also 9, (z) as a quadratic form defined for x = (x1,...,x2,) € Ms. Let

95 (z) ==a17(21) — 2T (22) + -+ - + Topn_1T(T2n—1) — T2nT(T2n);

it is a skew hermitian form with respect to 7 on My = S3™. Let D, . be the subgroup

scheme of Resg, /5, Dp s, that fixes 9.
2.2.4. Lemma. We have the following four properties:

(a) the group scheme D, . over Sy is reductive, splits over Sz, and for n > 2 it is
semisimple;

(b) if So = S1 & S1 as Si-algebras, then D, , is isomorphic to Dy, s, and thus it is
split;

(c) if S1 = S2 is R — C (thus 7 is the complex conjugation), then D, .(R) is
isomorphic to SO™(2n);

(d) there exist Si-monomorphisms Dy — Spg, s, such that the resulting rank 8n
representation of Dy, - g, s isomorphic to four copies of the representation p, s, .

Proof: To prove (a) and (b) we can assume that So = S7 @ S as Si-algebras; thus 7 is the
permutation of the two factors Sy of Sy. For j € {1,...,2n} we write

zj = (uj, (—1) ;) € So =51 @ 51

with u;,v; € S;. Thus we have identities Q,(z) = (wjuz + -+ + Ugp_1Ugn, V102 + - - - +
Von—1V2y,) and ) (z) = (Z?Zl w;vj, Z?Zl u;v;). Let

(91,92) € Ress, /5, Dn.s,(51) = Dn(S1) x Dp(S1) < GLay, (S1) x GLays, (S1)

be such that it fixes Z?Zl u;v;; here g1 and go act on an M; copy that involves the variables
(u1,...,u2,) and (vy,...,ve,) (respectively). We get that at the level of 2n x 2n matrices
we have go = (¢}) ™' = J(2n)g1J(2n). Thus the S;-monomorphism D,, » <> Resg, /s, Dy.s,
is isomorphic to the diagonal Si-monomorphism D,, 5, < D, s, Xs, Dy, s, and therefore
D,, - is isomorphic to D, g,. From this (a) and (b) follow.

We check (c¢). Let i € C be the standard square root of —1 and let w := 7(w),
where w € C. Under the transformation o1 := 2; + i2p4; and xo; := 2j — i2,4; (with
jeA{l,...,n}), we have

Q) =2+ 25+ -+ 235, and H5(x) = 2i(—21Zp41 + 2ni121 — -+ — ZnZon + ZonZn).
From the very definition of SO*(2n) we get that (c) holds.
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For s € N we have standard closed embedding monomorphisms
GLSnasz — Sp25n,52 and R‘eSS2/S1 Sp25n,52 — Sp4sn,S1'

Therefore Resg,/s,Dn,s, is (via Resg, /s, pn,s,) naturally a closed subgroup scheme of
Resg, /s, GLay, s, and therefore also of Resg, /s, Spy, 5, and of Spg,, 5, . Thus (d) holds.[J

2.2.5. The case of number fields. Let F{, be a totally imaginary quadratic extension
of Q in which 2 splits. Let S1 := Z(,) and Sz := Fj (2); thus 7 is the non-trivial Zy)-
automorphism of Fy () and the reductive group scheme D,, , is a form of D,,. As 2 splits
in Fy and as D, , splits over F (9) (cf. Lemma 2.2.4 (b)), Dy, splits over Z,. Let F} be
a totally real, finite Galois extension of Q unramified above 2 and of degree ¢ € N. Let
Fy := F; ®q Fo; it is a totally imaginary, Galois extension of Q that has degree 2¢ and
that is unramified above 2. We view N := F2" [ (o) @s a free Zo)-module of rank 2ng and

Ny := F2 o) = = N1 Qz,, Fo,(2) as a free F (o)-module of rank 2ng.
See Subsection 2.1 and Subsubsection 2.2.3 for £, and £ (respectively). Let

Qfl’(z)/z(z) and ﬁ;Fl'@)/Z@) be (the tensorizations with Fy o) over Z) of) Q, and $
(respectively) but viewed as a quadratic form in 2nq variables on N and as a skew hermi-
tian form with respect to 7 in 2ng variables on Ny (respectively). If we fix an Fy (2)-linear

isomorphism ¢ : Ng—)F (2), then for w = (wy,...,wapnq) € NQ%FOQ’?;) we have

QO (1) = 9, () and 5, () = 97, (),

where z = (z1,...,T2,) = w € F227(L2) = N is computed via the standard F; (2)-basis for
F227(L2) By taking cz to be the natural tensorization over Fj (3 of a Z(3)-linear isomorphism

Qfl,@)/z(z)

c1: Ny —>Z?§)q, we can also view naturally as a quadratic form in 2nq variables

on the Z)-module Nj.

Let Df;f”/Z@) be the identity component of the subgroup scheme of Resp, ., /z,, GLn,

that fixes both Q5" @/2@ 414 SZFI’(Q)/Z@); it is a group scheme over Zs).

2.2.6. Lemma. The following four properties hold:

F1,(2)/%2)

(a) the group scheme (Dng'r >F1,<2> is isomorphic t0 Dng r Py (55
(b) the group scheme D, 1 (2)/ ® is reductive for n > 1 and semisimple for n > 2;
(c) the group scheme Dné (72)/ @) splits over Fy,(2) and thus also over Zs;

d) if (Lo, ) is a symplectic space over Zio of rank 8ng, then there exist Zo)-
(2) 2 (2)
monomorphisms of reductive group schemes

F Z = ~
(1) ReSF1,<2>/Z<2>D":T’Fl,(z) - D”é;(ﬁ)/ Yo Sp(L2),¥)
which are closed embeddings and for which the following three things hold:
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(i) the Lie monomorphism Resg, , /7., Dn,r.Fy o) (R) = Diég(f)/z(z) (R) is isomorphic to

the Lie monomorphism e, 4 : SO*(2n)? — SO*(2ngq) of Subsubsection 2.2.1;

" : Fy (2)/2Z o :
(ii) the extension of Resp, . /2 Pnr Py < Dn;;f)/ @ to Fy (9) is isomorphic to the

extension of the monomorphism dy, q : D — Dyq (of Subsection 2.1) to Fy (9);

DFL(z)/Z(z)

(iii) the faithful representation (Dng'r )Fo. o) > GL is isomorphic to four

L2)®z 5 Fo,(2)
copies of the representation ppq. F, @

Proof: As F; and F, are Galois extensions of Q unramified above 2, we have natural
identifications F| (2) ®z,, F1,(2) = qu’(Q) and Iy () ®z,, F1,2) = F2q’(2) of Z5)-algebras.
Thus for

Tr = (1‘1, cen ,xgn) S N2 ®z(2) Fl,(2) = (FQ’(Q) ®z(2) F17(2))2n

we can speak about the transformation
L2j—e = (w(2j—2)q+2—e7 W(2j—2)g+4—er s w(2j—2)q+2q—6) € I (2) 2z ) @) = qu,(z)’

where j € {1,...,n}, e € {0,1}, and w := (w1, ..., wapnq) € F;?g). Thus by considering the

composite F] (3)-linear isomorphism No®z,, I (2) = FOQE)@)Z(Q)FL(Q)%FL(Q)QQZ(Q)F;?% =

F22 ?g) whose inverse is defined naturally by this transformation, we have the following

identities
F VA i F V4 il
in’(Z)/ ) (w) = ngs_lwgs and 57):; 1’(2)/ 2 (w) = Z(—1)5+1w5(1pl’(2) X T)(U)S).
s=1 s=1

F1(2)/Z(2)
Thus we can redefine (Dyq 7 )Fy (-, as the subgroup scheme of Resp, , /F, ., Png,Fy s,

that fixes §;,,. From this (a) follows. Part (b) is implied by (a) and Lemma 2.2.4 (a).

