MORE REGULAR FORMAL MODULI SPACES AND ARITHMETIC TRANSFER
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CONJECTURES: THE RAMIFIED QUADRATIC CASE

Y. LUO, M. RAPOPORT, AND W. ZHANG

ABSTRACT. For unitary groups associated to a ramified quadratic extension of a “-adic field, we define
various regular formal moduli spaces of “-divisible groups with parahoric levels, characterize exceptional
special divisors on them, and construct correspondences between them. We formulate arithmetic transfer

conjectures, which are variants of the arithmetic fundamental lemma conjecture in this context. We prove

the conjectures in the lowest dimensional cases.
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The arithmetic Gan-Gross—Prasad (GGP) conjecture [7] is one of the generalizations of the Gross—

Zagier formula [10] from modular curves to higher dimensional Shimura varieties. The third author

proposed a relative trace formula approach to the arithmetic GGP conjecture [47]. In this context, he

formulated the arithmetic fundamental lemma (AFL) conjecture, which is now a theorem, cf. [49, 27, 50].

The AFL conjecture relates the special value of the derivative of an orbital integral to an arithmetic

intersection number on a Rapoport-Zink formal moduli space of *-divisible groups (RZ space) attached

to a unitary group. It is essential for the AFL conjecture that one is dealing with a situation that is

unramified in every possible sense (the quadratic extension a/a. defining the unitary group is unramified,

and the special vector has unit length, and the function appearing in the derivative of the orbital integral

is the characteristic function of a hyperspecial maximal compact subgroup).
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When these unramifiedness hypotheses are dropped, the statement of the AFL has to be modified. In
the context of the fundamental lemma (FL) conjecture of Jacquet—Rallis, this question leads naturally
to their smooth transfer (ST) conjecture, proved by the third author in the non-archimedean case [48].
In the arithmetic context, this question naturally leads to the problem of formulating arithmetic transfer
(AT) conjectures. There are two ways of relaxing the unramifiedness conditions. One is when the
quadratic extension a/a. is unramified but where the level structure imposed is no longer hyperspecial
(and, relatedly, the special vector is no longer of unit length). This case is dealt with in [32], [21] and
[50]. The other kind of AT conjectures arises when a/a. is no longer unramified. This was considered
in special cases in [31] and [32]. In the present paper, we explore systematically the ramified case. In
both the unramified and the ramified cases, a limiting factor is the requirement that the ambient space
(a product of RZ spaces) is a regular formal scheme.

The AFL conjecture concerns the closed embedding of RZ spaces

sl o sl (1.0.1)

where w1 ~ ("), for a special vector », of unit norm, from which we deduce the special cycle
@) C al ! —]H.' In the generic fiber (a rigid-analytic space), the left term in (1.0.1) is the member
) of the RZ tower of wl] corresponding to the (hyperspecial) parahoric A of )(+) and the right

(]

term is the member ol of the RZ tower of ! J]r... corresponding to the (hyperspecial) parahoric #

+&
of H(++). In [21] and the present paper, the inclusion (1.0.1), which is an integral model of the inclusion

L R is replaced by an integral correspondence. This correspondence is to be as simple as
+&

possible, i.e., of atomic type in the sense of [20, §4.2], modelled on the definition #, ., = #, ® #_/ of an

atomic function in loc. cit., in which either «’ = * or = = . This means that the correspondence is of

either of the following two types:

/ \ (1.0.2)

[»]

st sl sl |

S

or

[ﬂ
K//// \\\\\ (1.0.3)

RSP S By « sl

In (1.0.2), the map in the second factor is the identity; in (1.0.3), the map in the first factor is the identity.

Here we have added on the left of these diagrams the closed embeddings given by the graphs of closed

embeddings & oy mh ]; which exhibit %™ as a special cycle in m['i;. We call the first type a small

correspondence and the second type a big or a large correspondence (in the first type, the non-trivial
correspondence is on the RZ space of dimension ; in the second type, the non-trivial correspondence is
on the RZ space of dimension ~ + &).

When a/a. is ramified (the case considered in this paper), the regularity condition on the ambient

2] o il

product of RZ spaces # 1 imposes that either £ =  —( )or#= + (), where »( )= if

is even and #( ) = & if ~ is odd. In this case, one of the factors in the product is formally smooth.
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However, the other factor will in general not be regular. When the second factor is not regular, we
replace it by an explicit blow-up which is regular, in fact semi-stable (the splitting model, see below).

1.1. AT conjectures. Before we give more details on the construction of the correspondences, let us
state the general form of our AT conjectures. Let a/a- be a ramified quadratic extension of «-adic local
fields (% # %). The relevant RZ spaces m["], (see §5) depend on two integers = and =, and on » € {+&}.
Here = denotes the dimension, and «w (the type) is an even integer between + and = and defines the level
structure, and ~ fixes the isomorphism class of the framing object. Here, when  is odd, the isomorphism
class of m[":}, is independent of ~.

In our AT conjectures, the spaces are (variants of ) RZ spaces and the cycles are closed formal subspaces
in a product of these attached to the integers = and 4+ &. The precise definitions of the spaces and
the cycles are given in the main body of the paper, see §6. We denote by «’(a-).. the set of regular
semi-simple elements on the = -side and by « (& ). the set of regular semi-simple elements on the )-side,
comp. [31, §2]. Here - denotes a hermitian space of dimension =+ &. Also, we have incorporated the

transfer factor in the definition of weighted orbital integrals on the = -side.

Conjecture 1.1.1. Let =, be numerical invariants as above (> &, ¥ < =« <  + & is an even
integer, and » € {£&}), and let (& +;,;..,I["], %) be a triple consisting of an ambient space % ;.. (a
product of RZ spaces of dimension — and =+ &), a special cycle a
on the )-side, as in the table in §1.2.

(i) There exists ' € 2° (&) with transfer (#,v) € 2% (¢ ) x 2% (¢ ) such that, if © € &' (&) is matched
with b € ¢ _ (&), then

on# 4., and a test function

(ii) For any ¥ € z* (&) with transfer (#,7v) € 2° (¢ ) x Z*(¢ ), there exists #' € 2° (&) such that, if
€ &' (&) is matched with 3 € & (& )x, then

(wa) es o (o) —e (o),

Here 1s the hermitian space of dimension 4+ & with Hasse invariant » and ' is the opposite space.

By [31, Prop. 5.14], part (i) follows from part (ii); by the density conjecture [31, Conj. 5.16], part
(ii) follows from part (i). Something analogous holds for all further conjectures later in this paper; in
the interest of brevity, we will omit the variants (ii) of these conjectures in the statements below. The
conjecture above is the homogeneous version. There is also an inhomogeneous version, which we omit
here and below.

1.2. Summary of cases. The following table summarizes all the cases of AT conjectures in this paper.
Here - is always even and lies in [, +&] or [¥, |, depending on whether w appears as the second entry
or the first. Moreover, in each row the parity of = is determined by the rule that all types are even. In
each case, an aligned triple (%, a, ™) that underlies the construction of the correspondence is fixed, cf.
Definition 6.2.1. For simplicity, we drop the invariant » from the notation of RZ spaces.

Ambient space | The cycle Test function AT
Type [a] ) .
B o die ] ] Conjecture
w7 ml ] e(s e 31, Conj. 5.3
() +a () e [31, Conj. 5.3]
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(=& +&) I e B Y I O 4182, Conj. 12.4]
(/o) r<a< w1 *'*[li’; wile @(ﬁ[ "])_”0)[ R Conj. 8.5.1
(&), ¥Y<al  —& al = *“[i’.i aihe @(/‘[ _“"])"‘of[ il ol Conj. 9.4.1
(—aw), Y <w< otalml T abh | B g(sl TH0) e | @l j:f"‘} Conj. 9.10.1
(w ), ¥ << alhs wl ] | gl a(sL ) ve 1 I Conj. 10.4.1
(o ), ¥ << alhs wl ] gkl s(s") e 1 @ ul] Conj. 10.6.1
(wota), r<w<o—alamhtxaml B s gal TRy ve ) | Conj. 1151

We have a few comments.

e The cycles in the first two rows are graphs of closed embeddings. The cycles in the third, fourth,
sixth and eighth row are small correspondences. The cycles in the fifth and the seventh row are large

Correspondences .

e If o achieves the upper bound, there are the variants without the superscript =. In some of these
extreme cases, splitting models coincide with the usual ones, and the corresponding conjecture is then

identical to that in [31, 32]. More precisely, in the sixth row the case for = = = and in the seventh row
the case for =« =  are both identical with the first row, see Remark 10.4.2 and Remark 10.6.2. On the
other hand, the case =« =  in the third row has a different ambient space from the case in the first

[]=

row (% . versus | J]n..), even though the cycles are identical. Nevertheless, we show that the two AT

conjectures are equivalent, see Proposition 8.6.1. Similarly, the case « = = — & in the last row differs
[ 7"'}»-— [ 7;})

versus

from the second row (# ; we conjecture that the difference of intersection numbers

is an orbital integral function, cf. Conjecture 11.6.1.

e Regarding the fifth row, we refer to Conjecture 9.10.1, (ii) and (iii) for refinements taking into account

the disjoint sum decomposition of ;M’i",

1.3. Low dimensional cases. We can prove our conjectures in the first non-trivial case.
Theorem 1.3.1. Conjecture 1.1.1 holds when = = &.

Proof. Indeed, the cases when = = & are all covered by the literature, except case (iii) below, which is
dealt with in §13.
(]

(i) type (- — &,a) = (v, ) &, — ”“E‘:} X AE‘J]", cf. Conjecture 9.4.1. This case follows from [32, Thm.
13.4] when » = & (i.e., &L’
s =—& (ie., mg"] is the base change of the Lubin—Tate space at the Iwahori level).

(ii) type (- — &,=) = (v, %): IE‘]’O — ”‘E/] x w1 ¢f. Conjecture 9.10.1. This case follows from [32, Thm.

1.6].

is the base change of the Drinfeld space), resp. from [32, Thm. 13.2] when

(iii) type (- — &,w) = (r,¥): &g =@, X mg']", cf. Conjecture 9.10.1. O
We list the cases when = = %, one of which is known.
(i) type (,w) = (%, %): ;Lx} — mgf} X AM", cf. Conjecture 8.2.1. This is proved by Proposition 8.6.1

and [31].
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=[] [#]

(i) type (=) = (3,7): 5L — = [,

x @ = cf. Conjecture 8.5.1.

[r,#]. [ o ], cf. Conjecture 10.4.1.

(iii) type (w, ) = (v, %) when  is split: = — &
(iv) type (w, ) = (v, %) when ° is split: alle Ly e gl }, cf. Conjecture 10.6.1, the case »° = &.
(v) type (=, ) = (%) when ” is non-split: alhe L ghhe gl }, cf. Conjecture 10.6.1, the case

/=

These cases stand as the next test cases of our conjectures. We hope to return to them in the future.

1.4. More background on the enumeration of cases. For = > %, the RZ space m["}, is formally

smooth (ezotic smoothness) in two instances: when  is even and « =  (in which case » = +& is
the only possibility), and when — is odd and « = = — &. In [31] and [32], the last two authors and B.
Smithing consider on the geometric side the natural closed embedding of formally smooth RZ spaces
(] (]
s T B

y00

propose AT conjectures in these two cases and verify them for =~ = & and =~ = %. The construction of

They also construct in a non-trivial way an embedding | 7;:’] < ml j__f'}. They then

these embeddings is based on the moduli-theoretic definition of these particular RZ spaces.

Beyond these cases, there are no natural embeddings; instead, we replace the embeddings by corre-
spondences linking the two spaces and obtain in this way cycles on the product space. This is made
possible by the recent moduli-theoretic definition of all relevant RZ spaces due to the first author [22].

Our spaces and cycles are built on the answer to the following question:

Question 1.4.1.

1) Correspondences: We would like the ambient space to be a product of RZ spaces of mazimal parahoric
levels which is regular. How can this be achieved?

2) Cycles: When is the @-divisor @(»)* or the =-divisor =(2) on m["i; isomorphic to a lower-

dimensional RZ space of maximal parahoric level?

1.5. Cycles. Let us first consider part 2) of Question 1.4.1. We have the following exceptional isomor-

phisms (see §6.1 for notation and precise statements):

Theorem 1.5.1. Let n € a(_['],) be a unit length vector. Set »° = 77(7) ((—&) —%).

(i) Consider the special @-cycle I(”‘)["], C m["],. Then:

o When  is even and = = I(‘*)['], is empty (note that » = & in this case).

e [n the remaining cases, we have an isomorphism

except when:

e isodd, e= —&,and #° = —&, in which case the RHS is not defined and the special cycle I("**)["], 18

the disjoint union of points 4(%) in r(m["l:”,) (the worst points, indezed by all almost «-modular lattices

N C a(_['},) containing M).
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(ii) (H. Yao [45, Thm. 5.5]) Let = be even and - = . Define m[:‘ ];,(: by the following fiber product
diagram,
m[ 7\]7?( }m[fr]
—&,7
| = |
= ]bc y wl =¥
—&,7

Then the morphism al =1 w1 Gs o trivial double covering, cf. [32, Prop. 6.4]. Furthermore, the

composition | . L: N R BINR factors through = (“)[ I and induces an isomorphism
m[:;.7]/,: ~ ..(\.,,)[ I

In particular, there is a natural morphism

[ —

7‘-.,),[) ?

A.(»\)[ I %

which is a trivial double covering. Furthermore, '-(“)[ I— C16%%))

It is conceivable that exceptional special divisors on m["'},, i.e., the divisors I(‘*)[':], appearing in The-

orem 1.5.1, are characterized by the property that they are non-empty regular formal schemes, see Con-
jecture 6.1.6. Similarly, the divisors “(“)[ }, in Theorem 1.5.1 should be characterized by the property
that = ("-“*)[ ], is a non-empty regular formal scheme, see Remark 6.1.7.

At the heart of the proof of this theorem is a thorough analysis of the strengthened spin condition
which gives a moduli-theoretic definition of the RZ spaces m["],,, as established in [22]. We prove the

following theorem (cf. Theorem 6.1.2). Again, we refer to the body of the paper for the definitions and
the notation.

Theorem 1.5.2. Let (-2, ., .) be a hermitian wuz-module of dimension = — & and type =« over + €
(=/C ug). Let = € u} be a unit and define

(W, my i) 1= (2 X e, iz X, g X ET),

Then the following assertions hold:

(i) (7, =, =) is a hermitian ugz-module of dimension — and type .
(ii) If (=2, ., .) satisfies the strengthened spin condition, then so does (7, w, ).
(iii) Suppose = # ~ — &. Then, if (7, ., .) satisfies the strengthened spin condition, then so does

(Z‘Z, 7y z) .

1.6. Correspondences. Now let us address part 1) of Question 1.4.1. As mentioned above, among
[«]

all RZ spaces of maximal parahoric level, for = > %, there are two instances when the RZ space @',

is formally smooth (ezotic smoothness): when  is even and « = ~ (in which case » = & is the only
possibility), and when = is odd and =« = = — &. Outside these cases, m[":}, is not even regular. However,
there is a certain blow-up m[j];’ of m["], which is always regular (the splitting model). Hence the product

(] [#],=

formal schemes #' ' x %770 and 5 ;,f'} X A[‘J]r’;’ , as well as m["];; x il 4]_;7 , and m[‘];; x ! ::] are regular

) )

and therefore can serve as ambient spaces for arithmetic intersections. These four possibilities lead to
the AT conjectures of type ( ,w) (§8), type (- — &,=) (§89), type (=, ) (§10), and type (w, + &) (§11).



RAMIFIED SPLITTING ARITHMETIC TRANSFER CONJECTURES 7

The He-Luo-Shi theory of splitting models [15] is key here. Recall that they are defined in two steps.
[‘}70

First, one introduces the naive splitting model %" over ¢ %3 parametrizing the collection of data

(N7 sy (N)f' (AV);‘%

where (7, ., ,="(7),~"(=")) is a hermitian u,-module of signature (&, — &) and type = with splitting
structure, and where 4 is a framing with the fixed framing object. In a second step, the splitting model
m["]’l’ over ¢ w3 is defined as the flat closure of m["];o.

[, []=

In the =-modular case, the naive splitting model # * and the splitting model are both isomor-

(]

phic to the RZ space #' *. In the remaining cases for = > &, the splitting model is different from the

[]

RZ space. For instance, the splitting model = coincides with the Krdmer model [17]. The splitting

structure is uniquely determined outside the worst points. In fact, the splitting model A["],” is the blow-

up of the RZ space m['}, in the worst points, cf. [15, Thm. 1.3.1]. Any splitting model m['j]” is flat and

e

semi-stable, and it is smooth if and only if = = | in which case, as mentioned above, wl b o ml],

[#],- (2],

Remark 1.6.1. More generally, one could consider an intersection on # x @7y for any pair (#,%)
of even integers. However, the last product is not regular in general. One could replace the ambient
space by its blow-up, similarly to [50], and obtain in this way further AT conjectures. However, we will

not discuss these cases here.

1.7. The large correspondence. We can relate the large correspondences to the guiding principle of

[21, §1, (1.0.5)], i.e., to the construction of “pull-back” diagrams of exceptional special divisors along the

natural projection maps m[i_f:} — m[ﬂ; from RZ spaces of (non-maximal) parahoric levels (our notation

here is modelled on that of [21]):

; . .
LB Bts 7B 4y

| o ] | -

[f] = '(”-N )[f} or ~~(”\ )[f]C—> A[fj-;'

We would like to consider the cartesian product @, as our cycle and the product wl# x m[ﬂ; as the
ambient space. The regularity of the latter product requires that at least one of the factors is smooth
over ¢ uy. We distinguish two cases.

I. The case when w!? is smooth. Then there are three cases.

(i) wl = @(n,) ] ~ «1 with #(m,) =7 (and  is even),

(ii) wl = @(n, )l 5 ~ w7 with #(m) =7 (and  is odd),

(iif) @l = «(2,) +3 = wl “H [l 7 with #(2,) =+ (and  is odd).

They give rise to the cases in §8 (Conj. 8.5.1) and §9 (Conj. 9.10.1 (i)). In §9 (cf. §9.9 and Conj. 9.10.1,
(ii), (iil)) we also have refinements of the case (iii) taking into account the individual summands in the
disjoint union appearing in (iii).

II. The case when m[“i; is smooth. Then there are two cases.

(i) m[ﬂ]“.' ~ L.., (when = is even),

(ii) “[ﬁ]r:. ~ f.,f'], (when  is odd).
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They give rise to the cases in §10 (Conj. 10.6.1) and §11 (Conj. 11.5.1).

We conjecture that the formal scheme @ in (1.7.1) is flat over ¢ i in all cases. In the cases we can
prove this conjecture, this is done by relating @, to RZ spaces, cf. Theorems 8.1.2 and 9.1.2 in the cases
L., (i) and (ii), and Theorem 11.1.2 in the case II., (ii) (the latter proof being based on the work of H. Yao
[45]).

The correspondence obtained from (1.7.1) is related to the large correspondence

[#] [#,2]

X85

PN

Al gl BZIBN

AN

Indeed, taking fiber products, (1.7.2) leads to the following diagram:

= K [m]

/]/\

[K]C—> ¢

The cartesian square diagram appearing here coincides with the cartesian square in (1.7.1). This in turn
leads to the linking diagram:

N (1.73)

1.8. The small correspondence. Let us consider the small correspondence

)¢ s it m[ﬂ--

The small correspondence leads us (by taking fiber products) to the linking diagram:

w72l

AN

1] o el

A small correspondence is always a closed formal subscheme of the corresponding big correspondence.
Sometimes they coincide (for suitable indices #, £), see Theorems 8.1.2 and 9.1.2 and 11.1.2. But often
these two correspondences are different and lead to genuinely different ATC statements. For example,

we arrive in this way at Conjecture 10.4.1.
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1.9. The generic fiber. Note that in the generic fiber, the small correspondence (1.8.1) induces a
correspondence in the RZ tower of the form

SN

Fleel 7% s a quasi-parahoric in )(°)(a,), containing the corresponding parahoric sub-

in which »
group with index one or two. In other words, the small correspondence is a natural integral model of
the correspondence (1.9.1) in the RZ tower of &,

This is no longer true for the generic fiber of the linking diagram (1.7.3) in the large correspondence,
unless the large and the small correspondences coincide. In this case, the generic fiber of @ is not always
a member of an RZ tower, comp. Remarks 9.7.1 and 10.2.3. We note that in the situation of [21], a
similar phenomenon occurs. Indeed, let us compare the correspondences in the present paper with those
in [21].