To check (c), we first remark that we have an identification F} (o) Rz Fo,2) =
Fy 9y © Fy (9) of Zy-algebras. Thus, similar to the proof of Lemma 2.2.4 (b) we

get that (Dgé;f)/ Z(2)) Fo.2y 18 isomorphic to the identity component of the subgroup

Fi (2)/Z . :
scheme of GLy, = GLN1®Z(2)FO)(2) that fixes in’@)/ @ but viewed as a quadratic

form in 2ng variables on the Fp (o)-module No = Ny ®z,, Fo (2). We choose an Fj (2)-
basis {y1,Y2,,--,Y2nqt for Na = Ny ®z, Fp(2) such that for e € {0,1} the set
{Y2—¢;Ya—es - - - Y2ng—e} is formed by elements of the 2—e-th, ..., 2¢—e-th Iy (o) ®z, Fo,(2)
copy of No = N1 ®z,,, Fo,(2) = (F1,(2) @z FO,(Q))Q”. If i1, io € {1,...,2nq} are congruent
modulo 2, then we have

%Fl,(2)/z(2) (i, 03, ) = DFI,(2)/Z(2) (yi, +vi,) — QFl,(Z)/Z(Z) (yi,) — QFL(2)/Z(2> (yi,) =0
n 119 Y12 ) — n 11 12 n 11 n 2/ T M-

This implies the existence of an Fy (o)-basis {y1,y2, ..., Ysng—1,Y2nq} for No = N1 ®z,,
Fy,(2) that has the following two properties:

(iv) the Fy (2y-spans of {y1,¥3,...,y2¢—1} and {y1,¥3, ..., Y5, 1} are equal;
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(v) the matrix representation of the bilinear form BELO/ZO) defined by Qiv@/Ze

with respect to the Fy (2)-basis {31, ¥2, - -, Y241, Y2ng} for N2 = Ny Rz Fo,(2), 18 J(2nQ).
From (v) we get that (ng;?/zm)po,m is isomorphic to Dpg,r, ,, and thus it is a split
group scheme. Therefore (c) holds.

. . Fi (o)/Z
We have a canonical Zs)-monomorphism Resg, , /z,, Dn.r.Fy o) = Dnégf)/ ' more

precisely, the group scheme Resg, , /7. DPn,rF , 18 the closed subgroup scheme of

Diég(f)/z(z) whose group of Zy)-valued points is the maximal subgroup of Diég(f)/z(z) (Z(2))

which is formed by F; (p)-linear automorphisms of Ny = FQQ?Q). We take Df;;$>/z<2> —

Sp(i(g),@z) to be the composite of the following five Z,)-monomorphisms

F1V(2)/Z(2) Fl)(z)/Z(Z)
Dy — Resr, o)/Z) (Pnar ) Foc2)

%ReSFo,(z)/Z(z),anyFo,(z) — R‘eSFQ,(z)/Z(z)Sp4nq,FO’(2) — Span,Z(2);>Sp<L(2)a ¥)
(cf. (c) for the second one and proof of Lemma 2.2.4 (d) for the third and fourth ones).

Part (i) of (d) follows from the proof of (a): the variables z%l), e zg‘jf we used
to define the Lie monomorphism e, , are the variables w;, ..., w2, up to a nat-
ural permutation. The extension of R‘eSFL(z)/Z(z),DnyT,Fl,(z) to Fy () is isomorphic to
cf. Lemma 2.2.4 (b).

q q
ReSng(2)/F27(2)DnaTvF2,(2)—)Dn,T,F2V(2) and therefore also to D

n,Fy (2)?
Moreover, the extension of Dgél(rz)/z@) to Fy,(2) is isomorphic to Dpg,r, ,, (cf. (a) and (c)).
Thus part (ii) of (d) follows easily from constructions. Part (iii) of (d) follows from (c)
and Lemma 2.2.4 (d), cf. constructions. O

3. Proof of the Basic Theorem

In this section the following list of notations
(ﬁl) S7 f : (G7X) — (GSP(W ¢)7S>7 E(Gv X):“? O(v)7 L: L(2)7 GZ(2)7 K2: H2: 87 yA

will be as in Section 1. In order to prove the Basic Theorem (see Subsections 3.3 to
3.5), we will need few extra notations and properties (see Lemma 3.1 and Subsection 3.2).
In Subsection 3.3 we use a twisting process to construct using Lemma 2.2.6 the closed
embedding monomorphisms Gz, < G’Z(z) — GSp(L(2),%). In Subsection 3.4 we show
that indeed we have injective maps (G, X) < (G',X’) = (GSp(W, 1)) between Shimura
pairs. The proof of the Basic Theorem 1.2 is completed in Subsection 3.5.

Let n, r € N with n > 2 be such that the group G&* is isomorphic to 803, ¢, cf.
property 1.1 (v). Let d := %_1) € N. Let B(F) be the field of fractions of W (F).

Let By be the centralizer of B in End(L(y)). Let G2z, be the centralizer of B in
GLL,,; thus G2z, is the reductive group scheme over Z) of invertible elements of B;
and Lie(G2,z.,, ) is the Lie algebra associated to B;. Due to the property 1.1 (i), the
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W (F)-algebra By ®z, W(F) is also a product of matrix W (F)-algebras. This implies
that G w ) is a product of GLsa, group schemes over W(F). For basic terminology
on involutions of semisimple algebras we refer to [19, Subsect. 3.3]. All simple factors
of (Bj ®z, W(F),Z) have the same type which (due to the property 1.1 (v)) is the first

der

orthogonal type. Thus the W (F)-monomorphism GW(F) > Ga,w(r) is isomorphic to the
product of 7 copies of p, w ) and thus G y () is isomorphic to GLgn’W(F).

3.1. Lemma. There exists a totally real number field F of degree v and a semisimple
group G over F' such that the following two properties hold:

(i) the derived group G4 is isomorphic to Resp/Q0¥;
(ii) the group G is a form of SO;’,%F (i.e., of Dy r).

Proof: Let F be the center of Bi[3]. Due to the axiom 1.1 (ii), the Q-algebra Bi[3]
is simple. Thus F' is a number field. As G w () is isomorphic to GLgn’W(F), we have
[F': Q] = r. Let G5 be the reductive group over F' of invertible elements of (warning!)
the F-algebra Bl[%]. We can identify G2 with Resp/qG3. As GYer is a subgroup of Gs
such that G&T is a product of subgroups of the factors of the following product Ga ¢ =
(RGSF/QG3>C = Hj:F‘_)C Gz xf ;C, there exists a subgroup G of G3 such that we can
identify G9°* with Res r/QY. More precisely, we have a natural product decomposition
FqF =F x F+ of étale F-algebras and therefore we can identify Go,r with G3 xp
Respi/pGs pi; we can now take G := G3N G, the intersection being taken inside G p.
Thus (i) holds.