When &/, is unramified (as in [21]), in order that the ambient space il =l

X @ . be regular, only the
cases # = 7+ and &£ = * are relevant. If # = and & is even, then the generic fiber of @ is the member

Slee) of the RZ tower corresponding to the open compact subgroup el - )(-° ) (&) equal to the

parahoric A 1 f =+ and & is odd, the generic fiber of B, is again a member of the RZ tower but
;[f"'“] is a non-parahoric. In either case @ is given by the formal scheme 7 of [21, §3.5]. If & = + and
# is odd, then the generic fiber of @ is the member Sle.e] of the RZ tower for ;[f’i] = A= In this

case @, is given by ;[ﬂ, cf. [21, §3.10]. If £ = * and # is even # ¥, then the generic fiber of @; = fim is

not a member of the RZ tower of m[é], cf. [21, §3.10] (but the generic fiber of its closed formal subscheme
~#l+ .
N is).

1.10. Test functions and the lattice models. To determine the correct test functions #, we consider
the lattice models of the RZ spaces in play, motivated by the global aspects of the conjectures. To explain
this, we temporarily let a/a, be a CM extension of a totally real field; we refer to [33] for unexplained
notation. Consider the integral model @« of the Shimura variety associated to a variant of the unitary
group ¢ . (now over a global field) with level # C ¢ (@), and the arithmetic diagonal cycle &,. For
a bi-#-invariant » € ©* (¢  (m,)), the global arithmetic Gan—-Gross—Prasad conjecture [47, 33] concerns
the arithmetic intersection pairing of Gillet—Soulé on the arithmetic Chow groups of 4,
o(w) = (;()’,;” 7,))

It decomposes into a sum of local terms @, () given by intersection numbers at all places of the reflex
field above the given place # of a-. Via a non-archimedean uniformization, the local intersection numbers
are in turn related to intersection numbers on the relevant RZ spaces studied in this paper. We may
transport our local construction of our cycles on RZ spaces to the global integral model ¥ and we can find
the test function by considering the generic fiber of «. Since the Hecke action on the generic fiber is
defined through the change of level structures involving Tate modules, it can be detected by considering
a lattice model within a fixed rational Tate module.

[o] [o]

For example, the lattice model of %™, is &, defined as the set of vertex lattices % of type w in a

)

hermitian space * of dimension = and Hasse invariant ». We then translate the construction of the
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naive correspondences to the setting of lattice models. We construct a function # (the test function)
with the characterizing property that the naive (set theoretical) intersection number on the lattice model
is equal to a suitable orbital integral of this function, comp. §8.3, 9.2, 9.7, 10.2, 11.2. This function is
then used to formulate the AT conjecture.

1.11. Acknowledgements. We thank Andreas Mihatsch for helpful discussions. Y. Luo and M.
Rapoport thank the departments of Mathematics at MIT and Zhejiang University for their hospitality
when part of this work was done. W. Zhang was supported by NSF grant DMS 2401548 and a Simons

Investigator grant.
1.12. Notation.

1.12.1. General notation. We let a/a. be a quadratic extension of finite extensions of s, (« # %), with
corresponding ring extension u, /%, . We denote the residue field of 4, by ® and write @ = o for a fixed

algebraic closure. We write ~ = for the corresponding quadratic character of &7, and 49 : 4™ — &7

A/A

for the norm character.
For an algebraic variety = over a., we write *(7) for «* (= (&+)).

1.12.2. Flat closure and flat fiber product. Let = be a formal scheme locally of finite type over a complete
discrete valuation ring % with uniformizer «. We define the flat closure =™ C 7 to be the closed formal
subscheme defined by the ideal sheaf «.[%*] C «. (w-power torsion elements of the structure sheaf).
Then =¥ satisfies the following universal property: for any formal scheme .z locally of finite type and flat
over ¢ %, a morphism .z — = factors through =™,

Let (/¢ %) be the category of formal schemes locally of finite type over ¢ % and let (%/¢ %) be the
full subcategory of w-flat formal schemes, and let = : (x/¢ %) < (/¢ %) be the inclusion. Then the
universal property can be reinterpreted by the adjunction property

v (0 (7)), %) = on(7,77).

Therefore, the flat closure preserves limits. Let 7, .z, ® be flat ¢ u-schemes, with morphisms = — © and
2 — ©. We define the flat fiber product by the following cartesian product in (&/%4),

(2 Xe @)Y —— .2

l l (1.12.1)

O —— .
2. THE SETTING

Let « be an odd prime number. Let a/a, be a quadratic extension of «-adic local fields. We denote
by « the number of elements in the residue field of & .

We fix uniformizers ., % of a, and a respectively, such that =, = «* (resp. =%, = =) when a/a
is ramified (resp. unramified). Denote by T +— T the action of the nontrivial element in «*(a/a-). We

fix an extension of + = : &7 — {£&} to a character =~ : ¥ — @*, as follows. When a/a, is

FY7S

ramified, we require ~ to factor through the unique non-trivial quadratic character of ®*. There

[0,x
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are two choices of such extensions depending on the choice of the value = (%) (a number such that
T(w)* =7 (—2%) = (—&)). When a/a, is unramified, we simply take = (1) = (—&)*("
Let > &. Let
ay) = (&) X 4u(a). (2.0.1)
For a a/a--hermitian space - of dimension = + &, fix » € = a non-isotropic vector (the special vector),
and let > = (2). Set

¢ =" x0 (2.0.2)
and » = ° with the diagonal embedding of »° into ¢ . We have the notion of regular semi-simple
element @ € (&), resp. % € ¢ (&), as well as the notion of matching © < 1 for regular semi-

simple elements, comp. [31, §2]. These notions are with respect to the action of » X » on « , resp., of
Wow = xwl =g (0 ) x (0 x 0 ya)onig e (0 x 45). Tt is important to note that the latter
action is arranged after the choice of » €

We let ., 5 denote the two isomorphism classes of a/a--hermitian spaces of dimension ~ + &. For
» € ¢ (&) and for a function w € z*(¢ ), we introduce the orbit integral

“[(‘., '-.-‘) = / "."(ﬁ;:.:\.-ﬁx)gﬁ;. 2.
() X (ay)

Here on »(a-) X » (&) we take a product measure of identical Haar measure on » (& ).
For @ € ¢' (&), for a function %' € z*(¢’), and for a complex parameter & € €, we use the notation
®@(#,%', &) for the weighted orbital integral

2(e¥,2)i=a(0): | Yoo,

.
(ﬁ") 5ﬁ; R,

where:
e | | denotes the normalized absolute value on a.
e We use fixed Haar measures on » (a.) and »%(a,) and the product Haar measure on »% . (&) =
»". (&) X ¥ (4, ) and set
(22) == (@23) ~(@2)) ™% for ny=(z3,2) € », (&) =" —s(a) x © (&),

o % : (&) — @ is a transfer factor, see [31, §5]. We will take the following explicit transfer factor:

where for @ = (2,9,) € (&), we set & = 2(2) = (22%2,)(92%2,) € + (&), and where o =
(v, - ,7, %) €a is the column vector.

We further define the special values for a regular semi-simple element @ € ¢’(a. ),

-
sl ﬂ:( 8.
!

The integral defining ®(#, %', &) is absolutely convergent, and @(:,%’) has the transformation property

o(zw) =@(e,w | ¥) and O®(s,¥) =

ﬂ:(ﬁ_ - Raes ""J) = ﬂ{( 7.""/> for (ﬁ;, ﬁx) € LA x("*) = ”i‘.(‘) X ”ﬁc(‘)

o

Definition 2.0.1. A function »' € z*(¢’) and a pair of functions (w-,w;) € z*(¢ ) x 2°(¢ ) are
transfers of each other (for the fixed choices of Haar measures, our fixed choice of transfer factor, and a
fixed choice of special vectors » in - ), if for each = € {¥, &} and each & € ¢ (&),

o(h,w,) =o(e,v)
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whenever @ € ¢’ (&), matches .

Note that this notion depends on the choices of the transfer factor and the Haar measures. But the
truth of the AFL and AT conjecture is independent of these choices.

3. THE AFL CONJECTURE

In this section, we recall the statement of the AFL conjecture, now a theorem. We assume that &/a
is unramified. In this section, we denote by the split hermitian space of dimension =+ & and by
. the non-split space. We also assume that the special vector »; € ; has norm a unit in 4.,. Under
these unramifiedness hypotheses, we have the AFL conjecture. Before stating it, we recall the following
theorem on the Jacquet—Rallis FL.

Theorem 3.0.1. ([46, 4, 49]) Fiz a special vector =, € - of the same length as 2, so that the notion

o)
of transfer between functions ' € w*(¢’) and pairs of functions (b, %) € w*(¢ ) xw® (¢ ) is defined.
Then the function ®. (,)x

selfdual lattice in ., resp.

) s a transfer of (® Here #°, resp. #-., is the stabilizer of a

+a( A2 x o0 ).

In the statement above, the Haar measures on », (&) and »(a.) are normalized in such a way that
the canonical maximal compact subgroup gets volume one. In particular, if © € /(4 ). is matched with
the element ) € ¢ _ (&), we have

’;( ’. (‘A)X +:-( '4)) =

This vanishing of the orbital integral motivates considering its derivative. The AFL conjecture is the
following statement.

Theorem 3.0.2. Let @ € ¢/ (& ). be matched to the element 1. € ¢ (& )s. Then

- < 5 >:8F”( @ i (wa)x (“))'

To define the LHS, we need to introduce certain RZ-spaces. Let % be the RZ-space over ¢ uy
parametrizing tuples (=, ., ,4), where = is a strict formal %, -module, where : u, — &(7) is an
action of u, which satisfies the Kottwitz condition of signature (&, — &), where  is a compatible
principal polarization, and where 4 is a framing with framing object (& , o , o ). To be precise, set

@; = @, the unique such triple for = = &, and define inductively

where @ is the same as @ but with the conjugate action of u,. We take @ as the framing object for # .
For ease of notation, we set » =@ and @ =@ 1, =% x @. Let w C % x @ . denote the graph of the
closed embedding

CR, W 4, I I X -. (302)

In this case, both +; and % are non-split, and ) (&) = +°(&@) acts on & 5 and 2’ (&a,) = +°(#)
acts on @ . Hence 1 € ¢ _ (&) acts on @ x @ o5, and .« denotes the translate under » of . Finally,
(%, 1%) := # (g @F @) - Dt (3.0.3)

Since & Xx# 4, is aregular formal scheme, the complex appearing in (3.0.3) is perfect. For 1. € ¢ _ (&)=,
the quantity on the right is finite, cf. [26, proof of Lem. 6.1]
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The conjecture is known (by global methods) (W. Zhang [49], A. Mihatsch and W. Zhang [27], Z.
Zhang [50]). It is also known (by local methods) when = = &,% (W. Zhang [47], Mihatsch [24]) and
when 1. is minuscule (Rapoport-Terstiege-Zhang/He-Li-Zhu [35, 12]).

4. HERMITIAN %4-MODULES FOR THE RAMIFIED QUADRATIC CASE

From now on we assume that a/a- is a ramified quadratic extension. In this case, we know fewer
RZ-spaces that are formally smooth, or with semi-stable reduction. More precisely, of the first kind
we only have the case of exotic smoothness. This occurs for the w-modular even case and the almost
w-modular odd case and in no other case. There are no other RZ spaces with semi-stable reduction
([13]). But there are RZ-spaces which have “Kramer-style” blowings-up which are semi-stable: these are

attached to a vertex lattice.

4.1. Parahoric subgroups for ramified unitary groups. Let a/a, be a ramified quadratic extension
of w-adic fields (» > %) with uniformizers « and =, resp., such that «* = «.

Let (€, ¢) be a a/a--Hermitian space of dimension . We have associated a.-bilinear forms,

. .

(r,.@) = :':/n/n (:(v, @), (v,€) = :L/n/. (% e (1,4€)).

The form (-,-) is symmetric, while (-, -) is alternating.

For any u,-lattice & in €, we set
VW={ree| (s N) Cuat={s €| (s ) Cuslt

The lattice % is called a vertex lattice if

W CNCN.
We call the dimension #, %Y /N the type of the vertex lattice and denote it by w(%). Note that this
integer is always even and satisfies v <& < =%~ Let ® = [ /%]. We will fix a maximal chain of
vertex lattices, and enumerate the lattices by their type,

Neo Chxo s C ... TNy =N, w(N) =

Note that when = is even and (g, ¢) is non-split, the w-modular lattice Ny, is missing. However, we will
still index the lattices as {*®,...,%, v} to simplify notation. We extend the maximal chain of vertex
lattices into a polarized chain of lattices, see [36, Ch. 3].

For each non-empty subset = = {w,..., w0} C {#®,...,% ¥}, ordering the elements as wa; > ayx >

... > ap, we have a sub-chain

(ST S P ol S ol S ol S R ol S (4.1.1)

This extends periodically to a polarized chain of lattices. If = = {=}, resp. = = {2,w}, we will use the
notation %}, resp. %, ,j for this sub-chain, or for its periodic extension.
Consider the subgroup
M ={reoe)a)]| s =8, V.o eul

If = = {w}, we also write # = sl

surjective homomorphism called the Kottwitz map,

. It is a quasi-parahoric subgroup of )(€). There is a functorial

:0(e) = % (0(€))l = m/*m.

We define the subgroup # ° = # N . .. We have the following:
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Proposition 4.1.1 ([30]). (i) The groups » *° are parahoric subgroups of (&, ).

(ii) When = = %@ + & is odd, the subgroups # # » *° are never parahoric, and the Kottwitz homomor-
phism induces an isomorphism # /» ° ~ {+&}.

(iii) When = = %@ is even, we have # = # ° if and only if = € .. Otherwise, we have » /5 ° ~
{£&}. O
(iv) When = = %@ is even and = — % € -, we have # *° = 5 Uihe,

4.2. The strengthened spin condition. The strengthened spin condition, introduced by Smithling
[39], builds upon the spin condition proposed by Pappas and Rapoport [29], which is used to construct
a moduli functor for ramified unitary local models and RZ spaces. In this section, we provide a brief
overview of the definition of the strengthened spin condition, comp. [22].

We keep the notation as in the previous subsection. Define the % -dimensional a-vector space

S =€ R4, d,

where & acts on the right tensor factor. The -th wedge power & := A, ®% admits a canonical decom-
position
. = EB T (4.2.1)

Fte=
oe{+a}

which is described in [39, §2.5]. Let us briefly review it, with the same notation convention as in [31].
The operator %« ® & acts a-linearly on & with eigenvalue £ let

=8 @ g_“\

be the corresponding eigenspace decomposition. For a partition # 4 & = | define

P e
sht .— /\ $. Qu /\ 5.,
a a

which is naturally a subspace of ®. Furthermore, the symmetric form (-, -) splits after base change from
¢ to &, and therefore there is a decomposition

s="8,d 's_;

as a “((+,-))(a)-representation. The subspaces %4 have the property that for any Lagrangian subspace
B C %, the line )\ 8@ C % is contained in one of them, and in this way they distinguish the two connected
components of the orthogonal Grassmannian 2( , %) over € 4. The subspaces % are canonical up to
labeling, and we will follow the labeling conventions in [39] to which we refer the reader for details. The

summands in the decomposition (4.2.1) are then given by

e 7.
sg” = 87°N ‘sg

as intersection in ® for @€ {£&}.
Given an u4-lattice & C €, define

N = /\(\®,‘ 1a),

which is naturally a lattice in ®. For fixed #, £, and @, define

N YA (4.2.2)
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as intersection in ®. Then \é* is a direct summand of . For an %4-scheme *, define

Wa(x) =0 [ NG B m = N By, o] (4.2.3)
Let « C v ®,, «. be a « -direct summand of « ,-rank . We say that - satisfies the strengthened spin
condition if the line bundle

N=cC ve., (4.2.4)

is contained in w__%*(+).

4.3. Strict %, -modules. In this subsection, we briefly review the theory of strict %, -modules. For
more details, see [26, 19, 23]. Assume % # % throughout, recall that a./». is an extension of “-adic
field with a fixed uniformizer %, € %, . Assume the residue field of %, is a finite field of order . Let

be an ¢ u, -scheme. A strict u, -module = over + is a pair (7, ) where = is a w-divisible group over

and . : u, — &(7) an action such that w, acts on = () via the structure morphism u, — «.. A
strict %4 -module is called formal if the underlying «-divisible group is a formal group. By Ahsendorf-
Cheng-Zink [1], there is an equivalence of categories between the category of strict formal %, -modules
over + and the category of nilpotent %, -displays over +. To any strict formal %, -module, there is also
an associated crystal e~ on the category of u, -pd-thickenings. We define the (covariant relative) de

Rham homology ¥(7) := @« (). There is a short exact sequence of «,-modules:
5 o(m) > 5(m) = =(2) =

where « (=) C ¥(7) is the Hodge filtration. The (relative) Grothendieck-Messing theory states that the
deformations of = along %, -pd-thickenings are in bijection with liftings of the Hodge filtration.

We will restrict to the case when = = (=, ) is biformal, see [26, Defn. 11.9] for the definition. For
a biformal strict w, -module =, we can define the (relative) dual =" of =, and hence the (relative)

polarization and the (relative) height. It follows from the definition that there is a perfect pairing
v(m) x y(=Y) —

such that « (=) C ¥(=) and «(=") are orthogonal complements to each other.
When + = ¢ ¢ is perfect, a nilpotent u,_-display is equivalent to a relative Dieudonne module #(= ) over
.. (®) with the action of a #-linear operator a and a #~*-linear operator £ such that Ac = ca = *.@.

4.4. Hermitian %, -modules.

Definition 4.4.1. Let » be a formal scheme over ( 05

(i) A hermitian wuz-module of type = and dimension ~ over * is a triple (=, ., .) consisting of a strict

biformal %, -module 7 of height and dimension = over *, a homomorphism
i — @ (k )7

and a relative polarization

subject to the following constraints:

; and

@)

e the Rosati involution on & (=) attached to . induces the nontrivial Galois automorphism on «

° - C [« (%)] has height «*.
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-

(ii) A hermitian %z-module is of signature (&, — &) if the ug-action satisfies the strengthened spin
condition: if = > & is even and « = , then the condition states that the operator .. (%) 4+ % acts on
«r with the image ©( . (%) + %) a locally direct summand of == of «,-rank &'. In general, denote by
2(7) and (=) the respective de Rham homology of = and =". Since is contained in = [ (%)] and

\

of rank «*, there is a unique (necessarily %4-linear) isogeny such that the composite

e S’ 2
is (%), and the induced diagram
y(m) == y(@Y) = y(a)

then extends periodically to a polarized chain of u, ®.,, «.-modules of type w[,], comp. (4.1.1). By [36,
Th. 3.16], étale-locally on * there exists an isomorphism of polarized chains

\% \%

o ae) S () ] S g @, e
which in particular gives an isomorphism of u; ®,, «,-modules
U(m) =N, R, @ (4.4.1)

The strengthened spin condition we impose is that upon identifying - (=) with a submodule of ., ®.,,
via (4.4.1), it satisfies the strengthened spin condition (4.2.3), i.e., the line bundle \_ (=) is contained
in v, ot (%).

—dny o

Remarks 4.4.2. Let us make a few remarks on the definition.

(i) The Rosati condition on = . is equivalent to requiring that . is u,-linear, where %, acts on the dual

=V via the rule

(ii) For general w, we do not impose the strengthened spin condition on =" because it is automatic, cf.
[22, Prop. 2.4.3].

(iii) When = is even and « = , the strengthened spin condition we impose here is equivalent to the
combination of the Kottwitz condition, the wedge condition, and the spin condition in [31, §6], see [31,
Rem. 6.1].

(iv) When «w = v, the strengthened spin condition can be replaced by the following two conditions:

e (Kottwitz condition) For the action of %4 on == induced by ., there is an equality of polynomials

(ca(®) [ =(m) = (@ —%)(@+ %) ™% € w,l0];
() =

(v) In the remaining cases, the strengthened spin condition implies the Kottwitz condition and the wedge
condition, see [22, Rem. 2.4.2].

o (Wedge condition) \* (o (%)++

IThis is just a reformulation of the spin condition in [31, §3.1]
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5. UNITARY RZ SPACES

5.1. Framing objects. In this section we consider hermitian %z-modules of signature (&, — &) over
¢ @. This subsection continues the discussion in [31, 32].

Let (@, g, g) be an isoclinic hermitian %z-module of signature (&,%). The deformation space is
isomorphic to ¢ %y and there is a unique lifting (the canonical lifting) « of the hermitian %4-module.

Define @ to be the same %, -module as @ but with %4-action given by . g := go (—), where (—) is the
Galois conjugation with respect to a/a., and = g:= g, and similarly define . and = —.
Let (_M, I, 1) be a hermitian %4-module of signature (&, — &) and type -« over € @ called the

framing object of dimension . In this paper, we will require it to be isoclinic throughout. We define the
space of special quasi-homomorphisms

x = x@)—e3 @a). (5.1.1)

Then # is an -dimensional a-vector space. It carries a natural nondegenerate a/a--hermitian form =:
for T,& € & , the composite

= @ s ™=V @
g5 e sg' g

lies in @, (@) and, hence, identifies with an element 2 (T, &) € a via the isomorphism
34— e (@)
We have the following result:
L]

Theorem 5.1.1. (i) When  is odd, there are two non-isomorphic framing objects &, where » = +&.

[#]

The Hasse invariant of (&) is —7.

[w]

(ii) When  is even and ¥ < = < . — %, there are two non-isomorphic framing objects &, where

# = *&. The Hasse invariant of (_[:],) is —7.
(iii) When  is even and - = , up to isomorphism there is only one framing object ..[ I, Then J:(..[ ])
s non-split.

In the sequel, we use the notation » (@) = —~(x(a)). We will prove Theorem 5.1.1 in the end of this
subsection.

Denote by ® = #(a) the relative covariant Dieudonné module of the framing object . It is endowed
with its Frobenius operator 4 and Verschiebung ¢ such that 4 og =€ o &4 = %-. The polarization on &

translates to an alternating form (-,-) on @ satisfying
(aT, @) = (T,c&)” forall T, c ®,

where # denotes the Frobenius operator on -, (&) = %, . The u,-action on = translates to an u4-action

on & commuting with a4 and € and satisfying
(o7, @) = (7, 9&)
for all 1,& € ®.

Lemma 5.1.2. Let = := (%) be the induced action of « on #.

(i) Assume that = is even and - = . Then the strengthened spin condition is equivalent to

&
L2 C L2+ .
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(ii) Assume = # . Then the strengthened spin condition is equivalent to
<&
c® C a8+ s,
Proof. Recall that we have the identification = (=) = #/£#. The case (i) is proved in [31, Prop. 3.10].
For case (ii), by [16, Prop. 2.4], over geometric points, the strengthened spin condition is equivalent to
the Kottwitz condition plus the wedge condition; the assertion now follows from the definitions. ]

Denote by « = & ®,. A the relative rational Dieudonné module of @. Then (-,-) extends to a
nondegenerate alternating form on <. The classification of framing objects up to quasi-isogeny reduces
to classifying such polarized isocrystals with a-action (in the relative sense).

Fix an element + € 'E such that #(#) = —#. Then # is an -dimensional a-hermitian space equipped

with the hermitian form 2 defined? by:
2(7, &) = *((oT, &) + (7, &)).

We can use the relation
(v, @) = —mg 5 (v (T, )

to recover (-, ).
Since « is supersingular, all slopes of the #-linear operator

L=l t oo

are r. Hence,

is an &--subspace of # such that

IRy, dy — (5.1.2)
and in this way @, ® # identifies with ¢. Furthermore, z is a-stable, and the restriction of 2 to z makes
Z into a non-degenerate a/a--hermitian space of dimension

By choosing a generator of the relative Dieudonné module of @, we have an isomorphism

2

(@)=e,@a) >z (5.1.3)

We refer the reader to [18, Lem. 3.9] and [37, Lem. 3.6] for its construction and proof. We fix this
isomorphism once and for all, and use it throughout the paper.

Clearly, to classify # up to isomorphism as a polarized isocrystal with a-action is to classify = up to
similarity as hermitian space. It remains to construct those spaces. We begin by recalling the following
proposition.

Proposition 5.1.3. Let « € u} \ #(uz).

(i) When = = & and - =, then, up to quasi-isogeny, there are two framing objects,
(-E‘.,}—;? _[ ]7\) _E ]7_) = (i7 a i)7 and (-L,};.) _[_ ]\7 _[_ ]‘) = (iu @ i)
(ii)) When =~ =% and « = v, then, up to quasi-isogeny, there exist two framing objects,

CINY s ), and @, s )

o0 oo Pt

sy e

2The factor * is necessary to descend the hermitian form to Z. In [31], the operator L is defined in a different way,
which explains why # is missing in [31, §3.3].
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(iii) For = even and - = , up to quasi-isogeny, there exists a unique framing object (_[ ], L1,% 1)

In this case, the hermitian space x(..[ ]) s non-split.

Proof. (i)(iii) are proved in [31, §3], and (ii) is proved in [32, §§] O
Proof of Theorem 5.1.1. We construct the required framing objects by induction. The assertion is al-
ready established for =~ = & and % by Proposition 5.1.3. Now, assume that the assertion holds for
e Suppose  — & is even. Then we have constructed framing objects
"'[.l:-,i:- forall vy <w< —, and ..[ ::L
Define
@&"l, gl gk ) = (&, xa, M Xmig, X )

It is straightforward to verify they are the hermitian %,-modules by Lemma 5.1.2 and Proposition 5.1.3(i).
[ —

)

Therefore, these form the desired framing objects. To complete this step, it remains to construct &
It is

(-[ 7:,:':], L—aly S (—a]) 1= (-[ ,Z:'], (=2l ).

- R -[

e Suppose  — & is odd. In this case, we have constructed framing objects

-[‘.l:”:t:., for all <a< —

Define
(-[‘,];7 [o] 5 [w] ) = (-[‘l.‘.,f X iv [w] X gl X i)'
= = - -5, -,

It is straightforward to verify that they are the hermitian %4-modules by Lemma 5.1.2 and Proposition

(]

5.1.3(i). Therefore, these form the desired framing objects. Finally, @' ; is already constructed in

Proposition 5.1.3(iii), which completes the proof. O
5.2. RZ spaces. For » a scheme over ¢ w3, let % := € «, /%« .. Let (_["}/, ., [« ) be the framing
object constructed in Theorem 5.1.1, it is a supersingular hermitian ..—modulé of siénature (&, ' — &)

and type = over ¢ .
[]

We define the unitary RZ space %', over ¢ wy as the formal scheme parametrizing isomorphism classes

of quadruples (7, .+, ., 4.), where
e (7, ., .)is a hermitian u,-module of signature (&, — &) and type = over +;
[#]

e 4., called the framing with framing object (&, (., (. ), is an ug-linear quasi-isogeny of height

[»]

Ao il X,k —> @ Xg *,
such that 4*(" ) Xg*) = » X. &
Here an isomorphism between quadruples (=, ., «, 4.) — (.2, ., ., A.) is an u,-linear isomorphism
of hermitian % -modules « : = = .z over » such that we have 4. o (- x, %) = 4. and such that

¢F(m,0) =

The RZ spaces m["], considered here are all flat, see Theorem 5.3.1 for more properties.

Remarks 5.2.1. Let us make some remarks about the RZ spaces in small dimensions.
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(i) When = = % and -« =, we only need to impose the Kottwitz condition to achieve flatness, see [28,
p. 596-7]. Furthermore, the characteristic polynomial equals (@ — «)(® + «) = * — «... Hence the RZ
space il }, can be defined over ¢ %z . When » = &, this model is isomorphic to ¢ uy [[=,.7]]/(7.2 — «..).
When » = —§&, this model is given by the formal Drinfeld halfplane attached to a-.. In either case, this
model has semi-stable reduction over % , see [32, Rem. 7.9 and §8]. It is thus regular. In [32, §13] an
Arithmetic Transfer conjecture for this model is formulated (and proved). Note that the base change of
this model to ¢ w3 is not regular. Therefore the conjecture in [32] is genuinely different from the one

discussed here, which pertains to our space over «;.

(ii) When = = % and « = % (in which case » = &), we only need to impose the Kottwitz condition and

the spin condition defined in [29, §7, esp. (7.10)], to achieve flatness, see also [32, Ex. 6.5]. The model
[#]

%, is smooth. Again, it can be defined over ¢ %3 , but we only consider the model over «;.

(iii) When = = # and = = *, we only need to impose the Kottwitz condition, see [28, 4.5, 4.15] or [29,
§6].
(iv) When = = # and = = %, we need to impose the strengthened spin condition and the RZ space is

smooth over € uy, see [29, §6].

[o]

For = > &, denote by 1 — 1" the Rosati involution on ¢°, (=",) induced by .. Define

(@) = 0@, [.]>:={a‘e-°_<-[tl> | nnf = }

e -

By (5.1.2), we see that )(..['i,) is a genuine unitary group, with Hasse invariant —». Each 1. in the group

[«]

)(_[‘},), which is a quasi-isogeny of _[‘7], to itself of height *, and therefore, )(<™,) acts naturally on

m[',,, on the left via the rule

Remark 5.2.2. Using Proposition 5.1.3, there exists an isomorphism

N @ e ) (-["]( yoriighl g )

ITd = 7/

Therefore, we can define the following isomorphism:

*:A[.TL%A[‘}()/” (~7 ) ’7")'—>(_7 W) /7\OA»), (521)

)

Furthermore, the map

neo@h) — @

["’] ) ) = NoLOoNT"
is an isomorphism. From the definition, we see that «, is compatible with the isomorphism .

In particular, when = is odd, there are two non-isomorphic framing objects, but the corresponding
RZ spaces are isomorphic. We cannot give an explicit description for #,, since the isomorphism % is not

explicit (it only exists by the equality of Hasse invariants).

5.3. Geometry of RZ space. In this subsection, we study some basic geometric structure of RZ spaces.
Recall that in §5.1, we defined z := =#*=*. By restricting the hermitian form on =, it is a hermitian

space over 4. We have an isomorphism 2 ~ x and we can recover « as # ~ Z @, a.
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When « # , by computation on Dieudonné modules, the geometric points of the RZ space are given
as follows by w:-lattices (cf. [34, Prop. 2.4] and [16, Prop. 3.5]),

- <&
= (@) = {x Co|ea’CaCe’, v, 2Ce2C? c# C (€2+ b4*)}- (5.3.1)
- <&
—{sco|s'cale’, secoi@Cnte 2 C(are@)) (532
When « = , the geometric points of the RZ space are given as follows by u;-lattices (cf. [44, Prop.
sl@={ece|e=2ce’, sece@cae, 2l(@re(e)) (5.3.3)

Suppose «« # , and let &% C Z be any vertex lattice of type . The base change § := N ® .. 1z defines
a lattice in & satisfying
and  £(N) =N\
Such lattice defines a geometric point 4(%) € #*7, (). Conversely, for any lattice ® € m['t}, (@) such
that ¢(#) = #, the t-invariants & := #*=* C =z form a vertex lattice of type w. Therefore, there is a
one-to-one correspondence between vertex lattices of type -« in Z, and ¢-invariant lattices in m["], (@). We
call these points of m["’], (&) the worst points of the RZ space, which explains the chosen notation 4 (%).

The reason for the name “worst point” is the following: recall that we have ¢ := =g~ *. Therefore,

@ = o(®) implies that «# = g¢# C #. Denoting by = the hermitian %,-module corresponding to ®, its
Hodge filtration equals

(*) Cﬂ(")} = [S‘B'/"\ .x.c.a./\; .x.} = [@.x./«; & C.B./~; .a.],

This defines the worst point * of the local model n[']
Definition 7.2.1 for the definition of the local model).
Let /(m[":},) be the disjoint union of all worst points

/(m[":],) = H £(n).

WNYCNCNYCz

alh)—a

associated to the RZ space, comp. [29] (see also

When « = , then, due to the spin condition, there is no %-modular vertex lattice in z, see [31, §3.3].
This corresponds to the fact that the local model in this case does not have a worst point, see [29, Rem.
5.3].

We recall the following facts about the RZ space.

Theorem 5.3.1. (i) The formal scheme m[":], is flat, normal and Cohen-Macaulay.

(i) The formal scheme m["],, is smooth over ¢ (uy) if and only if « = = ora= —&.

(i5i) In all cases, the formal scheme m["], \ r(m[',],) is semi-stable.

Proof. For (i), we refer to [22] (and the literature cited there). For part (ii), the “if” part follows from
[29] and [3]. The “only if” part follows from [22], see also [13]. Part (iii) follows from [16, Cor. 1.3.2]. O

We conclude this subsection with an analysis of = (m['],) While this computation can be approached

through a detailed study of the basic locus (see [34, 44, 16]), such an approach alone is insufficient for our

[#,2]

purposes, since we will later need to consider RZ spaces "’

. Instead, we will use a group-theoretical
approach and reduce the problem to a computation involving affine Deligne-Lusztig varieties (ADLV).
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Recall that (€, ) is a a/a-hermitian space and we have the associated alternating form

.
L] —

(7€) = —Za/a (x7°- (71, @)).

We have the unitary similitude group

=2(g,2) = {n i) | (nT, 1&) = »()(T, &), =(:) € &},

where +: & — 17, is the similitude factor, cf. [29, §1.2]. Recall from [29, 1.b.] the Kottwitz map

5 () — % (@) :{:@./ z :.—F.‘.;

Here the first factor is given by the homomorphism

v (a)——m b — @ (w(%)).

In particular, the action of @ on % (&), is trivial. Recall that &, is the completion of the maximal
unramified extension of &, with & denoting the lifting of Frobenius.
Now let = be a non-empty subset of = = {ws,...,ws} C {#@,...,% 7} and consider the quasi-
parahoric subgroup
o= es(n) C Han).
We define subgroups ©° := < M. .=. We have the following result:

Proposition 5.3.2 ([29]). (i) The groups =° are parahoric subgroups of <.

(ii) When = = %@ is even, then = = 1° if and only if =~ € .. Otherwise, = /° ~{£&}.

(iii) When = = %@+ & is odd, then = = ° for any

(iv) When = = %® and = — % € ., then .° = ST O
We refer the reader to [29, §2.4] for the definition of the minuscule cocharacter =~ = ~;,7 _. and the

admissible set #_o(~). We denote by = and ©° the base change of = and =° to (&), resp. For any
% € (&), we have the generalized ADLV:

@79 = (e F@NE ) € 05
Similarly we define #. (&, ,¥). This is a perfect subscheme of the partial (ramified) Witt vector flag
variety attached to ©°, locally of finite type over @, in the sense of [51] or [5].

[o]

We define the relative unitary similitude RZ space® & ", in the sense of [36], which parameterizes

isomorphism classes of quadruples (7, ., .,4.) similar to §5.2, with the following changes:
e The polarization =, is given up to a scalar in % ;

e The framing map 4. is any %,-linear quasi-isogeny which preserves the polarizations up to a scalar in

X
‘ .
a

Note that an isomorphism between two quadruples is now subjected to the condition that the pull-back
of one polarization coincides with the other polarization up to an % -scalar.

By [31, Rem. 3.6], the height zero part of the relative unitary similitude RZ space (IM,) is our RZ
space m["}, (which is open and closed in XM,)

3The notation ;x[‘,], for the unitary similitude group is used exclusively in this subsection and will not cause confusion

with the = appearing in later sections.
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Proposition 5.3.3. Let [£] € (<, {"}) be the ¥-conjugacy class in &(a) defined by the isocrystal =
of the framing object, comp. [36, §1]. Let ¥ € [¥] be a representative. Let @ := 4"(-[‘,]) C « be the
[]

Dieudonné module of the framing object =,. Then the map

®:7 L) (;7 Na ;) — (I[:]f)"a

defines an isomorphism of perfect schemes between the ADLV and the perfection of the underlying reduced
scheme of the relative unitary similitude RZ space.

Proof. This follows directly from a lattice description of ;['7], (@) similar to (5.3.1), see [44, Prop. 3.7] or
[51, §3.2] for more details. O

The key ingredient is now the following theorem of He-Zhou. Recall that there is an identification of

[¢]

the set of connected components of the affine partial flag variety associated to the parahoric ©°,

~ v

%y (¢ (dy ) /2°) = %a (). (5.3.4)
In [14, §6], He-Zhou define an element (%, ) € w.(¢)., well defined up to the action of the subgroup
%4(<)*, such that the image of = .o (&, , %) equals +(%, ") 4 (va(¢).)*.

Theorem 5.3.4 ([14], Thm. 0.1). The intersection of =.o(<, %) with the connected component of
(&) /2° corresponding to an element in +(%,°) + (va(¢).)* is connected. In particular, after the

choice of an element in the coset (%, ) + (%4(¢).)*, there is an identification
W (e (@, 5, 8)) = (va())". O
The application of this general result in our specific context leads to the following result.

Proposition 5.3.5. For any non-empty subset .. C {v,%,--- %@}, the number of connected components

of m. (¢, , %) is case by case:

o When = = %@+ & is odd, then ., (7. (¢, , %)) = %.(¢). =M, defined by v();

o When =% is even and = € «, then %, (7. (¢, , %)) = %.(¢). =MD ®/*, where the first factor is
defined defined by «(:);

o When = %@ is cven and = ¢ ., then «., (v, (¢, , %)) = ®, defined by &(1.).

Hence =/ (¢, , %) has two connected components if and only if = is even and = € -, and is connected

»

in all other cases. Here = (&, ,%) denotes the height v part of = (&, ,%).

Proof. When ©. = ©°, the assertion follows from Theorem 5.3.4, which is the case unless = = %® is even
and ¢ .. Therefore, we only need to consider the latter case. In this case, we have « (<) =m®@m/*,
with trivial action by #. For any i € =, we have (1) = * and =° is the subgroup of =" where the

second factor of .~ vanishes, comp. [29, discussion below (1.9)].

On the other hand, the affine flag variety «(a-)/2° is isomorphic to the disjoint sum of two copies
of ¢(a)/v., distinguished by the Kottwitz map, comp. [29, §3.2] or [30, §4] (in the last paper, the
positive characteristic affine flag varieties is considered but the proof applies also to the Witt vector
affine flag varieties). By Theorem 5.3.4, the intersection of the ADLV with each connected component
of the affine flag varieties is non-empty, we conclude that = o (&, =, ¥) is the disjoint union of two copies

.

of = (¢, ,%). The assertion follows. O
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Corollary 5.3.6. The RZ space m["’], has two connected components when = = %@ is even and - =

and is connected in all other cases.

Proof. By [31, Rem. 3.6], the RZ space A[":], is the height *r part of the unitary similitude RZ space 7\["},.

The assertion follows from Proposition 5.3.3 and Proposition 5.3.5. Note that we have the following
equality between the height of the framing map and the height of ADLV:

'

2 er(0) = (6 7H@),
see for instance, [43, Lem. 1.5]. O

Remark 5.3.7. The first assertion also follows from [31], and the second assertion follows from [16].
When « = v, connectedness also follows from [34].

Remark 5.3.8. The decomposition
wll = wl bt sl

relates as follows to the Kottwitz map. Let & := -8-(_[ ]) be the relative Dieudonné module of the framing
object and recall that = = @[&/%+] is the rational Dieudonné module. The space = is a a/a.-hermitian

[]

space of dimension . Recall from (5.3.3) the description of the set of geometric points of %' ' in terms
of u;-lattices. Then a geometric point # € sl ](.a.) lies in @l " or =l 1~ according as the u;-length of
the module

(4 m)/@ (5.3.5)

is even or odd, cf. [32, §6]. The parity of this length may also be described as follows. Let 1. € ().
Then the determinant () is a norm one element in &, and hence lies in %3 with reduction mod % equal
to #(1) = £&. For any (=, ., ) corresponding to a «-modular lattice # in =, we can find 1. € )(#) such
that ».@ = ®. Then the length of (5.3.5) is even or odd according as »(}.) is & or —&.

We record the following consequence of the above discussion.

[t o ol )

Proposition 5.3.9. Let € .. There are isomorphisms # ~. More precisely, let 1. € )(_M).

[] []

For » € {£}, the automorphism 3. : %" ' — &' ' restricts to an automorphism

[1re(r)

b . O

Ll

5.4. Splitting model m[‘], Let » be a scheme over ¢ wy. A splitting structure on a hermitian -
module (7, ., .) of dimension = and type w is a pair of two locally « -direct summands of rank
one,

T(m)Ce(m) Cca(n), <T(Y) C (V) Cca(nY),
subject to the following constraints:
e The morphisms between Hodge filtrations induced by the polarization carry the one additional filtration
into the other:

(2T CeT(mY), L ETEY)) S TR

o (Krdamer condition) if =~ > & is even and « = , then the condition states that « (=) = (. (%) —%)=(7).
In general, it requires
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Remark 5.4.1. The strengthened spin condition is part of the definition of a hermitian %4-module of
signature (&, — &) and type w, cf. Definition 4.4.1. In fact, the existence of the filtrations - (=) and

"(=V) with the above conditions implies the strengthened spin condition, cf. [15, Thm. 1.4.1].
Fix a framing object (..['7],,, Wy ). We define the naive splitting model #

-

[‘]7

e .
., over ( uy parametriz-

ing the collection of data

where (7, ., ,«"(7), ~"(=")) is a hermitian %,-module of of signature (&, —&) and type = with splitting
structure, and where 4 is a framing with the fixed framing object. We define the splitting model m[":},“

over ¢ uy as the flat closure of m["];o.