It is easy to see that each group G xp ;C is isomorphic to SOs, c. Thus (ii) also
holds. As each simple factor of G >Respgor/r(G X (F®qR)) is absolutely simple (cf.
[4, Subsubsect. 2.3.4 (a)]), the R-algebra F' ®q R is isomorphic to R". Thus the number
field F' is indeed totally real. O

3.2. Constructing Gz, — G’Z(Z) — GSp(E(g),@Z). Let s be the set of primes of F' that
divide 2. We have a natural product decomposition

FoqQ:=[][F

JER

into 2-adic fields. Due to Lemma 3.1 (i), we can identify G‘ée; with [T, Resr;/q,9r;-
Thus we can also identify G%B(TF) with [[;, Resr0q, )/ ) (OF; XF; (F) ®q, B(F))).
As Gz, splits over W(F), the group G%e(rF) is split. Thus the B(F)-algebra F; ®q, B(F)
is isomorphic to a product of copies of B(F). Therefore each field F; is unramified over
Q: i.e., F is unramified above 2. Thus the finite Zg)-algebra F(,) (see Section 2) is étale.

As By is a semisimple Zy)-algebra, it is also a semisimple F(y)-algebra. Let G5 r,, be
the reductive group scheme over F{y) of invertible elements of the F()-algebra B;. We can
identify Gg,z@) with RGSF@)/Z(Z)G&F(Z). Let QF<2) be the schematic closure of G in G3,F(2).
We can identify G%e(g) with Resp,,, /2(2)91:(2) and this implies that Gp,, is a semisimple
group scheme over F{s).

11



Let O; be the ring of integers of the 2-adic field F};. For a later use we point out that
we can identify G%e; with [ jer ReSO; /2,90, Thus we can also identify x with the set of

factors of G that are Weil restrictions of semisimple SOs,, group schemes.
Z;

3.3. A twisting process. We fix a totally imaginary quadratic extension Fy of Q in
which 2 splits. Let 7 be the non-trivial automorphism of Fy () and let D,, » be the form of
D,, introduced in Subsubsection 2.2.5. The Lie group G§*(R) is isomorphic to SO*(2n)",
cf. [14, Subsects. 2.6 and 2.7]. This property implies that each connected component of
X is a product of r copies of the irreducible hermitian symmetric domain associated to
SO*(2n) and thus (cf. [8, Ch. X, Sect. 6, Table V]) we have

dimc(X) =d =rn(n—1)/2.

The mentioned property also implies that the semisimple group schemes Gr, and D, 7 F,
become isomorphic under extensions via Z)-monomorphisms F(o) — R, cf. also the

property (i) of Lemma 2.2.6. Thus the class v € H'(F, Aut(G2)) that defines the form
D,,.».r of G maps into the trivial class of H!(R, Aut(G&1)) via all embeddings F — R.
Let Aut’ (g?;(g)) be the smooth, closed, normal subgroup scheme of the group scheme

of automorphisms Aut(g%?z)) such that we have a first short exact sequence
1 — Aut’ (gF2)) — Aut(gF@)) — Ha g, — 1

(to be compared with [6, Vol. III, Exp. XXIV, Thm. 1.3]). We note that if n # 4, then
Aut’ (QF(z)) QF( ,, and if n =4, then gad is the identity component of Aut’ (QF( )) and

the quotient group scheme E := Aut’ (QF(Q))/QF( ) 18 étale and a form of (Z/3Z)F, . We
also have a second short exact sequence

1= p, Fiy gp(z) — QF@) — 1.

The non-trivial torsors of py p—(%/2Z), correspond to quadratic field extensions of
F. We easily get that there exists a smallest totally real field extension Fj, of F' of degree
at most 2 and such that there exists a class v/ € H'(Fi,, Aut' (G35 )) that defines the form
Dy, ».r, of Gr, (more precisely, Fi, is the extension of F defined by the image of ~ in
H'(F, py p) via the first short exact sequence). The extensions of G, and Dy, 7 r,, via
Zyy-monomorphisms Fg) < W(F) are isomorphic to SOQn’W(F). This implies that the
field Fi, is unramified above all primes of F' that divide 2.

If n = 4, then from [13, Cor. 2 of p. 182] we easily get that the image of
v in H'(F,,Ep,) is the trivial class. Thus for all n > 2, there exists a class
v € Hl(F’in,g%i) that defines the inner form D, ; g, of Gp, (i.e., the images of v,
and ' in H'(Fy, Aut'(G3)) coincide). Let 72 € H?(Fin, py 5,) be the co-boundary of
~1 with respect to the second short exact sequence. Let M(72) be the central semisimple
Fiy-algebra that defines 7o; it is either Fj, itself or a non-trivial form of Ms(Fi,). We know
that the class v becomes trivial under each embedding of Fj, into either R or B(F). Thus
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from [7, Lem. 5.5.3] we get that there exists a maximal torus of the reductive group scheme
of invertible elements of M (v2) that is defined by a totally real number field extension Fy;y
of F;, of degree at most 2 and unramified above the primes of Fj, that divide 2. Let Fj
be the Galois extension of Q generated by Fi;,; it is totally real and unramified above 2

The image of vy in H?(Fy, fiy 5, ) is the trivial class and thus we can speak about the class

Yo € Hl(Fl,(Z): Dn,T,F17(2)> = Hl(Z(Q)v R‘eSFly(g)/Z(2)DnaTvFl,(2))

that defines the inner twist gF1,<2> of Dnmpl)(z).

Let ¢ := [F1 : Q]; we have ¢ € rN and our notations match with the ones of
Subsubsection 2.2.5. Let 4¢ be the image of 7y in Hl(Z(z),Sp(L(g),w)) via the Zy)-
monomorphisms of (1). We define W := E(g)[l] We check that the image 79 q of o in

HY(Q,Sp(W,1)) is the trivial class. Based on [7, Main Thm.], it suffices to show that
the image of o in H'(R, Sp(W ®q R, %)) is trivial; but this is so as the image of 7 in
H'(R, (ReSFl,(z)/z(z)Dn,T,FMz))R) is trivial (as we have seen that Dy,7.F,, and Gr,, be-
come isomorphic under extensions via Z,)-monomorphisms F(y)y < R). As 7y q is trivial,
we get that g itself is the trivial class. Thus by twisting the Z,)-monomorphisms of (1)
via 79, we get Zo)-monomorphisms of the form

’d T 7
where G'Z((ize; is an inner form of D,,. Using the natural Z,)-monomorphism

der __
Gz, = Respy /2,950 = RSk, /2,97 o)

we end up with a sequence of closed embedding Z2)-monomorphisms
der /,der T 7
(2) Gz(2) — Gz@) — SP(L(z),@D)-

As in [19, Subsect. 3.5] we argue that the normal subgroup G” := G N Sp(W, ) of
G is connected and thus reductive. Let Gz( 2 be the schematic closure of G? in GZ(Q). As

in [19, Subsect. 3.5 and Subsubsect. 3.5.1] we argue that we have Gz(z) G%e(l;). Thus
Gz,,, is the flat, closed subgroup scheme of GLE(Z) generated by G%e(r) and by the center of
GLE(Q). Let G’Z(Z) be the flat, closed subgroup scheme of GL~ generated by G/Zf;r and
by the center of GL 2 it is a form of GSOJ and thus a reductlve group scheme
for which the notatlons match (i.e., whose derived group scheme is G