Remarks 5.4.2. (i) In the «-modular case, the splitting structure on a hermitian %,-module is uniquely

determined if the spin condition is satisfied, see Definition 4.4.1(ii) and Remark 4.4.2(iii). Therefore, the
[]e

y=

are isomorphic to the RZ space il

[+l

&y

naive splitting model # and the splitting model |

(ii) As one sees from the moduli description, the naive splitting model #
], [r]

%, are both isomorphic to the RZ space # °,.

and the splitting model

(iii) In the remaining cases, the splitting structure is uniquely determined outside the worst points. In

[w], 2

fact, the splitting model #'72" is the blow-up of the RZ space in the worst points, cf. [15, Thm. 1.3.1].
We summarize some geometric properties of the splitting model:

Theorem 5.4.3 ([15]). (i) All splitting models m[',];’ are flat and semi-stable;

(ii) The splitting model m[':];’ is smooth if and only if -« = , in which case wl b ]

Proof. Part (i) follows from [15, Thm. 1.3.1. (i) and Rem. 1.3.4.]. Part (ii) follows from Thm. 1.3.1.(ii)
of loc.cit. O

When «w # , we denote by = := «.~*(#) the preimage of the worst points along the natural projection
R P [«]
WIET) o ®

5.5. Rapoport—Zink spaces of deeper parahoric level. Let + < < & < = be even integers and
let » € {£&}. Let _[".’,], (resp. _[":],) be the framing hermitian u4-modules of m[f}, (resp. m['],) Fix an

1a-linear isogeny - : ..[j] — ..[,'] compatible with polarizations such that . « C ..[f} [+.] and has degree
..... (2—=)/%,
Consider the functor sending a ¢ %j;-scheme to the set of isomorphism classes of tuples

(v [:.], [.z]’ [:.]’ A[LL - [’-]7 ['-]’ H, 4[’-])7 where

CRRER) H,AH)EA[]( ), €{s,a},

such that (al*))=%o0: oaltl: vl x & — =l % 7 lifts to an isogeny = : =[*] — =[*]. Note that if - exists

then it is unique and = C = [*l [++] and has degree (£==)/*  This functor is represented by a formal

[

scheme # "",’;] known as the (relative) unitary Rapoport—Zink space of parahoric level. The Rapoport—Zink

[:‘7"]

space @ " is formally locally of finite type, of relative dimension = — &. In general, it is not regular but
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it is always flat [22]. By definition there are natural projections

(2]

L and =

[«]

The isogeny = induces an identification of the rational (relative) Dieudonné modules of = L

as hermitian spaces. Their common value will be denoted by .
Recall the assumption that £ > «=. When & # | by computation on Dieudonné modules, the geometric

points of the RZ space m[f;'] are given as follows by w;-lattices:

<&
) @) = {% Ce,Co|a@/Ca CaY,wa Ce™™@ )Co 2 & C (2 +2(2)), :&,.}.

When = = %@ is even and & = , we have a similar description for the geometric points mh"}, except

that the last condition for & =  is replaced by
2 C(2 +22))
Similarly to the discussion in §5.3, we have:

Proposition 5.5.1. Let & > . The RZ space m[f;] has two connected components when = = %@ is

even and & = , and is connected in all other cases.

Proof. We define #7145 the relative unitary similitude RZ space. Let @!* C @ be the relative
Dieudonné module of the framing objects, then the map

ving @ 0H — @G o @ cab),

e

defines an isomorphism between the ADLV and the underlying reduced scheme of the relative unitary

similitude RZ space as perfect schemes. The assertion now follows from Proposition 5.3.5. [l
By [11], the morphism sl o oall g surjective on geometric points, and we define al*hE as the

preimage of wl

Proposition 5.5.2. Let = = %® be an even integer and let & = . There are isomorphisms wloebt o

m[ "‘L [ 7"]

~. More precisely, let 1. € )(_[ ]). For » € {£&}, the automorphism 1. : R restricts to
an isomorphism

[ 7"‘}7 [ 7"‘}»"’/( )

7
— w

[ 7"‘]

Proof. The projection # ol )(_[ })—equivariant, hence we can reduce to Proposition 5.3.9. [

Remark 5.5.3. When == %@ is even, we will also have occasion to consider the RZ space wl ¥

with three indices. The definitions and properties of this space parallel those of w0 fact, by [32,

[ I 7"] [ - 7‘]
— W

Prop. 9.12] and Proposition 5.3.5, the natural projection # is a trivial double cover.

Given this straightforward relationship, we omit the detailed construction and properties here.
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6. SPECIAL CYCLES ON RZ SPACES
[]

I

[o]

6.1. Special cycles at vertex level. Fix a framing object =™, and the corresponding RZ space =,.

Recall the space of special quasi-homomorphisms defined in (5.1.1),
x.,=u@) =6, @a) >z

It is an -dimensional a/a.-hermitian space with Hasse invariant —»~. See (5.1.2) for the definition of =
and the isomorphism.

Just as in the unramified a/a case [21], there are two types of special cycles on m[f],, namely @(")

and (*)M, Recall that = =

[«]
NG

Definition 6.1.1. Fix a vector T € & .

)

(i) We define the @-cycle I(T)["],, € ™ to be the closed formal subscheme which represents the functor

N
sending each scheme + over ¢ %3 to the isomorphism classes of tuples (=, .-, «,#4) such that the quasi-

homomorphism

. _ Y — % - — A%
“'OTO‘i:-__ X — @ Xeam —>-[,}xxia X

extends to a homomorphism «, — = (this is a closed condition by [36, Prop. 2.9]).

(ii) We define the =-cycle = (T )['],, € ™l to be the closed formal subscheme which represents the functor

e

sending each * to the isomorphism classes of tuples (=, ., «,4) such that the quasi-homomorphism
-5 . - A= — T Ll — A — v
OA*OoToOoA- 1w, X — @ Xea* — &, Xea* —> 0 X — Y X

extends to a homomorphism «. — = V.

Recall that by Remark 5.4.2, the splitting model A[':]," is the blow-up of ‘“[‘:}/ over the worst points.

(iii) We define the splitting @-cycle I(T)[':],” and the splitting = -cycle (T)M, in m[""],” as the strict

transforms of @(r )['], and --(T)["] respectively. To be more precise, writing < : m[':];’ — m["],, for the

’ [],2

projection map, we define the splitting @-cycle @(7)"," as the closed formal subscheme of the pullback
% _:'(I(T)[":] ) C A[""]" cut out by the quasi-coherent ideal of sections of

7 7

s () supported on ». We
define = (T)M, in a similar way.
When (AM ). is strictly larger than #, an equivalent way of defining (T)H, is as follows. The

7
morphism % defines an isomorphism m[":]," \ ™ — m["], \ ». Therefore, we obtain a commutative diagram,

in which the oblique arrow is a locally closed immersion,

il

7

|(r)") \ v =

],
X4
]

) 7

[‘] ra

e

..]7;.

Then the splitting @-cycle @(T) is the Zariski closure of the locally closed subscheme I(T)["}, \ ¢ —
["]7/

A
X4

. The same applies to =(T)

)

The proof of the following theorem is given in §7.
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Theorem 6.1.2. Let (.2, ., .) be a hermitian ugz-module of dimension = — & and type = over « €
(=/C uy). Let = € u) be a unit and define

k’ " r = (22 t, iz 7, aZ 7 .
(%5 my ) o= (2 X X X we)

Then the following assertions hold:

(i) (7=, =, ) is a hermitian wuz-module of dimension — and type -a.
(i) If (-2, ., .) satisfies the strengthened spin condition, then so does (7, ., ).
(iii) Suppose & # ~ — &. Then, if (7, ., .) satisfies the strengthened spin condition, then so does

(1227 23] /,z) :

As a consequence, we deduce the following:

Theorem 6.1.3. Let » € a(_["],) be a unit length vector, with corresponding special cycle @(») M, C m[':],.
Set #(n) := - (2(n, ")) and »* = #7(0) ((—=&) ~*). Then:

o When  is even and = = I(‘*)["], is empty (note that » = & here).

o In the remaining cases, we have an isomorphism

()l o~

—&, 77
except when:

o isodd, = —&, and #° = —&, in which case the RHS is not defined and the special cycle (‘*)H, 18
[w]

the disjoint union of points 4(\) in r(m['l..",) (indezxed by all almost «-modular ~ C z(a'",) containing

“ﬂ) .
[o]

Proof. By direct computation on Dieudonné modules, we see that @(»)"", is empty when = is even and

« = . In all other cases, @(") ["], is non-empty.
For any (=, ., )€ @(») ["},, we define
.= 2 ~ ~V Vv —v ~ _

(2", oy ) = (8 — 207, ey (ama)e) -

'

It is a hermitian %4-module of dimension = — &. Assume «w # = — & (we will consider the « =  — &

case in Corollary 7.2.10). By Theorem 6.1.2, (=°, ., ;) satisfies the strengthened spin condition. The

framing object (&’, s, ») is isomorphic to ("'[‘l:.,f"’ AN ), denote this isomorphism by .
We have an isomorphism - -
a)t, st L e ) = (G- e 2 B -2 e (B —2)s (- 2)8),
with the inverse given by
"‘[{;7,» — (“)[‘,]ﬂ (2, s o ) > (X oy X oy X o, (A 0w ™) X #4,),
where = = 2(m,0) € u . O

There is one more exceptional isomorphism, as follows.
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Theorem 6.1.4. Let = be even and « = . Let » € a(_[ ]) be a unit length vector (note that there is
no need to mention the epsilon factor, as » = &). Set #* = #(2) ((=&) ~*). Define m[__ ]’: by the

o,

following fiber product diagram,

slwlocy gl—w
| = |
sl sl

Then the morphism sl %] L= s a trivial double covering, cf. [32, Prop. 6.4]. Furthermore, the

composition sl R L: S wl 7 5l factors through -~(“~)[ l and induces an 1somorphism
- _—:.l:;’ ~ ..(‘,\)[ I

In particular, there is a natural morphism

Proof. This is proved in the paper of Yao [45, Thm. 5.5]. In his paper, he only considers the situation

where »* = &, but the other case »* = —& follows from (5.2.1). O

In the splitting model, we have the following:
["']7

Theorem 6.1.5. Let » € a(_[:],) be any non-zero vector, with corresponding special cycles @(»)"," and
(,)[-’]; on A[-’];,

(i) The special cycles I(“*)[":],” and (‘*)[':],’ are Cartier divisors.

(ii) Assume = is a unit length vector, and set #(n) := +(2(n, ")) and »* = 77(2) ((=&) ~*). Then
o When = is even and = = I(‘*)M, is empty.

e In the remaining cases, we have isomorphisms

["L =

,;7/b Y

a(n)h
except when

o When s odd, « = — &, and »° = —&, then the RHS is not defined and I(\"*)[":],” is empty.

Proof. (i) By [15, Prop. 1.5.1], the pull-backs of special cycles @(») and = (») into the splitting RZ spaces
are Cartier divisors. Therefore @(») ['}, and = (») ["}/”, as codimension & closed subschemes in the regular

L2 5re also Cartier divisors.

formal scheme «")",

(ii) This follows from Theorem 6.1.3, and the definition of splitting @-cycles. O

The divisors appearing in Theorem 6.1.5 are exceptional in that they are isomorphic to a splitting
RZ space of lower dimension for a maximal parahoric level. The following conjecture would tell us that
there are no further exceptional special divisors.

[#] ]

Conjecture 6.1.6. Let 7 € x(a",) be any non-zero vector, with corresponding special cycle I(‘*)[':,.
Assume that I(“)['],” is a non-empty reqular scheme (hence « # ). Then = is a unit-length vector and

hence I(*)['], C m["],” is an exceptional special divisor.
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Remark 6.1.7. To classify all cases when (“)[‘], is non-empty regular seems more complicated.
and that = # . Then I(N)[‘}, C =(») [‘], This leads us to suspect that

if (‘*)['], is non-empty regular, then « = if = is even and « = — & if = is odd, and that = is a

unit-length vector. When ' is even, we conjecture that, if = (‘*)[ },

Assume that 2(n,m) € %

is a non-empty regular scheme, then

M is a unit-length vector and hence = ("*)[ ], c il ], is an exceptional special divisor. When  is odd, we
conjecture that the divisor = (“*)[ 7::']” C al ;"']” is regular if and only if » has unit-length and »* = —&.
However, in the latter case we cannot relate this to an RZ space of dimension = — &.

J
OB

The following conjecture seems the best-possible replacement.

The special cycles I(“‘)[.’ ["],, and =(») ["L C m["],, are not Cartier divisors, comp. [6, Rem. 2.5.1].

Conjecture 6.1.8. Let » € 3(_["]) be any non-zero vector. There exists a unique Cartier divisor

@(“)['7], resp. n("*)[':], on m[':], such that its restriction to m[':],\ » equals (“*)["], resp. (’)M,

The analogous conjecture for Shimura varieties holds for = = *, cf. [6, Thm. 2.5.3].

6.2. Embeddings of RZ spaces. The arithmetic transfer conjecture concerns the embedding of a
hermitian lattice of rank = into a hermitian lattice of dimension =+ &. We make the following definition
to keep track of these data.

Let @ = (&, &, ) be a framing object of dimension ~ + &. Recall from §5.1 that (=) = @°_(@,a) is
the space of special quasi-homomorphisms. It is a non-degenerate hermitian space of dimension . Also
recall that » (&) is the negative of the Hasse invariant of x(a), cf. Thm. 5.1.1.

Definition 6.2.1. An aligned triple of dimension = and type = is a triple (iér["],_[“], n) = (%,&,0)
consisting of a type = framing object ® of dimension , a type = framing object @ of dimension =+ &,
and a unit-length vector » € x(&) such that there is an isomorphism

(3 X @, n X gy X5 ig) = (&) a)s
identifying the inclusion map of the second factor on the LHS with ». Here « = 2(»,2) € u .
In particular, we have an isomorphism between hermitian spaces
2(w) © () ~ z(a).
Here (») is the one-dimensional hermitian space spanned by ». Let »(n) := « (+) = = (2(», 0)), then we

have the relation,
s(@) == ((=&) )z () 7s().

Starting from an aligned triple of dimension =+ & and type -, we obtain a closed embedding of formal

schemes,

[«] [«]
AN C—) AN +a0 (621)
of. Theorem 6.1.2. Note that here %" = w[*! and A["J]r. = m[i. ,, where » = #(@) and /" = #(%).
7; had et
For = < #, using the isogeny % — %[ from §5.5, this isogeny extends in the obvious way to an
isogeny wl?) — &l*). We then obtain commutative diagrams in which the horizontal arrows are closed
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embeddings,
parle ”[T:} e ”[T.-.]
L7l 1] el c -y
+& +a

Proposition 6.2.2. Let v <« < # < . Fiz an aligned triple (%!*, al*l, ») of dimension ~+ & and type
w and consider the isogeny »7) — | and its canonical extension ¥ — &l*l. Then the corresponding

commutative diagram is cartesian,

sl gle

[ o]
Ll s

In practice, we will only use the cases # = when  iseven and # = — & when = is odd.

[# 7]

Proof. Using Theorem 6.1.3, we identify &" C m[ﬂ; with the special divisor @()" ; C «'»[ﬂ;. Then, the

pull-back along the projection A[T'i — A[ﬂ; parametrizes all pairs (= =) with a lifting =7 — = [+
of @l — &b+l such that there exists a lifting »: « — =@ of @ — &l?. By composition with = [ — =[]
this lift also exists for =[*, hence using the standard splitting procedure we get splittings =@ ~ 2l x .
ar[ld }’ [l ~ 2l x . compatible with the isogeny =7 — =[*]. We obtain the desired object .2 — .2l of
we, O

Remark 6.2.3. (i) The statement fails if we replace the bottom arrow by the other injection s

m['}_;. This is best illustrated by the lattice model, see §10.2 below for the notation used. In the lattice

o gl

model we have that @™ X 1, 1% is given as

{Vonn) € M) x M) el a cn =V @ ()

b

In general, » does not lie in %, and hence %, is not of the form &, = N2 @ (1), where \? is a vertex

lattice of type # with N2 C N.

(ii) Note that when  is even, the existence of the isogeny %7 — s+ imposes for # =  the condition that

> = &. In particular, if »* = —&, there is no obvious candidate for the fiber product "‘M,b

(o]

[ 7"‘]
Xl & +&,7"

+&,7

e

In §10.1, we denote this space by =

7. COMPARISON OF STRENGTHENED SPIN CONDITIONS

In this section we prove Theorem 6.1.2. Part (i) is straightforward.

7.1. From smaller space to larger space. In this subsection we will prove part (ii) of Theorem 6.1.2.

Let (€, :) be a hermitian space of dimension . Recall the notation in §4.2; in particular, we have
% =€ R, & and ",g"": s,N 85 C 5=\,

Lemma 7.1.1. The subspace ®g C & is spanned by the pure tensors.

Proof. Denote by ®° C %, the subspace spanned by pure tensors. In other words, this is the subspace
spanned by A @, where @ C % is an -dimensional subspace such that /\ ® € ®g. The subspace &’
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is #((+,-,))-stable, and thus forms a sub-representation. The assertion follows from the irreducibility of
%g- O

Let (£, :*) be a hermitian space of dimension —& and let « € i« be aunit. We choose the hermitian
space (€, :) withe =’ @anand :(7,n) =+ Let 8 = @, &, ° =€’ @, a4 and 8° = 47 @, A&
The symmetric forms on &, ” and 8° split respectively. We have the following decomposition:

Cs'= "elo "8, and ‘s="8.0 s_

Since & = 8" © 8°, we have

/\xz/\%b@</\“zb®z°>@(/\%b@/x\%°)-

Let e ;=2 ® & and « := & ® % in & ®,, a. For any « € €, we have

(v =0a (v =) = (=) = v)ese) =,

hence (= — %)« is an isotropic vector.
Proposition 7.1.2. We have the following equality:
o_; ﬂ ( 8’ @ a(s + % )‘*) = 7;§b_;. ® a(w + ).

Proof. We have ° = l"<(b —u)n, (v 4= )’) We further decompose

e’ Q8% = ( 7"'=Z®n(b—°\)‘-> ® ( T8 Qas — )‘*)

We claim that

_;"’Z@n((b—i)‘*)c %, and "*’E;®A((b—i)‘*)c ss.

We prove the first inclusion. Let @ C ®” be any subspace of dimension = — & such that A @ C s
Let @ = @ @ a(> — »)n. By Lemma 7.1.1, we only need to show that

/&= /7\:.lb Qale—¥)nC ®_;.

We define a morphism

o) —a( s Ta( s,).

By Lemma 7.1.1, we only need to define . for all A ~“®@ € ®( 8" _), where & is a total isotropic

subspace. For such @, we define

(/_\“'b) = (/\I), where @:=@ @ a(s — )"

Since @ is totally isotropic, the map is well-defined. We claim that (m( “8”_)) C ®( ®_;). Since

1( “s”.) is connected, we must have either

(a( "’ ))ca(sy) or (x( T87)) Ca(soy).

Thus, it suffices to find a single geometric point of ( _:'sl’_;.) that maps to ®( ®_). Such a point is
constructed in [22, Lem. 3.1.1].



RAMIFIED SPLITTING ARITHMETIC TRANSFER CONJECTURES 33

As a consequence of the claim, we see that the intersection of the subspace
s o) ( 8" @ a(s + i)"‘) C's

with the direct factor in (7.1.1):

Tl alc -y ne 8 . Rac-yno  sioals+ynC s
is zero. Moreover, since we have
o_.() ( 8" @ a(s + ‘l)“) )
the equality in the assertion follows by dimension counting. O
Lemma 7.1.3. For & = 8" & 8°, we have
(T @Al +)n) = TS @Al )0

Proof. We have

b

8. = ",b @A(b—i- w)n, and ®_. = s . EB‘(@ _ o\)»\_

This induces the decomposition of the eigenspaces,

§ht — —aghe o ( —Egh PR ) a(w )\,,) o ( —aghheE 9 (e — o\)“>

>
—
’\
AU’
EY
!\
¢
s
X
B
2
|
¥
&
B
2
+
Z

Now the assertion follows. O

Let %’ C € be a vertex lattice of type w and let & = N @ (n). It is also a vertex lattice of type w.
We have:

AS®., ) = (/\ \b) Ry (127 @0, ua) C [\ € @ an.
Proposition 7.1.4. The following equality of lattices in w\i';“ holds:

b, —%,5%

( N ,.(b+z)>~) NNGH = T TR @ ug(s + w)n

Proof. 1t is clear that we have
( AN @ (s + ‘L)“) NN D AT @ aa(s v
We will show the converse inclusion. Note that

( N ® aﬂ(b+~1)‘~) NNGY5C TN @ ua(s + )0,

By the definition of the lattice (4.2.2), it suffices to show the inclusion

— el —%,5

)@ ua(e +x)n="""82.""" Q@ a(s + ¥

—nab, =%

(Ve - NN (e
By Proposition 7.1.2 and 7.1.3, we have
( TS @als+ ‘1)**) N's N &_,C ( —agh THEN ""*,b_;) ® a(w +%)n.

The assertion now follows. O

Recall that for an u,-lattice &% and an u,-algebra #, we set Ny ;=N ®,, ¢.
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Corollary 7.1.5. For any us-algebra ¢, let @ C \", be a totally isotropic subspace. Let @ = & &
(s Fu)nC Ny IFN\ 0 € %\[f’f‘(?), then \ @ € %\:’;j’"(?). In other words, if @ satisfies the
strengthened spin condition, then so does @.

Proof. By Proposition 7.1.4, we have an inclusion

( B AR Q) @ #(s+w)nC <( Nw 9) ® #(w + ‘:)“) N ( \f"’“) ®e. (7.1.2)

Since \ @=/ ~“& ® ¢(s + =)n, the assertion follows. O

This corollary implies Theorem 6.1.2, (ii). Indeed, recall that, by definition, a hermitian %4-module
(7, .2, ) of dimension = — & and type = satisfies the strengthened spin condition if after some étale

extension and the choice of a trivialization
Vv

\
[. L () 2 () } N
the induced filtration - (.z) satisfies the strengthened spin condition. In the case of Theorem 6.1.2(ii), we
choose a trivialization for the de Rham homology of as above, then we have a trivialization

\% 2
* _ * _ * ~ N b: >
—>Q;(;)—>:zj(vv)—):|_)|:(\b.@<‘v>> _>(\.v@<\>> _>}
We can identify «(.z) and «(=) with @ and @ above. Hence Theorem 6.1.2(ii) follows from Corollary
7.1.5.

7.2. From larger space to smaller space. The inclusion (7.1.2) can be strict in general. To study
the converse, we need a more careful study of the strengthened spin condition. For this, it is convenient

to introduce the local model and some auxiliary conditions.

Definition 7.2.1. Let \, be a vertex lattice of type w. Denote by « _ : %, — %Y and = Y : NY — w75\
the natural inclusions.

["]7

(i) The wedge local model a Misa projective scheme over € ;. It represents the moduli problem that

sends each u,-algebra ¢ to the set of filtrations:

\
\‘.7, \\./7' : \7;“.7'
J J ] (7.2.1)
n\‘ -\\/ --: —.‘.\‘

such that:
(a) For each lattice & € {w., %Y, w75\, }, the filtration @, is an %, ®,, ®-submodule of N, and an

¢-direct summand of rank ;

Voo WV

(b) The natural arrow D N.» — N, carries @y into @.v, and the natural arrow -~ Y : NY, —

wT*\,, s carries @, v into @. -:,_. The isomorphism « 7%\, = N, identifies @, -, with @ _;
(c) The perfect #-bilinear pairing

—-)®
N X

identifies lfv with @, inside %, s; and

(d) For each lattice & € {n,, %Y, %7\, }, the element « ® & € u, ®,, *® acting on E, satisfies the

‘a

following signature conditions:
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o (Kottwitz condition) There is an equality of polynomials

(v =)

(@—x)(@+w) ™
e (Wedge condition) We have

/\(b—”\‘ﬂ\):"r’; and /\k- | E) =

e (Spin condition) When  is even and = = , we further require that the operator = — % is nowhere
vanishing in E&..

[«]

(ii) The canonical local model a'™ is a flat projective scheme over € u,, cf. [22]. It represents the moduli
problem that sends each u4-algebra ® to the set of filtrations in (7.2.1) satisfying the axioms (a)(b)(c)

in (i), and the requirement that for all lattices & € {n,, %Y, 275N, }, the element » € u, ®,, ® acting

‘A

on HE, satisfies the strengthened spin condition.
(iii) For = # , we define the worst point as the filtration (H, := =% C %, ). This defines a point
«€a € al(0) by [22, Lem. 3.1.1].

The Kottwitz condition and the wedge condition are easier to handle than the strengthened spin
condition, and it is not hard to check the following:

Lemma 7.2.2. Letw =N\’ & (0 and let @ =@ @& ¢(w — 2)n C Ny be a filtration. Then & satisfies the
Kottwitz condition (resp. the wedge condition) if and only if @ satisfies the Kottwitz condition (resp. the
wedge condition,). O

Next, we study the strengthened spin condition over the special fiber. The key input is the following
computation:

Theorem 7.2.3. [22, Cor. 3.4.7) Let € = & = e,
such that 2(w ,wg) = *  4s_a. For any integer . such that v < . < ., we let be the standard

sy, w0 ) be the split hermitian space with basis
integral lattice:

::‘.“(m\*.‘. :.7"'70‘7:. ) +&y T )C(
Consider . ®.,, ui C % =€ Q4 &, it is spanned by the following basis:

% “.‘.®:'a"'>ﬁ\ - QD &, +.‘.®:'7"'7 D &; :.®:07"'7 D &, % +:.®:07"'70\ D &.
We denote them by order as ag, -+ ,ax , hencew ., =@, (as, -+ ,ax ). Denote by - TR the vector
ALTFR T A e, TRy T Na gl A ANd pa A AN
For any o-algebra ¢, the standard lattice % 'L:( ) is generated by the following elements, where we set

Vi= 46—
(Z) “'{ +&yc % };'
(7’7’) ‘;'[ 7/+—\\/] fOT’ 7& \/’.

(iii) ay =z — (=&) * H"‘w,ﬁ] for <&V <., #a;

(V) appv 7y for + < <RV < U=+ 5

() ap gt (=8) TP gy for s/ S -t s A
(Vi) a7 — (&) TR oy for s <L <V < -t £y

(vii) N for . <. < —o+&<RY, . #8;
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(viii) TR (—&) T +‘.’..[!V’/+\v] for - —L+8< <Y, Ay
(iz) ALt (—=&) AV T for - <o

(2) ap 7+ (=8) ap v gy for s <0 <%y
(xi) Let w = Z-“:; € (w.)® ®. Then w lies in the image if and only if
(a) When = = %®, we have Z’: (—&) =¥
(b) When = = %@+ &, we have Y °_ (—&) v + 2(—&)* ™ ois = 7.
All the @ of the form (a) and (b) generate a free submodule, a basis of which can be completed to a
basis of w__“%(w )(#) by the elements (i)-(z).
O

Theorem 7.2.4. Suppose = = %4 %=  — &. Let (t.‘.b7 l’) be a hermitian space of dimension = and let
\i C € be a vertex lattice of type w. For any ®-algebra ¢, let

b,V
=@, C \E”, and @ v CN],

be #-submodules satisfying azioms (a)-(c) in Definition 7.2.1(i). Denote by ., the vertex lattice N> @ (»),

where M is a unit length vector. Define
E. =8, *(»+¥)nC Ny, and By = LR (e +u)n C \\_/7,.

Then B, and B.v satisfies the azioms (a)-(c) in Definition 7.2.1(i). Moreover, if /\ @ C%_ ~Z(9),

then \ ~*% 8@, C w\[’j“(v) In other words, if @\ satisfies the strengthened spin condition, then so does
& . -
\‘Q

Proof. The verification of axioms (a)-(c) for B, _ and HE_ v follows standard arguments, so we focus on

proving the strengthened spin condition. By [22, Prop. 2‘.'4.3], it suffices to verify the assertion for - NZ

By [36, Thm. 3.16], after passing to some étale cover, we may assume that &, = ®_,, and NY = @, where
_» and w,, are standard lattices defined in Theorem 7.2.3 with the following basis (see [22, §3.1.1]):

g L @ By, _a @8N e @, N ®
X :.®:b,"‘ 70\ __.?‘_®:b,ﬁ\\- +;.—A®:O,"‘ ,ﬁ\y ®:‘
.'f‘,:;:o\_“ .‘.®:‘7"'70\_“ 6O, .‘“‘-‘r.‘.®:‘7”'7 D &;
s Q& s ® &, % _A-‘,—.‘.®:¥""7ﬂ\ X &.
We denote the basis of . ®,, %4 by order as iy, -+, ax , this is also the ordered basis we chose for

,ua in Theorem 7.2.3.
After scaling, we may assume that (», ) = &. Recall that the loop group acts on the local model, and
its action on the quotient %, /%NY factors through the orthogonal group (s, /%N)). By Witt’s theorem,

there exists & € u(%w./%%Y) such that

a = %0 + &;
o+5
0 I NI \X, where =, = { ;+ (00 + ) ‘o '
)\ e o5 = *@.

Therefore, without loss of generality, we may assume that » = », + %. for some gadget term « € %.
Furthermore, for a ®-algebra ¢, since %, = r, we have the equality By ® N =E,v O een.
b,

Consequently, we may further assume »n = ».. We choose a basis w7, -+, > for &’ as follows:
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e When = %@+ & is odd, we set
E-.Z & b.: ®; bo+.-.= o+%) 1 e = Wxe+5-
e When = %@ is even, we set
E.:‘.‘.v"'v‘b.—;.: o—&> b.: = (‘o—‘oJr:.); ‘bo+:. o1%) ) E;._ = lige-
w(%*)
Then &> is spanned by the basis
\i’vzv,‘(i_"" RTINS M. 3 bA+;, i)
We now distinguish cases, according to the parity of
Suppose

= %® + & 1s odd. The lattice &

. 1s generated by
Wl Ly s a5y e @Gy e
Since = # = — &, we can apply Theorem 7.2.3 and find the basis of the standard lattice % , i"(Q)
and *\:‘::(Q) The former is of the same form as the latter, except that [ 7FA] is defined by taking
(- — &)-th wedge power, with vectors aet; and u e+ being omitted. Furthermore, since
Hy =8, & o
we have the equality

)n = BovO P totas

Ase = A\ By © e teta
By comparing the bases of *\ *(#) and of % . ,,v
if and only 1fl v €% bv’“ (o

“ (9).

* (), we directly conclude that A B <% < :”(Q)
Suppose = %@ is even. The lattice %", is generated by
b . b - . b . b . b - .
L T mny Mg T me—&) -y T me T meti; P N .
b . . b . . . . b .
- = a5 s g w05 -l n T e e T m tetn - T o @by ey g T
Since
Hy =8, O IN=Ev D (e +iers) =By ® (4 +ota tots)
we have the equality
+5
N By = A\Bey® @ ot a teta) (7.2.2)
Let us write A\ ®_ v as a sum of pure tensors. For any subset « C {&,---,% }, let 2= A c al.
consider the followi'ng cases
(1) If the pure tensor has the form .”, where {®, +® — &} N
straightforward to verify that if

= v, then as in the even = case, it is
(2 +o+a tors) Ev ™7, then 22 €w

-
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(2) If the pure tensor has the form &’ A .‘..b., where {®, +® — &} N =, the expansion becomes:

DAAN = A (aeNa te— et Aa tora) T Al A(de AL tors — mets Ad to)-
Consider the term 2” A (ao A s 1o — aets Aa tois). Since ®¥ :=  + & —® = @+ &, this term lies

in w f:f‘..(Q) if and only if

A (S Na o T aeta A dera) T A, TV T Sia 1TV’

which is the case (ii) in the list of Theorem 7.2.3. In particular, we have « C {&,---, }, and thus

2’ Al . also belongs to case (ii).

(3) If the pure tensor has the form 2> AL’ , ., where {®, +®—&} N« =, we have
DAL to—n Ny = %2 A toNa teota-
This term lies in w,_ = (#) if and only if

“y e

AN . :
agN2 +./\... +o+s = w{ 5,00 ,% )

which is the case (i) of Theorem 7.2.4: since +®and +@+&liein{ +&,---,% }, and case (i)
is the only case which allows more than one index in { + &,---,% } to appear. As a consequence,
we have .” AL e = .'.?{ e %} and is spanned by w\[j‘:

(4) If the pure tensor has the form .’ Ay AL’ , ., where {®, +®—&} N = v. Then the generator

of the space (7.2.2) will have a factor of the form us A s N s +6 N a tets for some &, but none of
the basis in Theorem 7.2.3 contains a vector of such form. O

Remark 7.2.5. We can see from the proof of Theorem 7.2.4(iii) that the reason why the exceptional
isomorphism fails in the almost “-modular case is the following: when -« = %@ = = — &, by [22, Cor.
5.2.3], the standard lattice L “*(#) is generated by the basis of the form (ii)-(xi) (and no a, and

a te_z appear). Therefore, if A\ v C w\;;’i;(q), then A\ @ C sre\?i:(Q) But the converse
is not true: for instance, if A ®E.v is spanned by iy 4; ..« } (e.g. the worst point x € ‘M)7 then
A ’\t’v is spanned by o,
Cor. 5.2.3].

Tosa P but this vector is not in w\;f”i;(Q), see the proof of [22,

The description of the basis of w\[ “*(#) is much more complicated when = # # . In order to extend
Theorem 7.2.4 from the special fiber to the integral model, and also study the case when =« = = — &, we
will use properties of the wedge local models A[‘]’A studied in [29, 40, 41].

Definition 7.2.6. Let \E. C & be a vertex lattice of type = and let &, = \b,@ a7, such that (n,2) = &.
We define @(n) A 2 as the closed subscheme of & that sends each a-algebra ® to the set of
all families (B, C % 0,8 C N ,) in & such that E., =8, © (> — «)n. Similarly, we define*

i(“,)[‘] ca
Consider the map

A['l’;/.\

— A[QL/\: (ﬂ\b) ; (‘\b G o(>—w)n).

4Despite the suggestive notation, the space (™) is not a local model of the special cycle @(™)! However, they do share

the same first-order deformation space, even though their higher-order deformations may differ.
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This map is well-defined by Lemma 7.2.2, and it factors through () bl gl by definition. We

denote the resulting morphism by " : n['l’é — & A, Similarly, by Theorem 7.2.4, we have morphisms

Al g b

An immediate consequence of Lemma 7.2.2 is the following;:

Proposition 7.2.7. Assume = # = — &, keep the notation as above. The inclusion

is an isomorphism. O
The main result in the context of local models is the following:
Theorem 7.2.8. Assume = # , keep the notation as above.

(i) When w # = — &, there is an equality of closed subschemes of al:

(ii) When  is odd and » =  — &, there is an equality of closed subschemes of al ~*:
L el T (g,

-3

where x 1s the worst point of A[

Proof. For any = # , by Proposition 7.2.7, we have the inclusions

A['L-. - 5 c o A['l’é\ - al™, (7.2.3)
For part (i), when = # = — &, by Theorem 7.2.4, we have an isomorphism over the special fiber,
all . o all call
On the other hand, (7.2.3) induces isomorphisms over the generic fiber,
A[‘lm —— ?['7] = A[‘l’_{.\’ :
Since A['l; is flat, we conclude that . is an isomorphism by [9, Prop. 14.17].
For part (i), when =« = = — &, by [31, Prop. 3.10], we have the identification of closed subschemes of
A[ _:']7/\
al T =al T (7.2.4)

Since the worst point is in the local model, i.e., x € A[ 7"'], it also lies in the following intersection:

sca Hnal TN g 07E
Therefore, we have

a s cal el 2 LA 2 Gl T
This proves (ii). -

As a consequence, we deduce the following:
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Corollary 7.2.9. Let = € uJ be a unit and let + be a scheme over ¢ uy. Let (.2, .., :) be a hermitian

1a-module of dimension = — & and type = over «. Define
(*7 - ) = (ZZZ X t, 2 Xy X *)
Suppose w #  —&. If (7, ., .) satisfies the strengthened spin condition, then so does (2, ., .).

Proof. This follows from the definition of the strengthened spin condition and the local model result in

X
P

Theorem 7.2.8(i). Note that by passing to some étale local extension, we may assume that « = & €
O

4

We also deduce the remaining part of Theorem 6.1.3:

Corollary 7.2.10. Let » € a(_['} ) be a unit-length vector, with corresponding special cycle I(\"')[':], -

7
m[',],. Set 7(n) := - (2(2,0)) and »* = 77(2) ((—&) ~*). Suppose  is odd and « = = — &.
(i) When /" = &, there is the exceptional isomorphism
.(“)[;-‘-} ~ A[ —‘-“-} .
[ =&

. is not defined and the special cycle I(“’*)[ ’;:'] 1s the disjoint union

[»]

of points in r(m["],) (indexed by all almost «-modular lattices ~ C x(a™,) containing »).

[ —a]

(ii) When »° = —&, the space #

Proof. The worst point * of a is represented by the filtrations (e~ C N ®,, ). By [16, Prop. 3.4],

this is the only closed point (8, C »®.,, *¢) in the special fiber of the local model satisfying =&, = ()
for v =~ and NY.

Let (7, i, w,An) € sl Jr_:], (@). It lies in r(m[ _:']) if and only if its Hodge filtration satisfies »2(7) =
~(m) C w(=). Equivalently, if we choose ®(=) C ®(7)[*] as the almost w-modular lattice and use it
to define the local model al 7'-'], then (7, w, «,4.) lies in /(m["]) if and only if its Hodge filtration

«(m) Cu(r) ¥2(7) ®,, @& defines the worst point * of a
[—a]

Recall that in §5.1, we define # as the rational Dieudonné module of the framing object @ =" ™,

equipped with a hermitian form ¢ and a #-linear operator ¢ : # — =. Recall from (5.3.2) that the
geometric points of the RZ space are given as follows by «;-lattices:

o —& . N <&
sl @ ={ecole o, seceF@ e 2T (@ 4e@))

By the isometry x(a) ®4, &y ~ I @4, &, =~ <, the unit-length element » € (&) corresponds to a
unit-length element in «, which we will still denote by ». Under the identification (5.3.2), we have

8" Y@ ={ecs f@ nee}={ecs @ e=om}. (7.2.5)

Now we prove (i). By Theorem 7.2.4, we have a closed embedding . : &l __f'] - I(‘-‘*)[ ;"']. We will

b
prove that this embedding is an isomorphism by proving that it induces a bijection on geometric points

and is infinitesimally étale.

We first check the bijectivity. Denote by = the rational Dieudonné module of gl __.f'], then we have

= = =@ an as hermitian spaces. This identification is compatible with the hermitian form ﬁ:b, the action

«”, and the #-linear operator ¢” in =°. We will drop those flat symbols for simplicity.
[ =&l

Recall from (5.3.3) that the space of geometric points of # is given as follows by «;-lattices,

- :_;}(‘_) _ {ﬁb Cco e eV, st coer@) e, @ C (@ + ,(ab))}‘
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One can rewrite (7.2.5) as

.(“)[’;.‘.](‘) _ {..x.l’ C o |.B. _ mb ® <,‘> c m[’;:.](“)}_

It is straightforward to verify that such a lattice #° satisfies

|3 R R <&
 C @Y, s CeTH@) TR, @ T (@ + (@)

In the last relation, we must have ® C (#° + ¢”(#")): otherwise, we have # = +"(#"), and the ¢’-

invariants #»* C =”* would be a w-modular vertex lattice in . This contradicts the fact that = is

non-split.

Indeed, this computation extends naturally from & to any algebraically closed field .. Therefore, the
closed immersion  : ! ::}/b C I(“‘*)[;"'] induces an equality on geometric points, i.e., | _Z"Lb( ) =
[—&]

@(n) () for any algebraically closed field . over ®.
Moreover, by [32, Lem. 3.3], these points are disjoint from r(m[ _:'}). By Grothendieck-Messing theory

and Theorem 7.2.8(ii), for each geometric point T € ! i;'],b (@) =m(n)! 7::'] (@) the first order deformation
[ -] ’ [

—a b

theory of T in @ equals the first order deformation theory of @(»)

[ —&] [ —&]

o @(») ~ 1s both surjective and infinitesimally étale, it

’;:'], hence .. is infinitesimally

étale. Since the closed embedding .. : &
is an isomorphism. Part (i) is proved.

For part (ii), we define »” as the orthogonal complement of an C . Then =” inherits from = the
hermitian form :”, the action =°, and the #-linear operator ¢°. By assumption, the hermitian space b
is split. One can rewrite (7.2.5) as

a0 Y@ ={# c S je=F e es Fay)

et <s
The relation ® C (# + ¢(#)) implies the relation ®° C (2° 4+ +(2°)).

Since z° is split, by [31, Lem. 3.3], we deduce that ® = (#°+ ¢ (2")), i.e., * = ¢(2"). Hence ® = ¢ ().
This implies that I(“)[ 7;"'] (@) = r(m[ ’;:'])(4.), and hence is in bijection with the set of almost %-modular
lattices & C Z containing =, see §5.3.