D,fé}z)/z(z) of Subsubsection 2.2.5 splits over Zy (cf. Lemma 2.2.6 (c)) and as the class
70 has a trivial image in H'(Zo, ResF1,(2)®z(2)Zz/Zzpn,T,Fl,@)@z(z)Zz) (cf. Lang’s theorem

2nq,Z2)

" der) As the group

applied to Resp, (2)®z(2)Zz/ZQDn,T,Fl,(2)®z(2)Zz and the fact that the ring Zs is henselian),

r,der . F1(2)/Z2)

the group scheme G is the trivial form of (D4 r )z, and therefore it is split. Thus
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the extension of G' , to Z5 also splits and therefore it is isomorphic to GSO3 4.2, Thus
the property 1.2 (i) holds

3.4. The new Shimura pair (G',X’). We define G’ : G/z(z) Xz, Q. Let &7 be
the G'(R)-conjugacy class of the composite of any element h : S < Gr of X with the
R-monomorphism Gr <+ G. The Lie monomorphism G§&*(R) — G% der(R) can be iden-
tified with the composite of a diagonal Lie monomorphism SO*(2n)" — SO*(2n)? with
the Lie monomorphism e, , : SO*(2n)? — SO*(2nqg) (cf. the constructions of Subsec-
tion 3.3 and Lemma 2.2.6 (d)). As (Ad o h)(R)(i) is a Cartan involution of Lie(G%!) (cf.
beginning of Section 1), the image S} through h of the SO(2) = SO*(2) Lie subgroup
of S(R), is the center of a maximal compact Lie subgroup of SO*(2n)" = G9*(R). But
all maximal compact Lie subgroups of SO*(2n)" are SO*(2n)"-conjugate (see [8, Ch. VI,
Sect. 2]). By combining the last two sentences with Lemma 2.2.2 (c), we get that the
Lie subgroup Sj, of SO*(2nq) = G"9(R) is SO*(2nq)-conjugate to Ci g = Im(s1,nq)-
Thus the centralizer of Sj, in SO*(2ng) = G"9°"(R) is a maximal compact Lie subgroup of
SO*(2nq) that is isomorphic to U(ng), c¢f. Lemma 2.2.2 (¢). This implies that the inner
conjugation through A(R)(i) is a Cartan involution of Lie(Gg'™) = Lie(Gg?), cf. the
classification of Cartan involutions in [8, Ch. X, Sect. 2.

The representation of GE* on W ®q C is a direct sum of standard representations of
dimension 2n of the SOy, ¢ factors of GET. Thus the Hodge Q-structure on W defined
by h has the same type as the Hodge Q-structure on W defined by h and thus it is of
type {(—1,0), (0,—1)}. As G"9°"(R) is isomorphic to SO*(2nq), G"*? is a simple Q-group
whose extension to R is non-compact. Based on the last two sentences and on the last
sentence of the previous paragraph, we get that Deligne’s axioms of the first paragraph of
Section 1 hold for the pair (G’, X’). Thus (G’, X’) is a Shimura pair.

3.5. End of the proof of the Basic Theorem. Let 2 be the free Z5)-module of

/,der

alternating forms on E(Q) fixed by Gi(g)' There exist elements of 2A ®z,, R that define
polarizations of the Hodge Q-structure on l/T/ defined by a fixed element h € X, cf.
[4, Cor. 2.3.3]. Thus the real vector space 2 ®z,, R has a non-empty, open subset of

such polarizations (cf. [4, Subsubsect. 1.1.18 (a)]). A standard application to A of the
approximation theory for independent valuations, implies the existence of ¥ € % that is
congruent modulo 2Z3) to ¢ and that defines a polarization of the Hodge Q-structure on

W defined by h € X. As ¢/ is congruent modulo 2Z5) to ¥, it is a perfect and alternating
form on L(g) By replacing 1) by 1), we can assume that ¢/ defines a polarization of the
Hodge Q-structure on W defined by h € X.

We get injective maps f : (G, X) < (GSp(W,%),S) and

fi(G, X)) = (GSp(W,%),S)

of Shimura pairs. Let L be a Z-lattice of W such that ¢) induces a perfect and alternating
form on it and we have L(g) =L ®g Z 5. Let B, B, and v’ be as in the property 1.2 (ii).

Let Z be the involution of End(L(g)) defined by 1). We check that the axioms 1.1 (i) to
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(v) hold for the quadruple (f, L, v, B). Obviously the axiom 1.1 (v) holds. We know that
the axiom 1.1 (iv) holds for (f, L, v, B), cf. the last paragraph of Subsection 3.3. From
Lemma 2.2.6 (ii) we get that the representation of Gde(F) GW(F) on f)(g) ®z,, W(F)
is isomorphic to the direct sum of a finite number of copies of the representation p,, w (F)-
As n > 2, the fibres of p, w () are absolutely simple representations. From the last two

sentences we get that B®z(2) W (F) is a product of matrix W (F')-algebras. Thus the axiom
1 (i) holds for (f, L, v, B).

As Gder is a product of groups that are forms of SOQn r, and that are permuted
transitively by Gal(F;/Q), the Q-algebra B [2] is simple. Thus the axiom 1.1 (ii) holds for
(f,L,v). The fact that the axiom 1.1 (iii) holds for (f, L,v) is a standard consequence of
the fact that G is generated by the center of GL; and by G9°" and of the description of the
representation of G%ﬁr(F) on fz(g) ®z, W(F). We conclude that the quadruple (f,L,v,B)
is a hermitian orthogonal standard PEL situation in mixed characteristic (0,2). Similarly
we argue that (f’, L,v', B’) is a hermitian orthogonal standard Hodge situation in mixed
characteristic (0,2). Thus the property 1.2 (ii) holds. From the construction of (2) and
Lemma 2.2.6 (ii) and (iii) we get:

(i) the natural W (F)-monomorphism G WE) G;,[‘}(elr?) is the composite of a diag-

onal W (F)-monomorphism D v ) < DY with a standard W (F)-monomorphism

n, W (F)
g w®) : Dpy ey = Drg,w (#);

/,der
W(F)

sum of four copies of the representation p,q w (¥)-

(ii) the faithful representation G7, — GL£(2)®Z(2)W(F) is isomorphic to the direct

From properties (i) and (ii) and from Lemma 2.1.1 we get that G%ﬁ(F) is the identity

component of the subgroup scheme of G der) that centralizes B RZa) W (F). This implies
that the property 1.2 (iii) also holds. This ends the proof of the Basic Theorem. O

4. Basic crystalline properties

We will use the notations of the list (f1) of Section 3 and of the new list of notations
(ﬁ?) n,r, d7 Bl: G27 G2,Z(2)7 B(F)7 F: g: K, .] €K, Fj: F(Q)v gF(g)vO

introduced in Section 3. Let (A, A) be the pull-back to A of the universal principally
polarized abelian scheme over M. Let k£ be an arbitrary algebraically closed field of
characteristic 2 and of countable transcendental degree. We fix a Z,)-embedding O(,) <
W (k) into the ring of 2-typical Witt vectors with coefficients in k; all pull-backs to either
Spec W (k) or Spec k of O(,)-schemes, will be via it. Let o be the Frobenius automorphism
of W (k). For a W (k)-morphism ¥ : Speck — Ny (x) let

(4, A4) := ¥ (A, A) X Nwy)-
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Let (M, ¢, 1) be the principally quasi-polarized (contravariant) Dieudonné module over
k of the principally quasi-polarized 2-divisible group of (A, A4). Thus M is a free W (k)-
module of finite rank, ¢ : M — M is a o-linear endomorphism such that we have 2M C
d(M), and ¥y is a perfect and alternating form on M such that we have 1y (¢(x), p(u)) =
20(Yprr(z,u)) for all x,u € M. We denote also by ¥, the perfect and alternating form on
MY induced naturally by ;.

For b € B, we denote also by b the Z)-endomorphism of A defined naturally by
b (cf. [19, Subsubsect. 4.1.1]). We denote also by b different de Rham (crystalline)
realizations of Z)-endomorphisms that correspond to b. Thus we will speak about the
Z(3)-monomorphism B°PP < End (M) that makes M to be a B°PP @z, ,, W (k)-module and
MY to be a B ®z,, W(k)-module; here BPP is the opposite Z)-algebra of B. In this
section we recall basic crystalline properties that are (or are proved) as in [19].

4.1. Extra tensors. Let (vy)aecs be a family of tensors of 7 (W) such that G is the
subgroup of GLyy that fixes v, for all a € J, cf. [5, Prop. 3.1 (c)]. We choose the set J
such that B C J and for b € B we have v, =b € End(W) =W ®q W".

Let (B Rz Zy,1) = ®jer(B;,Z) be the product decomposition of (B; RZ o) Z5,7)
into simple factors. Each B; is a two sided ideal of B; RZ s Z- that is a simple Zs-algebra
and whose center is the ring of integers O; of the 2-adic field F;. As 7 is of first orthogonal
type, it fixes the center of each B;.

As F; is unramified over Q2 (see Subsection 3.2), O; is a finite, étale Zj-algebra. We
can identify B; with End(V;), where V; is a free Oj-module of rank 2n. Let s; € N be
such that as B; Q) Zs>-modules we can identify

(3) L) ®z,) L2 = @j@evjj-

We have s; > 2, as the representation of G%e; = szz on L) ®z,, Zz is symplectic.
As G* is a simple Q-group, the product s;[Fj : Qg] does not depend on j € k. We
can redefine the direct summand V; I of L2) Rz, Z5 as the maximal Zs-submodule that
is generated by non-trivial, simple Reso,z,(GF,, XF,, Oj)-submodules (we recall that
Reso, /7, (G X Fe, Oj) is a direct factor of G introduced in Subsection 3.2).

Let b; be a perfect bilinear form on the O;-module V; that defines the involution Z of
B;, cf. [19, Lem. 3.3.1 (a)]. Thus b; is unique up to a G, (O, )-multiple (cf. [19, Lem. 3.3.1
(b)]), it is fixed by GF* = GbZZ, and it is symmetric (as (B;,Z) is of orthogonal first type).
Let by := @jenb;j; it is a perfect, symmetric bilinear form on the Zs-module L) RZ s Zs
fixed by G%e; = szz. The Zy-span of either b; or b is normalized by Gz,.

4.2. Lifts of y. As in [19, Subsect. 4.1] we argue that NE(G’X) is a closed subscheme

of Mg, x) and that there exists a compact, open subgroup Hy of G(A;Q)) such that
it acts freely on M and thus also on N, the schematic closure N'/Hy of Ny x)/Ho =
Sh(G, X)/(Hz x Ho) in Mo, /Ho is a quasi-projective, normal O,)-scheme of finite type,
and moreover NV is a pro-étale cover of N'/ Hy. The flat, finite type morphism Ny () /Ho —
Spec W (k) has quasi-sections whose images contain the k-valued point of N w (k)/ Ho defined

16



by y (cf. [19, Subsubsect. 4.1.1]). This implies that the W (k)-morphism y : Speck —
Nw (r) has a lift
z: SpecV = Ny iy

where V is a finite, discrete valuation ring extension of W (k). We define (Ay, A4, ) :=
2 ((A, M ay oy )- Let B(k) = W (k)[3]. As in [19, Subsect. 4.2] we argue that:

(a) for each a € J there exists a tensor ¢, € T(M[3]) that correspond naturally to
vo via Fontaine comparison theory for Ay ;

(b) there exists a B(k)-linear isomorphism jy : L(2) ®z,, B(k)=MV[1] that takes ¢
to ¥ and takes v, to t, for all a € J.

Let J be the schematic closure in GLj; of the subgroup Jp ) of GLM[%] that fixes t,

for all « € J. Equivalently, let J be the schematic closure in GSp (M, 1ys) of the identity
component of the subgroup of GSp(M]|L], 1) that fixes ¢, for all b € B C J. Thus,

er

due to the property 1.1 (iii), the group J B(k) is the identity component of the subgroup of

GL )1 that fixes the subset B°PP of End(M[1]) and the involution of End(M[1]) defined
by 1. The existence of j, implies that Jp) is isomorphic to Gy and thus it is a
reductive group. Let j € x. Each projection of L(2) ®z,,, Z2 on a factor V; of (3) along the
direct sum of the other factors of (3), is an element of B®z, Zs. Thus to (3) corresponds
naturally a direct sum decomposition

(4> (Mv ¢) = @jGR(Nj7¢>Sj

of Dieudonné modules over k. As the Zy-span of b; is normalized by Gz,, we can speak
about the perfect, symmetric bilinear form c; on N; that is the crystalline realization of
bj; it is uniquely determined up to a unit of Zy. As V; is an Oj-module, N; is naturally a
W (k) ®z, Oj-module and ¢; is W (k) ®z, Oj-linear. We consider the following condition:

(§) For each j € K, ¢; modulo 2W (k) is a perfect and alternating form on N;/2N;.

4.2.1. Proposition. We assume that the condition 4.2 (§) holds. Then the flat, closed
subgroup scheme J of GLjs is reductive.

Proof: The formula g;(x) := w defines a quadratic form on the W (k) ®z, Oj-module
N;. The closed subgroup scheme SO(N;, ¢;) over W (k)®z,0; = W (k)[F7:Qz2] is isomorphic

to SO;n’W(k)(g)zzoj (cf. [19, Prop. 3.4 (c)]) and thus it is reductive. This implies that

the schematic closure J4* of Jg‘ﬁ) in GL,; is Hjen Resw(k)@)zZOj/W(k)SO(Nj,qj) and
thus it is a semisimple group scheme over W (k) isomorphic to (SO;mW(k))T (we have
djenlt i Qo] = [F: Q] =r). If Z is the center of GLy, then the intersection Z N Jder
is & po yy () group scheme. Let J' be the quotient of Z Xy (1) J4er by a diagonal B, w (k)
closed subgroup scheme; it is a reductive group scheme (cf. [6, Vol. III, Exp. XXII,
Prop. 4.3.1]) and we have a natural homomorphism J' — GLj; whose fibres are closed

embeddings. The homomorphism J' — GLj; is a monomorphism (cf. [6, Vol. I, Exp.
Vg, Cor. 2.11]) and thus also a closed embedding (cf. [6, Vol. II, Exp. XVI, Cor. 1.5 a)])
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whose generic fibre can be identified with the closed embedding Jpx) < GLyyq 1) Thus
we can identify J = J’ and therefore J is a reductive group scheme over W (k). O

4.2.2. Proposition. We assume that the condition 4.2 (§) holds. Then there ezists a
cocharacter p : G, wx) — J and a direct sum decomposition M = F' @ FY such that the
following two properties hold:

(i) each B € G,,(W(k)) acts on F* as the multiplication with 3=% (here i € {0,1});
(ii) the k-module F'/2F" is the kernel of the reduction @ modulo 2W (k) of ¢.