Recall that ¢ := w£™*. Therefore, # = ¢(#) implies that »® = £# C ®. Equivalently, the Hodge
filtration

“(m) C :U(f")} = [gﬁ-/i eC e/ «B-} = |:b-3'/‘l e C e/ ﬁ],
defines the worst point * of the local model A[ —&l, By Theorem 7.2.8(ii), the worst point * € ?(“*)[ ~=

7

has trivial deformation for any first order infinitesimal thickening. Therefore, by Grothendieck-Messing,

each point in I(“*)[ 7;;'] (@) has trivial deformation theory. This proves that the special cycle I(”)[ ;'-'} is

)

a disjoint union of discrete geometric points. O

8. AT CONJECTURE OF TYPE ( , )

Let = = %® be even. Let ¥ < w <  be even. We fix an aligned triple of framing objects (%, @, n) =
[o] o]
b

(% PISL- A8 ) of dimension 4+ & and type -, with corresponding embedding of RZ spaces m['}/b —al o

A["J]r; = m[":]r:.’,,, cf. (6.2.1). We also fix an isogeny w1 ] — wl+ as in §5.5 and extend this in the obvious

way to an isogeny @l | — &l*l. Note that the existence of this isogeny forces »* = & (otherwise !/ is

not defined). This defines embeddings of RZ spaces wll oy ul Jr_.. and =l < wl +'_!, cf. §6.2. We will

[y selelis []

formulate AT conjectures for cycles on @' * x4 7", by using the exceptional special divisor #" * on | J]“...
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We also use the notation , = x(=) and 2 = x(%) so that » € - and % = (2)*. We denote by

the hermitian space of dimension 4+ & with opposite Hasse invariant of -, and fix a vector =, € of

the same length as » and set 2 = (n,)*. Then -+’ has the opposite Hasse invariant of +%. We therefore

b

depart from the conventions in §2 and §3, where . and ” denoted split spaces and - and 2 non-split

spaces.

8.1. The naive version. We will use correspondences to obtain cycles on the product space a1 m[j]r;
Here the adjective naive refers to the fact that this product space is not always regular. For simplicity
we use a product of two correspondences one of which is trivial, i.e., the identity. There are two ways to

[ 7‘]

do so. The first one is to use the correspondence # on the smaller space

-
/ \ (8.1.1)

sty b b s sl

[ 7"}

The second one is to use the correspondence %" [ on the bigger space,

/ \ (8.1.2)

m[]<_>A[]><m "

The first one leads us (by taking fiber products) to the following diagram

/\\

Llelc st

Indeed, we complete the left oblique arrow in (8.1.1) to a fiber square. Then the new vertex can be

(]

identified with = (Proposition 6.2.2), compatibly with its projection to @' '. The composition of the

[oel o m["i; with the projection to the right factor yields ..

[w]

map to @

The second one leads us to define '™ by the cartesian square in the following diagram,

Lemma 8.1.1. The morphism (%5, %«) : 2y wl]

[«]

X &L isa closed immersion.

L1 & []

Proof. Indeed, 2™ is the closed formal subscheme of & . barameterizing pairs (2 mley e

o ]

X @7 (#) such that the quasi-isogeny Af[‘:'] o o (A, X Aj) hfts to an isogeny .2l | x = — = [ over
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Here + is the special fiber of . O

There is a natural morphism which is a closed embedding,

[ 7"] A[‘}

N —

Theorem 8.1.2. There is an equality of closed formal subschemes of wl ] sl

+a
/A:[.] = m[ ".}.

Proof. Indeed, we have a cartesian diagram

A[‘} [ 7"}

8, — 8.

| = |

a) ! —— ‘“[i.-.-

By Theorem 6.1.2, we may identify @(n)l ! with | 7]»” — w1 Now we apply Proposition 6.2.2. O
Corollary 8.1.3. & s flat. O

[«]

This set-up leads one to consider the intersection of @~ with its translate under an automorphism of

[] [«]

awl ] x m["J]r;. However, the product space ' ° x @' . is not regular in general and, therefore, it seems

impossible to deduce a finite intersection number in this way. In general, we bypass this problem by

[] o bl

passing to @ * x @ /.. However, there is one case, in which this product space is regular, and we consider

this case in the next subsection.

8.2. The exotic case « = . In this subsection, we consider the case =« = . Here we have regularity

without passing to the splitting model. Namely, in the case =« = , the formal scheme | J]r; is formally
smooth (exotic smoothness). In this case, we have the AT conjecture in [31], which we recall briefly.

The RZ spaces w1 and =l Jr; are both smooth (exotic smoothness). There is a natural closed im-

5 ] [

mersion® &' ' < @ J]n.., cf. [31, Lem. 4.2], comp. Lemma 6.1.3. Note that here ~(al!) is uniquely
[]

determined, since #' - is only defined for /(.1?#[ ]) = &. Consider its graph

Ll ; [] []
. AN AN X A +:. .
We define the arithmetic intersection number
(1, L] S ] N ) e B N
<A , e >A\[]><A\[J]r~ = ( X +a s b )7

which is a finite number when » € ¢ _(a.) is regular semisimple, cf. [31, Remark 4.5]. Recall that
= x(@) and % = x(®).

5Note that the meaning of %! l:. in [31] is different: due to the spin condition imposed in [31, §3], the space in loc. cit.

is an open subscheme of our RZ space; it is, however, large enough to contain the image of w
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[]

Let \b,, be a vertex lattice of type ~ in 2. Denote its stabilizer by #' '. We normalize the Haar measure
such that @(/‘[ }) = &. Fix a special vector =, of unit norm in -, and let %, = N2 @ (2,) € & ().

Denote by )[ J]r:_ the stabilizer of %..

Conjecture 8.2.1 ([31], Conj. 5.6). Let == %@ be even.

(i) There exists &' € z* (&) with transfer ( (] ,7) €x%(e ) x 2°(¢ ) such that, if & € &' (&)

®, s is - -

is matched with . € ¢ _ (&), then

(sUsl) | v = e (e,m).

+&

(ii) For any ¥ € z*(&') transferring to (®,01,,1 l:."r) € 2%(« ) x 2*(& ), there exists #' € z°(&)
such that, if & € &'(ay ) is matched with v € ¢ _ (&), then

<m[ e }>m[ el ] pis = — 0w (0,%') —@ (o,8).

8.3. Lattice models. Now let us return to the case of general «=. To get the test functions corresponding
to the intersection problems, we now follow [21, §9.1].

Let \b be the lattice of type  in b} Note that since 2 is defined to be the hermitian space opposite

to 'l = x(%), which has Hasse invariant —&, the hermitian space b is split and hence does contain

w-modular lattices. Fix a special vector », of unit norm in =, and let %, = N2 @ (n,) € ¢ (). Denote

#l J]r_.. (resp. ! ]) the stabilizer of &, (resp. N)). We also fix a lattice & € #*( ) such that &, C \. Then

the unit normed vector », belongs to & and hence (».) is a direct summand of & with its orthogonal
complement denoted by %’. Denote by )‘["Jr; (resp ﬁM) the stabilizer of & (resp. N”). Denote by ! +'j
(resp . "]) the stabilizer of the chain %, C % (resp. &2 C N?).

We have the lattice models for the spaces defined earlier: for a hermitian space - of dimension , let
&l*l(-) be the space of vertex lattices of type = in =, and let &l®*=/(-) be the space of pairs of vertex
lattices of type &, resp. -, which are included one in the other. In our situation, we have two hermitian
sr[)ac]es ° of dimension = and , = 2 @ (n,) of dimension ~ + &, and let sl = al==l(*) and

a5 =alel()). Besides a™ ], we consider the cartesian product

ol

Srle—al]

]

gl—all,.

[] [#]

Again, there are two ways to obtain cycles on the product space &' ' x &'} ., using correspondences.

[ 7"‘]

The first one is to use a correspondence a on the smaller space

[ o] [#]

- X a4y
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[ 7"]

The second one is to use a correspondence &' | on the bigger space

gl gl

allc g x gl Jr-‘- g x ‘[-J]r;'
We obtain embeddings
gl e gl x “[‘.Jr:.
and
:[-](—> ..[ ] X ‘[‘_}_;.

We thus have two intersection problems in the ambient space ..[ I x ..["Jn.., namely

#@ el ), 2@ nEM),
where 1. is regular semisimple in )(+2) x ().

[]

For the first one, we have the Hecke correspondence # consisting of the triples (\I’,\»b,,, \f?) €Ea X

..M X ..M such that & C \b N \ff?. In other words, # is the composition of the obvious correspondence

gl / | \ gl
Sl / \ gl / \ Sl

Associated to the correspondence is the bi-#"Linvariant Hecke function (cf. [20, §4.1],

with its transpose

w1 = @(ﬁ[ })7“'.,[.],[ 1% @ 1) gl (8.3.1)

Due to the volume factor, the function is independent of the choice of Haar measure used to define the
convolution. We form the cartesian product @l "'](f.),

@™ }(:\.) X W [

l |

- - (.’ ) - - - -
[l o gl @™ x &) x @ xa,).

s Xia
Similarly to [21, Lem. 9.1.3], we have an interpretation of orbital integrals in terms of lattice counting,
o (x, 8(#) *ul>] ®0,n )= #al ") = 2@ noal .

Note that the orbital integral on the product of unitary groups depends on the choice of a Haar measure;
but the factor @()M)_" in our formula above makes the orbital integral independent of such a choice.

[]

Analogously, we define the bi-#' | . -invariant Hecke function

= e [‘i.-.)_"'.,[ 1 sl XLl L (8.3.2)

&7 +s
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where in the definition of convolution we normalize the Haar measure such that @()[ J]r“) = &. Then we
have an interpretation of the second intersection problem,

o(r o0 )"0, @uli]) = #@ naE").

Lemma 8.3.1. Let v < <  be even.

(i) We have g™ =g’ (viewed as subsets in sl x ;.[“i...).
(ii) We have ! j_-)[‘i“ — 4l })[ ]

(i1i) We have

[=,

e(# ") e 100 1 ~e(s) T ge oy ~e(sl ) e el
» P £ ta
Q m, ~ #y means that »; and #, have identical regular semi-simple orbital mtegmls.
Proof. Part (i). Write the cartesian product explicitly:
BY = (Ve v € (M) xem (1) x 7 (5) [N =N @ () C NG

But then v = N2 @ (0) with &> C \2. Hence

A[“} - ["7 ]
aa — af
and part (i) is proved.
Part (ii). Clearly we have A Jr\/‘['j]r > Al }.ﬁ[ } . It suffices to show both have the same number of

right )‘M .-cosets. We have natural bijections

» +:."'[:]L../f0 +a =~ +..//°

7‘]

and
[ })[‘j—.‘.//‘[‘i; ~ gl ]/,[ vl
where we note that s N ﬁ['J]r:_ = s under our choice of lattices used to define these compact open
subgroups. Now note that )9[ i; /)[ Jj is bijective to the set of lattices in , of type = containing a
== in NY/8

is bijective to the set of isotropic subspaces of

fixed lattice N of type -, which is bijective to the set of isotropic subspaces of dimension
with the induced symplectic pairing. Similarly sl / sl
dimension —=* in N /N, But we have NY/% = NV /N, since Ny = N @ (7,) with 2, a unit norm vector.

Part (iii). We follow the proof of [21, Lem. 9.1.2]. We recall from [21, (9.1.4)]
9‘!('}_., ""‘) - "( b (@) KR Ly (4'-))7 - = Q(a)_;.x (#)» (833)

for any compact open subgroup # of )( '3,). We apply this to w» = 120 1 and & = )M. By the
+a

bi- s invariance of ®, . we obtain

* (.ﬁ[ ] ®.)[‘i;) )y

=(a,l * @[] %4 1)) ®O [

=@ ) e e, e+ a ) LR

—%

=a(s ) ()" a4 ") e, 1 0,0 L JOR

=a(sl ¥ g(sl)*ul ]®o,[,] :
+&
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This proves that @(,0[ "])_*.’[ 1©® ) ~ @(;[‘])_“L«[" ] Qe -

Next we apply (8.3.3) to w = 0106 and & = sl 1;
+&

L) * (@, @80 Jxa 0
=0,01® (a,01 %0, *a,1)
=0, ® @0+ ) " a(s ) e(s1,) e el ¥ @0 1),

Here, for « € z*()(?)),# € 2°()()), the convolution ¢ % # is defined as the function on )(-) given by
(2 xm)(n) = / t(2)m(27%n) 92,
2€9(+)
By part (ii) we rewrite it as
L) * (@, @80 )Xo )

=0 | ® (@(P[ ])—x @(f[ 7‘]):‘ @(P[‘J—;)_;.p[ l:.’[‘];. * @

] L[]
g + e +.-.)

=e 1) @ (a(sL ) e(s ")l ).

This proves that @()[ "])_"‘.’[ R0 . ~ @()[ ])—’\‘.’[ | ® ul +'j O

+&

8.4. Intersection numbers on the splitting model for + <« < . Let Sl be the flat closure of

=[] [] [o],2 [] [o]

the base change of %" along the morphism ' x @™ 0 — @' ' x @™ . Then i is a closed formal

subscheme of sl | x m['J]r’;, flat over ¢ w3 of relative dimension = — &. We have the commutative diagram
P N B BN L

l l (8.4.1)
I B A[‘l’o‘.'

[ ] [ ] [‘]7.—.

Since A»["J]r’; is regular and %" ° is formally smooth over ¢ w3, we know that the product " * x @™ " is

regular. Hence it makes sense to define arithmetic intersection numbers of closed formal subschemes of
(] [=],=
a0

<;M,— :\‘;M,a

)

the ambient space @' * x &

(ol sl 21

> [ lbeliz =
B, X8,y

where 1. € 9(+2) (&) x 9(+3)(&,). The arithmetic intersection number is finite as long as alhs g

is a proper scheme over ¢ %3, which is the case if 1. is regular semisimple by the standard argument, cf.
[26, proof of Lem. 6.1].

8.5. The AT conjecture + < « < . The considerations on lattice models lead us (by following the
heuristic principles of [21, §9.1]) to state the following conjecture.

Conjecture 8.5.1. Let = %® be even, and v < -« <  even. There exists #' € z*(&) with transfer
(@(5! ’“])_"O)[ ]X)[‘j—‘7‘}’) € 2°(«¢ ) x 2 (¢ ) such that, if & € &' (&)x is matched with 3 € & _ (&),
then

<;M"" ‘}‘,XM">A[ |alehs pir = — O& ( ,L(')‘
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Remark 8.5.2. By Lemma 8.3.1 part (iii), one could replace the function @()‘[ "‘])_ L NS by either
+&

of the other two.

8.6. Relation of two versions when « = . The map m[i’:’. — "‘[i:. is a blow-up morphism and

hence the two horizontal maps in (8.4.1) are genuinely different.

Proposition 8.6.1. Conjecture 8.2.1 is equivalent to Conjecture 8.5.1 in the case o =

Proof. The embedding wll oy al L.. factors through al JL“\ /(m[ L..), comp. [31, Lem. 4.2]. Hence the

support of the intersection 2l N ,},,X[ ] is away from the worst points. Hence we get

CHRERLY ], = CRRE S .
]

— @ . is an isomorphism away from the worst points. U

since the map A[J]r’

["]7 [‘} 5

Remark 8.6.2. We cannot make a graph version AT conjecture in this case, since the space & "~ x & Vs
is not regular. In general, the diagonal embedding of regular (even semi-stable) schemes is not locally

complete intersection.

9. AT CONJECTURE OF TYPE ( — &,=)

Let = %#® + & be odd. Let ¥ < o <  + & be even. There are two versions now: one for an

[ —a] [ +3]

exceptional special @-divisor on @' ™ and one for an exceptional special #-divisor on @' '™ . Both
+&,7 +&,7

lead to an intersection product on wl =5 m[":]r’.:..

When « <  — &, we fix an aligned triple of framing objects (%, &, ) = (WE';},_[;},“) of dimension
+ & and type =, with corresponding embedding of RZ spaces m['}/b LI m['_}_; = m['j_;” ,, cf.

§6.2. We also fix an isogeny %l —* — %[+ as in §5.5, and extend this in the obvious way to an isogeny

al —# - @b+, This defines embeddings of RZ spac[es m}[ — e sl Jr_:] and ml ) oy al Jr_:f'"'], cf. §6.2.

We will formulate an AT conjecture for cycles on % X A[‘J]r’.:., by using the exceptional special divisor
=% on A[J;:-]'
We again use the notation -, = #(@) and 2 = (%), so that » € +; and -2 = (2)*. We denote by

the hermitian space of dimension =+ & with opposite Hasse invariant of -+, and fix a vector », €

of the same length as » and set 2 = (»,)~. Then ° has the opposite Hasse invariant of i

9.1. The naive version via @-divisors. Let +* < « <  — &. Similarly to §8, there are two ways to

use correspondences to obtain natural cycles on the ambient space wl —= m['i.... The first one is to use

[ =&

a correspondence on the smaller space
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The second one is to use a correspondence | J:"'} on the bigger space

T e
o @l +—;:-] L=l

X m[‘i“

+l=al¢ L=l
The first leads to the small correspondence,

_:.7..]

L
L] sl bl

The second leads to the big correspondence,

/AD‘/ + | (9.1.2)

Lemma 9.1.1. The morphism (%, %s): el ml s

1. s a closed embedding.

Proof. Indeed, 2™ is the closed formal subscheme of &' x m["l_; parameterizing pairs (zzl[ —5 ["]) such
that the quasi-isogeny Aj[_‘:'] ot o(A[Z — 4-) lifts to an isogeny a2l 78T 5l Here: : wl —3xg — gl

is the isogeny between framing objects. O

There is a natural morphism which is a closed embedding,

[ 7:'7"‘]

)

—~
N (SN

—a)

Theorem 9.1.2. Let v <-w <  —5&. There is an equality of closed formal subschemes of | X m["j__..,
;[‘] — m[": 7"}
Proof. Indeed, we have a cartesian diagram
~[e] lms =4
+&
| = ]
m(n)l 3 —— &l ;_:‘-]'
By Theorem 6.1.3, we may identify @(=)l —* with a7 Now we apply Proposition 6.2.2. O

Corollary 9.1.3. The space 2 s flat. O
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9.2. Lattice models for the @-divisors. We continue to assume = < —&. Let N2 be the lattice of type

— & in . Fix a special vector », € - of the same unit norm as ». Then &, =\, @ (n,) € & ~>().
L] . (resp. e _:']) the stabilizer of &, (resp. ). We also fix a lattice & € ¢*(~,) such that
N C N Then 2, € & and hence & = N’ @ (2,) for a lattice &’ € ¢*(-). Denote by ﬁ[‘l; (resp. /‘M)
the stabilizer of & (resp. N?).

Denote by ) i

We have the lattice models for the RZ spaces defined earlier, similarly to §8.3. There are again two

—&ye

ways to define intersection problems: the first one uses the correspondence ..[

/\

gl gt gl O

[ "f‘]

The second one is to use the correspondence &', ;

[] [#]

The first one leads to ..[" _:'}, considered as a subset of &'’ x &', . ; the second leads to the cartesian
product

ghlc gl _::7'“}

4o ]

gl ¢ gl +—‘-‘-]'

The argument in §8.3 applies verbatim and we only record the test functions and results and omit the
details of the proof. We introduce the bi-#*invariant Hecke function,

I @(,[ —-"})—:-.)M @ [ sl - (9.2.1)

Then we have
"!(f..-,@(ﬁ[‘})_xb[" =) ® .’[‘] ) — #(‘.[ —&ya) N \‘.[ —:om]).

+&
We define the bi- )[ ]—mvarlant Hecke function

s [»] \—&
BT =e(r ) e Rl PO

and we obtain
e85l ) e |y oal P = @ g,
Lemma 9.2.1. Let v <<  — & be even.
(i) :M = ..[" -l (viewed as subsets in ..[ Iy “[:]L:.)'
(ii) ,[ —-‘-} ] /.[ -] [']

(iii) &(#! ""})‘ ® ®o,[.1 ~o(A) R e 1y ~e(sl ) e sl

+a +a
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Proof. The proof of Lemma 8.3.1 still applies and we only sketch the proof of part (iii). By the bi- s
invariance of ® .) and (8.3.3) we have

- ®O L ~(a

o ] %@ [ —a] ¥ a []) © @ 1)

£ +5

=(e(#) el T THloe

+&

Similarly, by the bi-#l ~*Linvariance of ® - and (8.3.3) we have

sl @ (&, (-2 %@ 1] *a [ -al)

0,[ _;]®.)[‘-L‘- NO) .