Moreover, the normalizer of F1/2F1 in the special fibre Ji, of J is a parabolic subgroup
Py of Jy and the dimension of dim(Jy/Py) is d = w

Proof: We have a direct sum decomposition Ker(y) = @;e,.((IN;/2N;)NKer(p))* and each
intersection (NN;/2N;) N Ker(yp) is naturally a k ®g, O;/20;-module. Thus there exists a
direct summand F~’j1 of N; that is a W (k) ®z, Oj-submodule and that lifts (N;/2N;) N
Ker(y). Based on Proposition 4.2.1, the rest of the proof of this Proposition is the same
as of [19, Prop. 6.1 and Cor. 6.1.1]. In other words, as in loc. cit. one first checks that:

(iii) our hypothesis on ¢; implies that we have cj(ﬁ'jl, Fjl) € 4W (k) ®z, O; and

(iv) property (iii) and [19, Prop. 3.4 (b)] imply that there exists a direct sum de-
composition N; = F} & F} of W (k) ®z, Oj-modules such that F} /2F; = F/2F} and we
have ¢;(F}, F}') = ¢;(F}, F}) = 0.

We take F' := @jce(F})% and FO := @jc.(F})% and p to be defined by the
property (i). As p acts as scalar multiplication on @jeﬁcjj and as we can identify
Jder — Hje;-e Resw(k)@)ZQOj/W(k)SO(Nj,qj) (cf. proof of Proposition 4.2.1 where g; is

defined), we easily get that p factors through J. Obviously (ii) holds. O

4.2.3. Proposition. We assume that the condition 4.2 (§) holds. Then there exist isomor-
phisms Loy @z, W (k)>M" of BRz,, W (k)-modules that induce symplectic isomorphisms
(L2y @z W(k), 1) =>(MY,brr) and that take ve to to for all a € J.

Proof: We refer to the B(k)-linear isomorphism j, : L(2)®z,,, B(k)=M"[1] of the property
4.2 (b). Let Ly := j, ' (MY). Tt is a W (k)-lattice of L(3)®z,,, W (k) such that the following
three properties hold:

(i) for all b € B®z,, W (k) we have b(Ly) C Ly;

(ii) the schematic closure of Gg(;) in GLL, is a reductive group scheme Jy 173, over
W (k) (ct. Proposition 4.2.1);

(iii) we get a perfect and alternating form v : L, @y (x) Ly, — W (k) whose W (k)-span
is normalized by jy_ley.

As in [19, Subsect. 5.2] we argue that the properties (i) to (iii) imply that there
exists an element g € G"(B(k)) such that we have g(L ) ®z, W(k)) = Ly. By re-
placing j, with j,g, we can assume that j, (L) ®z, W(k)) = j,(L,) = MY. Thus
Jy © L) ®z,, W(k)=>M" is an isomorphism of B ®z, W (k)-modules that induces a
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symplectic isomorphism (L(2) ®z,, W (k),¥)=>(M", 1) and that takes v, to t, for all
acJ. U

5. Proof of the Main Theorem

We will combine Sections 3 and 4 to prove the Main Theorem. We will use the
notations of the lists (f1) and (#2) of Sections 3 and 4 (respectively). Also the notations

(1) [:(G,X) = (GSp(W,v),S), f: (G',X') = (GSp(W,¥),S), L2y, L, B, B/, v/

vgill be as i:a~ Subgections 3.3 to 3.5. Let thia field k£ be as in Segtion~ 4~. Let
Ky := GSp(L(2),v)(Z2) and Hj := G'(Q2) N K, = G’Z(2)(Z2). Let N, (A, A) (resp.

N, (A,A"), and M be the analogues of N, (A, A), and M but obtained working with
the hermitian orthogonal standard PEL situation (f, L, v, B) (resp. (f', L,v',B")) instead
of with (f,L,v,B). Note that N is a closed subscheme of ./\/'(’)(U). We know that A is

regular and formally smooth over O(,), cf. [19, Thm. 1.4 (b)].

It is well known that the E(G, X')-scheme J\N/’E(Gﬂ) = Ng(G,x) is regular and formally
smooth. We choose Hy such that N is as well a pro-étale cover of the quasi-projective,
normal O(,)-scheme N'/Hj of relative dimension d = %_1) Here N'/Hy is defined as

well to be the schematic closure of J\N/’E(Gﬂ) in /\;lo@)/Ho.
5.1. Theorem. The O(,)-scheme N is regular and formally smooth.

Proof: As the E(G,X)-scheme NE(G7X) = Ng(c,x) is regular and formally smooth, to
prove the theorem it suffices to show that the O(,)-scheme N /Hy is smooth at all points
of positive characteristic. Thus it suffices to show that for each point § € Ny 1) (k), the
tangent space T of § in N is a k-vector space of dimension d.

We denote also by ¢ the k-valued point of J\~/W(k) defined by §. Let (M, ¢, V) be

the principally quasi-polarized (contravariant) Dieudonné module over k of the principally
quasi-polarized 2-divisible group of

(A, 25) = 7" ((4,

=

) X N (k))-
Let
(5) E(z) U VARS @jef@]};j

be the direct sum decomposition that is analogous to (3) (here each 5; € N\ {1}). This
makes sense as (cf. end of Subsection 3.2) we can identify x with the set of factors of
G%e;” that are Weil restrictions of semisimple SO, group schemes. Thus we can assume

that the direct factor Reso, /z,(Gr,, XF,, O;) of GFT acts non-trivially on V;. Moreover,

V; is a free O;j-module of rank 2n and is a G Fay X F, Oj-module whose fibres are simple
modules. The representations Gr,, X, Oj = GLy, and G, XF, O; = GLy, over O;
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are isomorphic. This is so as over W (F) they are isomorphic to p,, yw ) and as their fibres
are absolutely irreducible (as n > 2). We conclude that:
e The Gg"-modules (and thus also the Gz,-modules) V; and V; are isomorphic.

Lder and obtained in the same way

Each perfect, symmetric bilinear form fixed by G,
by was (but working with the G' der—module L(g) ®z(2) Z, instead of the G%er module
L(3) ®z,,, Z2), has the property that the isomorphism EBJG,{V — @]EK(VSJ')V induced

naturally by it maps the direct summand ij onto the direct summand (Vj )V for all
J € k. Based on this, it is easy to see that we can choose the direct sum decomposition
(5) so that for each j € k, the isomorphism V — (VSJ) of G%e;—modules we have just
obtained is the one induced by bjj , where b] is a perfect, symmetric bilinear form on )}j
that is fixed by G%e; and that is the natural analogue of b;. In other words, we can choose
a perfect, symmetric bilinear form by := EBJG,{BSV on I~L(2) ®z,, L2 that is the analogue of
bo = ®jenb; b’ of Subsection 4.1 and that is fixed by G' der as well.