=@ el )0, g @ wl T, O

9.3. Intersection numbers on the splitting model for @-divisors. We continue to assume » <

e <  — & Let aih = sl =25 1o the flat closure of the base change of g = gle sl along the
morphism sl = m['J]r’; , = wl =# m["J]r...y ,. Then alhs = slv =35 46 4 closed formal subscheme of
sl = m['J]r’; ., flat over ¢ u; of relative dimension = — &. We have the commutative diagram

RTINS IV
X[‘](—) m[ —&] X m[‘l_;,

[ —&] [o],2 [—a]

Now the product # X @ 7y. , is regular since is formally smooth over ¢ %y and m[ﬁ]r’; , s
regular. We form the arithmetic intersection numbers

<;:[‘]7—7 ;[“]7~—> : _;]X s = (A[ _;0] X A["l;’/,;[‘L— ﬂli .\..;["]’u)’ (931)

a i
for regular semisimple » € ¢ _ (&).
9.4. The AT conjecture via @-divisors. We now come to the AT conjecture.
Conjecture 9.4.1. Let = %® + & be odd, and let = be even with v < o < = — &. There exists
' € z* (&) with transfer (@(ﬁ[ _;"])7*0’[ il el oY) €23(¢ ) X 2N (e ) such that, if & € ¢ (&y ). s
+&
matched with % € ¢ _ (& )z, then
A["]a-’- N A["L-’- _ !/
<A » W >m[ i)l VE= 08 (e, 8).
+&,7
Remark 9.4.2. By Lemma 9.2.1 part (iii), one could replace the function @(/‘[ _'-"“])*”.’[ e by
+&

either of the other two.
9.5. The exotic case =« = 4+ &. When =« =  + &, we do not have an aligned triple of type = + &.
Still, we may formally extrapolate the previous definitions to the case =« = ~ + &. For this we fix an

aligned triple (%, a, ) of dimension = + & and type = — &. This defines an embedding of RZ spaces
sl e sl Jr_“"], We can form the analogue of the “big diagram” (9.1.2). Note, however, that the space

Y4
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| :;'] is only defined when x(..[ :;'}) = &, which we assume in this subsection. Define wl o by the

cartesian product

sl mHec gl sl

l . l (9.5.1)

Ll —sl¢ - J:‘:-]

[ ==l° is the disjoint union of two copies of w7 e [32, Prop. 6.4]. It

[ +-] ol el
+&

comp. Theorem 6.1.4. Then #

is the analogue of 2 in this context. Note that (recall that al :;'] does not contain

worst points, cf. §5.3). Hence al 7o g equal to the splitting cycle in this context. This leads us to

consider the intersection number which is the analogue of (9.3.1) in this context,
[ 7“'}70 . [ 7;0]70 _ [ 7:'] [ +°"} [ 7;']70 " [ 7:']70
<m o >m[ —al el sl T (= XA pa ™ N )- (9.5.2)

But this intersection number coincides precisely with the one occurring in [32, §12], and the analogue of
Conjecture 9.4.1 is identical to the conjecture in [32, §12]. We will encounter the conjecture of [32] again
in the context of =-divisors (when « = 4+ & (Remark 9.10.3)). A closely related conjecture arises in the
context of @-divisors (ATC of type (- — &, + &) in the sense of §11.3, comp. §11.6.

9.6. The naive version via the #-divisor. In (9.1.1) we used the graph of the embedding exhibiting an

exceptional @-divisor as an RZ space. We can replace it by the graph of an embedding of an exceptional
[ —&lo [ +-]

We also assume » = & so that m[ j:]

«-divisor, namely # — W . We fix an aligned triple (%, a, ) of dimension ~+ & and type = — &.

is defined. We have the following correspondence

sl o]

/ \ (9.6.1)

Llmsloc L l-alo ° il

[«]

Then we are led to define '™ as the fiber product

e sl oo

J . J (9.6.2)

o 8loc m[++_:-].

Conjecture 9.6.1. \ is flat.

Lemma 9.6.2. The natural map, given by the left vertical arrow in (9.6.2) and the upper horizontal

map in (9.6.2) composed with the projection map sl +"’°] [j:],

Tl [—=&]0

U o ® =]

XS0

is a closed immersion.
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Proof. By (9.6.1), the space sl 7#1° 5 the closed sublocus of (== e+l ¢ al = j:] where the
quasi-isogeny (4 [ —z X A=) "*0< .04, [ 1z over the special fiber lifts to an isogeny =l 5 — .2l == T

o +a] 773212[ —&) xi

k[+4l l‘ﬁ—nX4.

gl sl 5 gl sl .

By (9.6.2), the space s the closed sublocus of (2l =5 mlAsl gl € wl ) ml +"] x @l J]r where
the quasi-isogenies (4, —z X A-)"* o0+ ;04 [ 1s and Af[,‘:'] Ot _50: 4.OA_[ 4+ OVEr the special fiber

lift to isogenies =[5 — 2l =51 5 T and =l 5 & 2 lo:
o B ot S B S G Y
Al +:.]l lh[ —5] XA l‘, =]
gl L ] g L ol

By description, we have closed embedddings

[l [ =&l [«] [ =&

R X® Y, > ® X &\ [ X® T
O
Note that there is a non-trivial involution # acting on al _:']’O, induced by an involution # on =l +_: +al,
Indeed, = [ —= 42l s the parameter space of tuples (=, ., , 4,7/ ./ /<) where ¢ : #/ — = lifts the given

[

quasi-isogeny &’ — @. However, as shown in [32, Thm. 9.3], given (=, ., ,4) €= ;.f'], there are exactly

two ways to complete it into an object of | N ~= 4 The involution & by definition interchanges these

two possibilities. The involution # commutes with the action of (%) (a,). Using the involution (#,&)
[=ale m['}r;, we obtain another cycle (@, :.):H
[ —.‘.],O

a correspondence (9.5.1), we may interpret the above as a composition of two correspondences. More
[ —&] [ —&] [ —&] [ —&] [ —&]
x @t

+&

— @ .7, and its graph @
We then apply the composition of the following two correspondences:

on the product #

There is a closely related construction. Since @ itself may be viewed as built from al = Via

precisely, we consider the @-divisor embedding —

/ﬁ [i /-] Hk“x

[ —&]

-3l [
.
(9.6.3)
[]

X @y . (not necessarily by an embedding).

A A

The resulting cycle is again ’i["} mapping naturally to #

These two versions are related in the following way. Let us denote by the same symbol the cycle in

[ —&] [«] [«]

w x @7 . arising by push-forward of the cycle <™ along the étale double covering

woml RO ”[:]L:. A A[‘j—:‘

Note that the morphism < is compatible with the action of ¢ _ (& ). It follows that we can recover the

[=she o bl

pull-back cycle on # " . with the help of the involution,

o —.‘.(;["]) ‘[ o] I (@ ( )N[']
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[ —&]0 [ —a&] [ —&lo

Moreover, since @ - & is a trivial double covering, we may write = =
wlmabt ]_[m[ =T as a disjoint union, where each of wlobE maps isomorphically to sl
Via the map fi["] S oml —;.],07 we have an induced decomposition

;M _ '([-]7-5- II i[‘-]y—
Then the natural maps ;M’i e R m["J]“.. and ;[‘]’i N L m['i... are both closed immersions.
We have on sl ~=1° x wl] o

(ty, :.)’i["]::t — ;["]7$

and
(@) = 1 (e, 5) T

[«]

Note, however, that the names given to each summand of '™ is not canonical. It will turn out that for

intersection numbers this non-canonicality plays no role.

9.7. Lattice model for the =-divisor. We continue from §9.2 to let %’ be a vertex lattice of type
— & in 2 with stabilizer ,0[ =5 Let s 7% be the index two subgroup of ﬁ[
the map ® : =« : sl o

_:'], being the kernel of
— (@) = {+&}. Fix a special vector =, of the same unit norm as ». Then
v =N O (n,) € ¢ ~*(). We assume that - is the split hermitian space. There are exactly two
vertex lattices of type =+ & contained in %, see [32, §9] or Lemma 9.7.2 below; we fix one of them,

called . The choice of & will play no role, see Remark 9.7.3 below. We fix a lattice \[* € = *(+) such
[ +3] [«]

that &[* O . Denote by » 4o (resp. #7, ) the stabilizer of » (resp. W[, and by ! 4::} the stabilizer
of ny. Let 5l ;.f" tal _ 4l Jr_:'} N sl f‘.f'] be the stabilizer of the lattice chain & C .

We now consider the lattice models of the RZ spaces. We have the following cartesian diagrams: one
analogous to (9.5.1),

gl s gl iy +a]
l m J{ (9.7.1)
P Lt I ;,f']
and the other one analogous to (9.6.2)
;M _ [j:.:.,-]
J . l (9.7.2)
gl =% [j::‘-]

More explicitly we have

@7 = (Vo) €6 TR e ) )t () [N B () D v ek
Remark 9.7.1. In general the set @
transitive. To see this, we first note that the action on the set of pairs (v’,%) € & ~=(:2) x & +=()

is not an RZ space, in the sense that the action of » = ¢ , is not

—&],0

such that ¥’ @ (n,) D ~ is transitive. Fix such a pair (8’,%). Its stabilizer is !
index two of the stabilizer | ~* of \”. Then the set of \[* € ¢ *(-,) such that & C \[ is bijective to

, a subgroup of

the set of isotropic subspaces # of dimension —t2== in ¥ = \"/\. Let 3, denote the reduction of =, in

7. By Witt’s theorem there are several orbits under ! _:’]’o, characterized as follows: (1) », € & (this

case does not arise if « =  + &), (2) 7, ¢ & and », L&, (3) », ¢ & and », is not perpendicular to k.
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Note that when = = ~ + & we have @ "= = &l ~*°. We have the lattice model of (9.6.1)
[ 7:'}» [ +“7‘]
- X s
[ —&lo [ —&]o [ +a&] [ =&l [w]
- e X 45 [+ X & 1s
We introduce the bi- )9[ +"]—1I1va1r1a1r1t Hecke function
[ 45e] [«] \—&
B =8, ® ® . 5 9.7.3
+a (FH) 770 L ) %@ 1) (9.7.3)

Then we have
"!(T:.:,@(/‘[ 7:']’0) ) Sl—alo & L[ +""}) = #(;M N ﬁ?.:iM)“[ —alo el -

[ —alo ;.[ ~51° Gver ..[ —&]

There is an involution # : & and we can form intersection numbers of two

different cycles (interchanged by the involution):

— 5,0\ — ¥ +&,e ~l= ~l=
”!(.f..,@(ﬁ[ ) ) x.’[ —ilo, & L:[ TN ]) = #((w, &)i[ ) N .,‘..ﬂ[ ])‘[ —sho il
where 2 is any element in ,0[ = \,0[ —&le (see also Remark 9.7.3). We may push-forward the cycle ;M
L=ale gl =% down to wl = x ..[”"J]r , still denoted by @,
Then the projection formula shows that the intersection number is then the sum of the two above, hence

"E(_‘;A,@(/‘[ _;]’o) A ® Le[ +&, v"}) = #(;M N .‘.GM)‘[ —al gl

+&

along the étale double covering map <« : &

There is an alternative interpretation of the last one, namely via the lattice model of (9.6.3), involving
a composition of two correspondences on the larger space:

‘.[ _:'] X ‘.[ +_.'"1 +:'] ‘.[ _:0} X ‘.[ :n,m]
T gl s gl gl gl

Correspondingly we define the Hecke function

sl o e et ) el ) e AUl X @ el ] X @ ki) % @] [
+.. Pt +57 +a +5 F+s
and we have
\ [ —&]y—% [ =& o] ~[a] . =[]
o(h,8(» V)0 -y @8 ) =FF@ " N ) ) -

As the following lemma part (iii) shows, the two interpretations are equivalent.
Lemma 9.7.2. (i) We have ! "]/)‘ e «(®) and the composition map

sl

—— A AT 2 o)
is surjective with kernel plmale,
(i) We have ALl +°'] — 5l +“])°[ ::]

(iii) We have

@(/‘[ —&},O)—x. . ®L¢[ :—:m] ~ ®()[ _:-])—36. . ® L[ +:7 +.‘.m}‘

)



56 Y. LUO, M. RAPOPORT, AND W. ZHANG

Proof. (i) The hermitian form induces a non-degenerate split quadratic form on the %*-dimensional vector

space N /%, over the residue field ® = %, /(%). Then the reduction induces a surjective homomorphism

! +;] — A(NY/Ny) = a(#) (o). The two «-modular lattices NF correspond to the two isotropic lines and

hence their stabilizers are the same and can be identified as = (%)(®) ~ ®*, the kernel of ® : a(%)(®) —
« = {£&}. We summarize these facts in the following commutative diagram

o sl gl gl el

] |

(%) ——— A%) ———— .

[

Note that the image of the vector = in %Y /%, is anisotropic. The image of » “#lip A(%), being the

stabilizer of this vector, is therefore isomorphic to (&) ~ « 4, which therefore maps onto the quotient

A(%)/ (%) = v

(ii) By (i), » [ "] N )[ el )[ +;" “* is an 1ndex two subgroup of s iy “l. There are exactly two
cosets in )'[ "].P[ ;L:] Jr/,0 :':.“]’+ /)[ +& =3 4nd since by (i), Pl maps onto this last quotient,

the assertion follows.

(ili) By (i) we have ® ), =®, 2, += and hence
s +..
“[ _;::7 +-‘.,~a]
:ﬁ()[‘i‘)_:.@()[ :-;])_x. [—a] L +a] * @ [ 4a) oR * @ [ 43 * @ (45 [
o had V4 b +a » +5 e +.. +5& +..
:@(/‘['J]r:.)_:@(»’[ f:])_*@(/‘[ _:']’o)_*O [—a] %@ [43] * @ [+3] o] *@ [ [+:] %@ [+a] *@ |
e +.. +.. Fta QY +..

=e(sl "H) e L rl P ve,

=o(s ) el Ty (@ w T n ).

By the bi-# ~*Linvariance of ® - and (8.3.3) we have

@, -a® ! _:.""] ~® [ - ® (... [ —a] * 5! _:_f'"} * Ll —a).
It follows that ®()°[ _5}’0)_" ) ® y[ +“’*] (‘,[ —-‘-])— ‘(@ “[4__-., +age] 0

Remark 9.7.3. We comment on the (independence of the) choice of the type + & lattice & contained in
. Let &% be the two choices and add the superscript + for the various groups in the lemma above. Then

for any element 2 in ! "]\,0 ~*° e have v~ = 28+ and )[ +“} = ’%,0[ +“] 2 ,,ﬁ['J]r- = J_,O[‘] o,
Then in the function I&[ +""] we have
® [+, wl—*O[aJ—H—J B e P E R SN L R
Pora Pora 2808 Fots Potafors B
and hence u[ +"’ b= [:.“"‘] "™ o #(2) where #(2) denotes the conjugation by 2. Then we have

+u,'~ - N +
[—~10®“[ b= ~ (& a0 0 (27 ) @ sl
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Since ﬁ[ ~=1° 45 a normal subgroup of ﬁ[ 7:'], we have & [ —alo © (27 = &, (sl
9.8. Intersection numbers on the splitting model for =-divisors. Recall that we defined ;M in
(9.6.2) and that we have a closed immersion
Ay gl o “[i:.'
Let ;M" be the flat closure of the base change of ;M along the morphism sl —abe m[‘l’; B

X A»["J]r’:‘., flat over ¢ w3 of relative dimension

= Coincides with ;M

[‘J]r;. Then i[']" is a closed formal subscheme of ml'~°

— &. If Conjecture 9.6.1 on the flatness of P holds, then ¥
points. We have the commutative diagram

A

outside the worst

:["]7-—( m[ 7“]70 X m["l;

| l

e sl 5ol

[“] r_

[=2l, bl < ¢ is formally smooth over ¢ « 5 and @770 is regular.

[¢] . .
X@'70C is regular since @

Now the product # [=a],

We define the arithmetic intersection numbers
~leliz | lelz R e I D g R e I
() = e sty e o ey,
for regular semisimple 1 € ¢ _ (& ).

[‘} ’

9.9. Refinement in terms of « *. We have a decomposition

G Wt -

and, correspondingly, the splitting version

;[“-L— — ’i[‘]:‘h— H i[‘]vfa—-.

We define the arithmetic intersection numbers
<§[‘Liz—? .‘..i[‘]vi»—> [ _‘] [
~ - X

for regular semisimple 1 € ¢ _ (&-).

o= el T sl b e by, (9.9.1)
+&

Lemma 9.9.1. There are the following equalities of intersection numbers:

(i)

<;[*],+,;7 ?*:M’Jﬁ‘> [l el <;M,—,_’ ?‘.~§[*]’_7*> L=l elele
< L PYEY 5 L PNEY
(i)
<;[-¢u],-‘r,.—.7 i\“:[‘}7_7_> [ 7;] [‘]M — <:[‘]7—7.—.’ i\,-:[‘]7+’_> [ 7:.] [‘]H .
™ X e N X Y
(iii)
<;[‘Q]7i’ \;[‘]7—> e . =% <:[‘]7+7—, \;[‘]7+7-> - ol -
= X8 1s - R PNEN
(iv)
<(4’, :.);[‘],—7 \:[.]7‘> [ 7;.]70 [‘],‘ = x <:[-.]7+7;7 .}..‘;[‘],_7—> [ —;,] [‘]u .
] X +a & xX®& +&
Here :M’Jr" means both the cycle on wlTE0 X m['J]r’; and on wl ol X A»['J]r’;.
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[‘}74’7-— [ } +,=

Proof. Note that « = Wl along the étale double covering map = : wl e m['J]r" ml T
AM". By the projection formula and the fact that « commutes with the action of i € ¢ _ (&), we have
<§M’+7‘, i\..i[']’+’“> [ —a] lele
- X4
~["]7+7-’- . N[‘]?"’_vé
=( o) L
. 4
:<;M’+7‘v ﬂf»~‘°\*:[‘]7+"> [—alo lal.e
- XE e
= () e e (T
~ UX@mT ~ ShP mtt=
+a +a
Similarly, we have
<:M’7", .f,;;[‘]’i"_> [—a), el
- X4
— <I[‘]77’—’ n\n‘;[”"]:fv—> e . 4 <:[‘}777—7 .\.‘<"" a)’{[‘]777—> S e
~ *hP mt®h= =~ e st =
+& +&
Finally we have
[ } +7— [‘] +7—>
_ - [‘]’ =y - N[ ]: I
= (tll, )\ (\P, ob)\ [ —al,0 [‘]
~ X
— <§[‘QL 7—, iy K[ ]a r=- [ _:.],o [‘]’_ ,
~ X ta
since (#,&)%(#, &) = %(#,&)* = 1. Similarly,
< +7— .\ :\.);[‘]7_7—> il " — <:['ﬂ]7_7—’ \‘(‘p’ a);["ﬂ}7+7—> [ il [ )
-~ ShE it = ~ b=
+a +a
This proves (i) and (ii). The remaining equalities are proved similarly. ]

Remark 9.9.2. The identities (i) and (ii) in Lemma 9.9.1 show that for the intersection numbers, the
labeling of the two summands of K[ - (which is not canonical) is unimportant: if the meaning of + and
— are switched, the intersection numbers are unchanged.

9.10. AT conjecture: the case of the =-divisor. We now come to the AT conjecture.

Conjecture 9.10.1. Let = %@+ & be odd, and let  be even with v < - <+ &. Recall from (9.7.3)
the function L[ +""] €z (« ).

(i) There exists &' € z*(') with transfer (a(# ~*°)~e@ ®, -=® sl +“v"}’\') € z*(« ) x 2%(¢ ) such
that, if & € &' (&) is matched with . € & _ (&), then

U T — _ e (o).

(ii) There exists &' € z* (&) with transfer (@(ﬁ[ _"'}"’)*"o —zl0 ®L[ +“"] ¥) ezt (e ) x 2 (e ) such
that, if & € &' (&)= is matched with . € & _ (&), then

*® <§M’+"‘, .?..‘;[‘]’+’—> e D= —08 (a,#).

+&

[ —a]

~ X
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Similarly there exists ' € z*(&") with transfer (@(ﬁ[ 7:']’0)_".’[ s, ul _:r:"'], v) ez () X2 )

such that, if © € (& )y is matched with \ € ¢ _ (&), then

3 <’i[‘]’+", _\.fi[‘}’_"> e M= —0m (8,#).

=2l gl

~

Here 2 € )() (&) is an element in sl \)'[ —ale,

Remark 9.10.2. In (i), by Lemma 9.7.2 part (iii), one could replace the function @(/‘[ _:']’O)_“Q [ -2 ®

;
L<[ J::'"] by @(f[ _;])_xO)[ ] ® Lc[ J:" +:"'].
Remark 9.10.3. When « =  + &, we have identifications s = I — 509 and an identifi-
cation
wb ol o m[::]m — wl s m[:;:.}_

Therefore, thanks to Lemma 9.9.1 and [32, Rem. 12.5], Conjecture 9.10.1(i) is equivalent to [32, Conj.
12.4]. On the other hand, (ii) and (iii) are refinements of (i). Compare also §9.5.

Remark 9.10.4. For « < — &, we can also consider the small correspondence for =-cycles (see also
§11.1). Let

[ _;7‘]70 .

B e X [ -z wl mhe,

Then we may consider the following correspondence:

x4 [‘4]-:.

T

sl sl oal al=slo  glel

A[ 7“'7"‘]70

Then wlwmle is a closed formal subscheme of P m['J]r;. Recall from Lemma 9.6.2 that fi["] is

also a closed formal subscheme of sl ~*h° x m['z]n... We claim that there is a natural closed embedding
wl mambe oy T, (9.10.1)

Indeed, we have a cartesian diagram by Theorem 9.1.2,

| o |

.l m[Jr_:.]