Let (M, ¢) = ®jen(N; i ,¢) be the direct sum decomposition that is the analogue of
(4). Let ¢; be the perfect, symmetric bilinear form on N; that is the analogue of ¢; of
Subsection 4.1. Let J (resp. J') be the flat, closed subgroup scheme of GL; that is the
analogue of J of Subsection 4.2 and that corresponds to § € Ny () (k) (resp. to the point
g € N{/V(k)(k) defined by §). We know that J’ is a reductive group scheme isomorphic
to GSOan wky» ¢ [19, Subsect. 5.2] applied §’ € Nllxv(k)(k) (based on the fact that

Theorem 1.2 (i) holds). Let ¢y = @jeﬁéjj be the perfect, symmetric form on M that
corresponds naturally to by.

As G/ et fives by, from [19, Prop. 5.1] applied to the point §’ € Nw(k)( ), we get that
¢o modulo 2W(k;) is alternating. Thus each ¢; modulo 2W (k) is alternating. Therefore J

is a reductive, closed subgroup scheme of GL - N cf. Proposition 4.2.1 applied to g € N (k (k)

instead of y € N(k). Let fi : G ) — J and M = F' @ F° be the analogues of
the cocharacter u : G, w) — J and of the direct sum decomposition M = F'q FO
introduced in Proposition 4.2.2.

We have a natural direct sum decomposition into W (k)-modules
End(M) = End(F') @ End(F°) @ Hom(F', F°) @ Hom(F°, F!)

as well as a modulo 2W (k) version of it. Let Oy and O;}g be the local rings of ¢ in /\7{,1,(,6)
and in Mw(k) (respectively). As we have a natural W (k)-epimorphism (’)blg — Oy, the

tangent space Ty of §’ in N, . is naturally identified with the tensorlzatlon with £ of the
image of the Kodaira-Spencer map of the natural pull-back of A to Spec Oy . In other
words, Ty is naturally identified with the intersection Lie(J},) N Hom(F'/2F*, F°/2F0)
taken inside End(M/2M) (cf. [19, Subsect. 6.4 and proof of Prop. 6.7]). Thus the
tangent space T is a subspace of the intersection of Lie(J;) N Hom(F!/2F!, FY/2F?)
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with the centralizer of BoPP Rz, Kk in End(M /2M). By applying Proposition 4.2.3 to §
and based on the property 1.2 (iii), we get that the identity component of the centralizer
of BopP RZa) k in Jk is J. Thus Ty is a k-vector subspace of the intersection Lle(Jk)
Hom(F'/2F", F0/2F0).

Let P, be the parabolic subgroup of Jj, that is the normalizer of F1/2F1 in Jg,
cf. Proposition 4.2.2 applied to y. As i is a cocharacter of J, we have a direct sum
decomposition into k-vector spaces Lie(J;) = Lie(P},)& (Lle(Jk)ﬁHom(Fl/2F1 FO/2F0)).
Thus dimy(T;) < dimy(Lie(Jy,)/Lie(Py)) = dim(Ji/Py) and therefore (cf. Proposition
4.2.2 applied to §) we have dimy(Ty) < d. As we obviously have dimg(Ty) > d, we
conclude that dim(Ty;) = d. O

5.2. Proposition. The natural identification Of./\N/’E(va) with NE(G x) extends uniquely
to an O()-morphism = : N = N™,

Proof: To ease notations, let Y := Nw(k); it is a regular scheme over W (k) (cf. Theorem
5.1). Let (®,\p) and (’EN),)\@) be the principally quasi-polarized 2-divisible groups of
(A, A>N€‘v<k> and (A, A)y (respectively). To the decompositions (3) and (5) correspond
naturally decompositions

D = @;ex®) and D = e, D}

(respectively) into 2-divisible groups. The fact that the Gz,-modules V; and ]}j are iso-
morphic (cf. proof of Theorem 5.1) can be encoded in the existence of a suitable Z»-
endomorphism between the abelian schemes ANB(k) and A Naw OVer N, B(k) = YB(k); this
Z3-endomorphism allows us to identify naturally ®; p() with QJ B(k) as 2-divisible groups
over B(k) = YB(k) Thus we can speak about the 2-divisible group € := @]ERQ‘?j over Y
which extends @Jeﬁgj,g(k) D p(k); note that both € and © are over Y but & involves
the s;” numbers while © involves the s;’s numbers. Let Ag gy := A9 p(k); it is a prin-
cipal quasi-polarization of €p) = D). As the O(,)-scheme Y is flat and normal, a

theorem of Tate (see [15, Thm. 4]) implies that Ag p(x) extends uniquely to a principal
quasi-polarization Ag of €.

Let O be a local ring of Y that is a discrete valuation ring of mixed characteristic
(0,2). Let K be the field of fractions of O. We also view the natural F(G, X')-morphism
Z:Spec K — YB(k) as a K-valued point % of NB(k) Thus we can speak about the abelian

variety A g =2 (AN,g(k)) over K. As A has a level-l structure for each odd natural
number [, it extends to an abelian scheme flo over O (cf. the Néron—Shafarevich-Ogg

criterion of good reduction; see [1, Ch. 7, Sect. 7.4, Thm. 5]). It is easy to see that each
principal quasi-polarization of A - & extends to a prln(npal polarization of A (at the level

of isomorphisms between abelian scheme over O this follows from [1, Ch. 7, Sect. 7.5,
Prop. 3]). We conclude that there exists an open subscheme U of the regular scheme Y
such that:

(i) we have ?B(k) C U and the codimension of U in Y is at least 2;
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(ii) the principally polarized abelian scheme (A, A>YB<k> = (A, A>N§(k) extends to a

principally polarized abelian scheme (A, Aa ) over U.

Tate theorem also implies that the principally quasi-polarized 2-divisible group of
(Ag,Aa;) is (€ Ag)y. As the scheme Y is regular, from [18, proof of Prop. 4.1] we get
that the principally polarized abelian scheme (Ag, A A[—]) over U extends to a principally
polarized abelian scheme (Ay, A A?) over Y whose principally quasi-polarized 2-divisible
group is (&, Ag). The natural level-l symplectic similitude structures of (A, A)};B(k) ex-
tend naturally to level-I symplectic similitude structures of (Ay,Aa_). Thus the natural
E(G, X)-morphism Yp) — Mp) extends uniquely to a morphism Y — M. This
last morphism factors through a W (k)-morphism Sy () : Y — N‘}l/(k) which is the pull-
back to W (k) of the searched for O,)-morphism Z : N — N™ and for which we have
Ew ) (D) = €, cf. constructions. Obviously Z is unique. O

5.2.1. Remark. The O,)-scheme N™ has the extension property with respect to healthy
regular O,)-schemes, cf. [17, Defs. 3.2.1 2) and 3.2.3 3), Ex. 3.2.9 and Cor. 3.4.1]. Thus
the existence of = also follows from [20, Cor. 5] and Theorem 5.1 which imply that the
O(v)-scheme N is healthy regular.

5.3. Lemma. We consider the O(,)-morphism =g, : /\7/H0 — N™/Hy whose generic fibre
is a natural identification (isomorphism) and whose natural pull-back is the O(,y-morphism

E:N — N™. Then Zp, is projective.

Proof: As ZEp, is quasi-projective and its generic fibre is an isomorphism, it suffices to
show that for each discrete valuation ring O that is a faithfully flat O(,)-algebra, every
O(y)-morphism SpecO — N™/Hj factors uniquely through N /Hy. To check this, we
can assume that O is strictly henselian and it suffices to show that each O(,)-morphism
ho : Spec O — N™ factors uniquely through . Let K := O[%] As in the proof of Theorem
5.1 we argue that the principally polarized abelian variety (fl, ./N\) x over K extends to a
principally polarized abelian scheme over O and that the generic fibre of hp extends
uniquely to a morphism Spec O — M which factors through A. Thus ho : Spec O — N
factors uniquely through N O

5.4. End of the proof of the Main Theorem. As Zj,, (D) = € and as D and
thus also € is a versal 2-divisible group (i.e., its Kodaira—Spencer map is injective at all
k-valued points of 17), the morphism Sy (1) and thus also Zg, has finite fibres. Thus =g,
is a quasi-finite morphism. From this and Lemma 5.3 we get that Ep, is a finite, birational
O(v)-morphism. As the quasi-projective O(,)-scheme N™/Hj is normal, we conclude that
EH, is an isomorphism. Thus the O,)-morphism = : N — N™ is an isomorphism. Thus
the O(,)-scheme N™ is regular and formally smooth (cf. Theorem 5.1) ie., the Main
Theorem holds. U

5.5. Corollary. Let y € Ny (k). Let (M, p,nr) be as in the beginning of Section
4. Let (va)acg and (to)acy be as in Subsections 4.1 and 4.2 (respectively). Then there
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exist isomorphisms Ly @z ,, W (k)M of B®z,, W (k)-modules that induce symplectic
isomorphisms (L(z) @z, W(k),¥)=>(MY, ) and that take vy, to to for alla € J.
Proof: As the O,)-scheme N is regular and formally smooth (cf. Main Theorem), there

exists a lift z € Ny (W(k)) of y. Let F be the Hodge filtration of M defined by
2" (AN )- The decomposition (4) extends to a decomposition

(M7 F7 ¢> = @jGR(vaFjv¢)Sj

of filtered F-crystals over k. For x, u € N; we have ¢;(¢(z), p(u)) = 20(cj(z,w)). If v € F,
then ¢;(v,v) = 0 and ¢(v) € 2N;; thus cj(¢gv), d’(;)) =0. As N; = ¢(N;) + 3¢(F;), each
z € Nj is a sum $¢(v) + ¢(u), with u € N; and v € F;. Thus

e5(r,2) = 25 (6(w), 56(0)) + 5 (D), D) = 265 (6(w), 56(v)) + 20(e; (u, ) € 207 (k)

i.e., ¢; modulo 2W (k) is alternating. Thus the corollary follows from Proposition 4.2.3.

Acknowledgments. We would like to thank University of Arizona, IAS—Princeton, and
Binghamton University for good working conditions. We would also like to thank the
referee for pointing out several typos. This research was partially supported by the NSF
grant DMS #0900967.

References

[1] S. Bosch, W. Liitkebohmert, and M. Raynaud, Néron models, Ergebnisse der Math.
und ihrer Grenzgebiete (3), Vol. 21, Springer-Verlag, Berlin, 1990.

[2] N. Bourbaki, Lie groupes and Lie algebras, Chapters 4-6, Elements of Mathematics
(Berlin), Springer-Verlag, Berlin, 2002.

[3] P. Deligne, Travaux de Shimura, Sém. Bourbaki, Exp. no. 389, Lecture Notes in
Math., Vol. 244, 123-165, Springer-Verlag, Berlin, 1971.

[4] P. Deligne, Variétés de Shimura: interprétation modulaire, et techniques de construc-
tion de modéles canoniques, Automorphic forms, representations and L-functions
(Oregon State Univ., Corvallis, OR, 1977), Part 2, 247-289, Proc. Sympos. Pure
Math., Vol. 33, Amer. Math. Soc., Providence, RI, 1979.

[5] P. Deligne, Hodge cycles on abelian varieties, Hodge cycles, motives, and Shimura
varieties, Lecture Notes in Math., Vol. 900, 9-100, Springer-Verlag, Berlin-New York,
1982.

[6] M. Demazure, A. Grothendieck, et al. Schémas en groupes, Vols. II-III, Séminaire
de Géométrie Algébrique du Bois Marie 1962/64 (SGA 3), Lecture Notes in Math.,
Vols. 152-153, Springer-Verlag, Berlin-New York, 1970.

[7] G. Harder, Uber die Galoiskohomologie halbeinfacher Matrizengruppen II, Math. Z.
92 (1966), 396-415.

[8] S. Helgason, Differential geometry, Lie groups, and symmetric spaces, Pure and Ap-
plied Mathematics, Vol. 80, Academic Press, Inc. [Harcourt Brace Jovanovich, Pub-
lishers|, New York-London, 1978.

23



9]

[10]

[11]

[14]
[15]

[16]

R. E. Kottwitz, Points on some Shimura varieties over finite fields, J. Amer. Math.
Soc. 5 (1992), no. 2, 373-444.

J. S. Milne, The points on a Shimura variety modulo a prime of good reduction, The
Zeta functions of Picard modular surfaces, 153-255, Univ. Montréal, Montreal, QC,
1992.

J. S. Milne, Shimura varieties and motives, Motives (Seattle, WA, 1991), 447-523,
Proc. Sympos. Pure Math., Vol. 55, Part 2, Amer. Math. Soc., Providence, RI,
1994.

D. Mumford, J. Fogarty, and F. Kirwan, Geometric invariant theory. Third edition,
Ergebnisse der Math. und ihrer Grenzgebiete (2), Vol. 34, Springer-Verlag, Berlin,
1994.

J.-P. Serre, Groupes algébriques associés auxr modules de Hodge—Tate, Journées de
Géom. Alg. de Rennes (Rennes, 1978), Vol. III, 155-188, Astérisque, Vol. 65, Soc.
Math. de France, Paris, 1979.

G. Shimura, On analytic families of polarized abelian varieties and automorphic func-
tions, Ann. of Math. (2) 78 (1963), no. 1, 149-192.

J. Tate, p-divisible groups, Proceedings of a conference on local fields (Driebergen,
1966), 158-183, Springer-Verlag, Berlin, 1967.

J. Tits, Reductive groups over local fields, Automorphic forms, representations and
L-functions (Oregon State Univ., Corvallis, OR, 1977), Part 1, 29-69, Proc. Sympos.
Pure Math., Vol. 33, Amer. Math. Soc., Providence, RI, 1979.

A. Vasiu, Integral canonical models of Shimura varieties of preabelian type, Asian J.
Math. 3 (1999), no. 2, 401-518.

A. Vasiu, A purity theorem for abelian schemes, Michigan Math. J. 52 (2004), no. 1,
71-81.

A. Vasiu, Integral models in unramified mized characteristic (0,2) of hermitian orthog-
onal Shimura varieties of PEL type, Part I, to appear in J. Ramanujan Math. Soc.,
available at math.NT/0307205.

A. Vasiu and T. Zink, Purity results for p-divisible groups and abelian schemes over
reqular bases of mized characteristic, Doc. Math. 15 (2010), 571-599.

Adrian Vasiu,

Department of Mathematical Sciences, Binghamton University,

Binghamton, P. O. Box 6000, New York 13902-6000, U.S.A.

e-mail: adrian@math.binghamton.edu, fax: 1-607-777-2450, phone: 1-607-777-6036.

24