A[ 70"7"]( , m[_;:'»"]

[ —a] sl oo g isomorphic to the fiber product

[ _:'7‘]

and the base change # X

A»[ _:'7‘]70( }A[:_‘;.’ _:'7‘]

I

A[ _:'7‘“}< >A[+_‘:.7‘]'
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Hence we obtain a natural morphism sl ==l [ —a] wl oo o glmamle m[f..f’"'}. We also have a

=l [ 2] wlmEe L gl _:'}’o, and it is easy to verify that the resulting diagram

¥

natural morphism =

Ax[ _:'7‘]10( , m[:‘f‘%‘}

| =]

m[ _:']70( m[:;]

is cartesian. Therefore by the definition (9.6.2) of PO

, we obtain the map (9.10.1).
We do not expect (9.10.1) to be an isomorphism. This is based on the computation on the corre-

sponding lattice models. Indeed, using (9.5.1), we have

[ 7‘-']’0

G =V e €8 TR x e TR ) v OV e ()
Using (9.6.2), we have
B = (M N n 42) €67(9) X 8 H(0) X 8 TR [N 4a OV LB (8 s C b

On the other hand, we have (see also (11.2.5))

[ 7:'7"‘]70

= {(N N N g €577 x e TR x e TR [N L ONIN pa CN L@ ()]

[«]

[ _:07‘]70

One immediately sees that & C @ " is the proper subset consisting of triples (\,,\"_;,\ +3)
such that § 45 C \b_; @ (M) C N\

Therefore, we do not expect that the AT conjecture for the smaller correspondence is equivalent to the
AT conjecture for the larger correspondence in Conjecture 9.10.1. On the other hand, the AT conjecture
for the smaller correspondence for the «-cycle is equivalent to Conjecture 9.4.1. This is straightforward

from the following cartesian diagram:

A[ _;07"]70( , m[ _:']vo X A[‘J»‘

e ]

sl o sl

Indeed, using the projection formula, we have

— <'-,-‘*(m[ - '}’o), a5l _;7‘]>m[ &yl

On the analytic side, we replace the transfer function (@()[ _:'"])_".)[ il gle] ,¥) €N () X2 (L)
+&

by (@(ﬁ[ 7:'"']’0)_"0;[ ~alo gl , 7). One can use (8.3.3) to show that the orbit integral of the latter
i

function is twice that of the former.
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10. AT CONJECTURE OF TYPE (=, )

Let = = %® be even. Let ¥ <-w <  be even. We use the exceptional special divisor @(») [ on m['j]r’;,
for a unit length vector » € & ;.. This can be identified with A»M”, cf. Theorem 6.1.3. The intersection

o] (]

product takes place on # X & Lo

[o] L [w]

We fix an aligned triple of framing objects (%, &, ") = (ﬁ/b ,a, , M) of dimension =+ & and type -,

with corresponding embedding of RZ spaces ,m[",];b = wt) ['J]n.. = "‘['i:., ,, cf. §6.2. When = = ,

[#]

N > A

we impose that »” = &, since otherwise ™ is not defined. As in §8, we have a small correspondence

and a big correspondence. For the small correspondence, we fix an isogeny w11 = »l) as in §5.5, and

extend this in the obvious way to an isogeny @l ! — @l*l. Again, this is only possible when »* = &.
[J]“.. and =l ) < m[;ﬂ, cf. §6.2. For the big

correspondence, we fix an isogeny @l | — @l as in §5.5, which allows us to write s Jj

We again use the notation , = x(a) and % = (%), so that » € ; and 2 = (2)*. We denote by

This defines additional embeddings of RZ spaces wll s m

the hermitian space of dimension =+ & with opposite Hasse invariant of -+, and fix a vector », €

of the same length as = and set 2 = (2,)*. Then > has the opposite Hasse invariant of E‘

10.1. The naive version. Similar to §8, there are two ways to use correspondences to obtain natural

[ 7"}

cycles on the ambient space m[':], x il J]“... The first one is to use a correspondence # on the smaller

sl ol
!

syl gl sl sl ]

[ +:] on the bigger space

space

’®

Recall that here »* = &. The second one is to use a correspondence #

s 5 sl

PN

)
AP S I s sl ]

b

=&):

Here is the resulting small correspondence (for which we assume »

m[ "‘]
PN [+] ~

Here is the resulting big correspondence:

U, all

There is a natural morphism
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Lemma 10.1.1. Both morphisms

. A[ | N ;["}’ (,,\;",\ ): ’;\M N A["] X m[i;

are closed embeddings.

[«]

Proof. We first show that (%, %) is a closed embedding. Indeed, =™ is the closed formal subscheme

[o] []
+&

the special fiber lifts to an isogeny =[] — 2%l x T where « : @l] — %[ x @ is the isogeny between the

framing objects. Since 5 is also a closed subscheme of ™ x ! Jr_.', we conclude that .. is a closed

embedding. ([l

of @™ x @ parameterizing pairs (zzZ["‘}, ol ]) such that the quasi-isogeny (4 ,i.j X A=) %0 0 4_(.) over

.

Conjecture 10.1.2. The space w s flat.

[=] shows

[w]

Remark 10.1.3. Note that when « =  (and hence »* = &), the cartesian diagram defining =

] _ =0 ] [

that the morphism B e is an isomorphism. In general we expect # and =~ to

be non-isomorphic.

Proposition 10.1.4. There is a cartesian diagram, where in the bottom line appear special cycles on

[]
Fa

A

A[ 7"] ( ;["]

J . l (10.1.1)

.(“1)[ ]C—> (\)[ ]

Proof. Let # be an algebra over ¢ u; and let (=[], .2l*l) € XM(Q) be any ®-point. By definition, we have
an isogeny =1 — .zl x T lifting the quasi-isogeny between the framing objects. The composition

e — .l x T — Al T Rl

defines a lifting of the quasi-isogeny = : @ — @l V. Therefore, the composition ) < ml +:] s wl i

factors through = ("*)[ I. Consider the following commutative diagram,

Sl ~[o]

m

% el ¢ __(‘,,,)[ ] X [ A[_;_:]( A[_;_:]

+&
D J/

m(n)l I ye(mlle—— s ull

The bottom left square is cartesian since the bottom rectangle is cartesian. The top left square is

cartesian since =l %) ¢ 3 ¢ «(m)l X 1] al +'j C @l +:] as closed formal subschemes. Therefore, the
+&

left rectangle is cartesian. O
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10.2. Lattice models. This subsection will again be modeled on §8.3. Let N’ be a vertex lattice of
type = in ", and denote its stabilizer by )M
v =N @ (n,) € () (here -, is the split hermitian space). We fix a lattice & € ¢ () such that

% C %. Denote by ! L.. (resp. )'["J]r;) the stabilizer of & (resp. %).

. Fix a special vector =, of unit norm such that the lattice

)

We have the lattice model of RZ spaces: ™7 and

B =W N e () xe () v eV @ ()
We have a disjoint union induced by the two possibilities that either », € & or », ¢ N :
gl = gt H:["]v_.

We first assume »° = +&. In the case when =, € \, we have \ = \Z O (»,), with \lf.‘ C N, Therefore

[«]

for this part of @™, we obtain an identification

:["} y+ ]

n[" .

We then look at :M’_. If » ¢ ~, then N + (0) is a vertex lattice of type = — %, and is of the form
N (7)) =N @ (0,), for a unique N € ¢ ~F(+?) with &2 C N’ Hence we obtain a map from this part

of ™ to al 7. Hence this part of & ! appears in a commutative diagram

N[‘]v [ —%

ah _%‘_j’_:"

l l (10.2.1)

g% gl J::]‘
However, we caution the reader that the diagram is not cartesian! To see this, we note that the right
downward arrow has fibers of the form #*(®), parametrizing all isotropic lines in the three-dimensional
quadratic space ¥ := (V) @ (7,))/%(N2 @ (2,))Y, while the image of the fiber over a point (\,N)) €
sl 7 under the top map omits exactly two of the « + & points in the fiber of the right downward map
(the two isotropic lines orthogonal to the image of =, in ¥).

b b

- ,+
We now assume »” = —&. Then [+

is not split. The argument above shows that & is empty and

we have

:[,] _ :[-L—'

Now the diagram (10.2.1) is cartesian! The difference is that now the orthogonal complement of the
image of », in ¥ is a non-split 2-dimensional quadratic space.
Similar to §8.3, we have the bi-#! Linvariant Hecke function, cf. (8.3.1)

sl @()M)_:‘O,[ ool * @ ] []- (10.2.2)

Then we have
o(n,0( )l oo, )= #@ T nual ).

+a
Similarly we have the bi—f['J]r:_—invariant Hecke function, cf.(8.3.2)

L‘[‘-i’--‘-] = @(ﬁ[ _}5_:.)7:'.’[-1;;[ jt:. * .’[jt:.’[i:.’ (10.2.3)

and we have
~ (..\v:, @()[‘-})—X.ﬁ[‘] X L([tll ]) — #(:[“] N \:[a])
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Lemma 10.2.1. (i) When ¥ <= < = — %, we have

#f[‘ \/' /'° +..

(ii) We have

[ ] - [ 7‘“] ~ [ 7'} —%
@(f ) " ®.’[J]r; @(ﬁ ) .’MX’[L’.
when #° = +&, and
@()M) 19 L{[m | @()[ M])—x. e
FURE s
when »’ = —§& (this case only makes sense when o < = — %).

Proof. (i) Denote by ¥ = N\, /wNY the vector space over ® of dimension ( + &) — = > « with the
induced quadratic form. Then «N\Y C ¥ is an isotropic subspace of dimension ( = — «w)/%, and hence
defines a parabolic subgroup = C %(¥). The reduction of the vector ». is anisotropic and its orthogonal
complement in ¥ is denoted by ¥°. Then we have a natural bijection:

AL S L o (PN a() /2 2 CON(0(9)/0(2)) x (5(9)/2)]

where in the last quotient %(¥) acts diagonally. Now by Witt’s theorem (cf. the argument in the proof
of Lemma 6.1.1 in [21]), there are two (resp. one) orbits if ¥” is split (resp. non-split), corresponding to
2 =44 (resp. /= —&).

(ii) The proof is similar to that of Lemma 8.3.1 part (iii). We sketch the proof for the case » = +&;
the other case is similar using part (i) » = —&. We use (8.3.3), and @ | *® ) = @(ﬁ[ })0 (1,0- Then

SO0~ x0xa )00
=a(# ) e(+) (A ) (0,00 r 0 0) @0,

—e(s ) * (sl )rul ] ®e, . O
+&
Remark 10.2.2. We comment that the product ﬁ[‘i )‘[J]r )‘[ ! . depends only on &, = N, © (n,) €
¢*(~+) but not on the choice of & € ¢ () such that & C ..

Remark 10.2.3. Let ¥ <w <  —%. When »* = +4&, part (i) shows that A" acts on s" s /)‘[" with

]

exactly two orbits. The first one is ﬁ['])‘[" Wlth the stablhzer being the subgroup AU of 501 For the

second one, we choose any representative » € )' \)[‘ ] Then the stabilizer is the subgroup
[’-‘]7_

sty b g gl

of )M, which is independent of the choice of 2. Then in the disjoint union :M = :[‘]’4— H:M’_
M with ( b,)/)[ =l and identify S with »( i)/)[‘]’f. Similarly, when

=G with () /(A L.

., We

may naturally identify &

s = —&, we may naturally identify G
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10.3. Intersection numbers on the splitting model for the smaller correspondence. Assume

that »° = +&, so that w11 is defined.

[w] [] [o] o ]

[‘7 ] )=
XB 15 78, X 4.

x il _L.., flat over ¢ % of relative dimension = — &. We

Let 2™ be the flat closure of the base change of & along the morphism #

Then el is a closed formal subscheme of s

have the commutative diagram

;:["]7/( m["‘}w X m[_]’_‘

| J

SR s sl ],

[]; [] []

X @' . is regular since %" | . is formally smooth over ¢ % and =

["} &

Now the product # is regular.

We form the arithmetic intersection numbers
Slheliz |, alel,z B N [ =olelz g, olele

for regular semisimple 3.

10.4. The AT conjecture for the smaller correspondence. We now come to the AT conjecture.

Conjecture 10.4.1. Let = %@ be even, < a < even. Assume that »° = &. There exists
w' € 2°(¢") with transfer (@()[ "‘])_ ® 1 ,Y) €z () x 2 () such that, if © € & (& )s is

Al ]
matched with % € & _ (& )x, then

Remark 10.4.2. When « = , since #1545 identical to ! ], Conjecture 10.4.1 is identical with
Conjecture 8.2.1 in [31].

10.5. Intersection numbers on the splitting model for the larger correspondence. Let el

Sl [o] [] [o]

be the flat closure of the base change of & x> a1 Then 30
is a closed formal subscheme of # [

+a-
['i’.:' J]r;, flat over ¢ %y of relative dimension =~ — &. If Conjecture
10.1.2 on the flatness of 3™ holds, then =l
commutative diagram

along the morphism #
N

®l= [‘]

coincides with %™ outside the worst points. We have the

;:["]7'( s m[‘}v X m[i;
J J (10.5.1)
~Tlc sl ]

By Lemma 10.1.1, the horizontal maps are closed embeddings. We define the arithmetic intersection

numbers
N["]v’ \ N[‘]V o [‘Lr [ ] ~["}71 ( N["]vf
<m s hE >A[-] el = (= X & Lo, N* waw00),

= 7 +& 7
e ot

for regular semisimple 1. € ¢ _(&).
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10.6. The AT conjecture for the larger correspondence. We now come to the AT conjecture.

Conjecture 10.6.1. Let = %® be even, ¥ < = < = even. Recall from (10.2.3) the function f'["jrj €
2 ().
There exists #' € 2° (&) with transfer (@)(ﬁ[‘})_ @, ® t.['_;_J, ) € 2% () x 2°(¢ ) such that, if
€ &' (& )x is matched with . € & _ (&), then

Remark 10.6.2. When « = , we have = 51~ &0 Since =0 is identical to w!] by Remark
10.1.3, Conjecture 10.6.1 is identical to Conjecture 8.2.1, i.e., [31, Conj. 5.6].

Remark 10.6.3. For each « < = — %, there are two cases depending on »” = +4&. When »’ = —& we
could replace the test function by the simpler @()[ "'])_ L ST by Lemma 10.2.1 part (ii).
+&

11. AT CONJECTURE OF TYPE (=, + &)

Let =%®+ & be odd. Let ¥ <w < — & be even. We use the exceptional special divisor @ () [#],2

on m['ﬁ]r’;’., for a unit length vector » € & ;.. This can be identified with m["]”, cf. Theorem 6.1.3. The

intersection product takes place on alhe s wl r;'].

We fix an aligned triple of framing objects (%, &, n) = (’?E'b],_[;'], ») of dimension =+ & and type -a,

with corresponding embedding of RZ spaces A[‘];b — sl m['j]r:_ = m[']]r:.’ ,, cf. §6.2. We also fix an

isogeny #l = — %[ as in §5.5, and extend thié in the obvious way to an isogeny @l —* — &l*l. This
be) ['Jr_.. and ml % [;.f'] and ml == < 5l J:..f"‘], cf. §6.2.

We also fix an isogeny @l +* — &l ==, This is only possible when » = &, which we assume throughout

this section. It allows us to consider the RZ space =| j.:'], and ! Jr_:" +2l with its natural morphisms to

L] )
+&

defines embeddings of RZ spaces #'" — @ — &

and ! Jr_:]
We again use the notation 5 = x(@) and 2 = (%), so that » € ~; and 2 = (n2)*. We denote by

the hermitian space of dimension =+ & with opposite Hasse invariant of -+, and fix a vector », €
of the same length as » and set - = (n,)*. Then ® has the opposite Hasse invariant of 2. Note that

is the split hermitian space.

11.1. The naive version. Similar to §8, there are two ways to use correspondences to obtain natural

cycles on the ambient space w5 J:f']. The first one is to use a correspondence sl %) on the smaller

space

[ —& +5&]

— T

b=t b3 ol 3 it ol 3]

Note that, since there is no (natural) embedding from wl =5 o wl j:], we are forced to use an almost
trivial but nevertheless essential correspondence on the larger space.
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[ J;'.] on the bigger space

The second one is to use a correspondence #

- +&,e
) sl o

TN

o - - - +:o
sl sl sl sl 8]

A

We define the spaces wl == and ml T80 by the following cartesian diagram (see also Theorem 6.1.4

and Remark 9.10.4),

A[ 7:'7"“]70 s A[ 7:'}70( s A[_::_:-" 7'-']

|« | - | e

el el Sl—al¢ A[J:_—‘-]‘
We can factorize the outer cartesian diagram

m[ 7;7"]70 , A[j::"v 7"']

l . l (11.1.2)

=5l - J:._.-‘-]

in an alternative way,

A[ _:'7“]70( s A[_:_‘:” _:'7‘] s A[:f‘v _;]

l 0 l 0 l (11.1.3)

Sl—alc sl -5 a8l

To see these cartesian diagrams, we construct all of these spaces from the following skeleton,
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We arrive at the following cube by taking successive cartesian products

m[ _;'1"}70( m[ +&, _:'7"]
+&
Ax[ _:']70( A[ +&, "]
+&
(11.1.4)
L=l s
[ )
. ale ]
+& -

In particular, all of the faces are cartesian, and all of the vertical morphisms are étale of degree two.
Note that the bottom cartesian square follows from Proposition 6.2.2 and the right vertical face is
obvious. Then the two factorizations (11.1.1) and (11.1.3) come from the front-and-left faces and the
right-and-back faces respectively.

From the big correspondence, we have the following fiber product diagram

(11.1.5)
Lemma 11.1.1. The proper morphism
(%a, %) : =[] wll m[:._:‘-}
is a closed embedding of formal schemes.
Proof. Indeed, 2™ is the closed formal subscheme of &™) x ! j:} parameterizing pairs (2%, = %) such
that the quasi-isogeny =l T5 — .2l+) x T lifts to an isogeny. O

Note that the cartesian square in the back face of (11.1.4) can be enlarged into a commutative diagram

sl —smloc m[-._;_‘—:., +5] ”[‘#ﬂ]

- |

whmHe gy (11.1.6)

[«]

Therefore, from the outer square there is an induced morphism

[ —&sm]0 =[]

N —w

which is a closed embedding.
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Theorem 11.1.2. The natural map

18 an tsomorphism. In other words, the big correspondence and the small correspondence coincide as
formal subschemes of w™ x J:r:'}.

When « =  — & this holds trivially and both spaces are isomorphic to wl ~#° The proof of Theorem

[

11.1.2 is given in §12. In particular, we obtain from the structure of # —=] the following statement.

Corollary 11.1.3. The formal scheme e 1s flat. O
[«]

Fix a special vector »., of unit norm such that the lattice w, = %> @ (2,) € ¢*(-). We fix a lattice
N € ¢ () such that & C w, and denote by )‘[ +°']
hermitian space).

11.2. Lattice models. Let N’ be a vertex lattice of type w in k?r and denote its stabilizer by »

the stabilizer of & (recall that - is the split

We have the lattice models @~ and :[ ~=l of RZ spaces. Similar to §8.3, we have a bi-sl =L

invariant Hecke function, cf. (8.3.1),
w7 = g(sl) e OSSR JEARSP (11.2.1)

[ —a]

and a bi-» 45 -invariant function

Wl el ) R AT (11.2.2)

We have
Q(\7®(’[ _;])*?‘&[ } ® L:[ "7 +“]) #(‘.[ _:'7"“]vo n \‘.[ _:'7“‘]70)‘
[]

Similarly we have the bi-#'" . -invariant Hecke function, cf.(8.3.2)

[w, +5] [+ —&
@ . =@, ® . NEX | ol el - 11.2.3
Ga (Fra) 7700 e £ @ ()l ( )

Then we have

(050, @ w1 ) = #@ nna).

Lemma 11.2.1. Let <  — &.
(i) We have

Both are “finite étale double” coverings of ..[ —5e] (namely, every fiber consists of two elements).
(ii) We have
/.[‘]\).[‘J]r;/)[l:-‘-] -,
and
#f[‘]p\"[‘}r:./’[‘i:f;] =%
(iii) We have

[« " +-] —& s

a(s! _“"]’°)"‘o,[.] ®o)[?] ~a(s")*e L ® a(sl Tl T ®p[
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Proof. (i) For the big correspondence we have

B =WV e x et () x e T N eV =V @ () =

(11.2.4)
={(V.N) e (D) x e THE) vV @ ()

For the small correspondence we have

G T = NN VNN € 87 () x 8 TR x et () x 8 TR(E) x 8 () |
N=Nam)as =N e )N N NN (11.2.5)

= {(N A2 N €7 (#)) x & TR x e TR [N N N e N @ ().
We get a bijection because given (\b,\) € 3[“], we can reconstruct uniquely the missing entry \':.. by
the chain of inclusions & C* %+ (2) C N’ @ (), which implies that N2 is the unique solution of
N (1) =N @ (n) (we use that = is a vector of unit length).
(ii) The proof is similar to that of Lemma 10.2.1 part (ii) as an application of Witt’s theorem and we
omit the details.
(iii) The proof is similar to that of Lemma 8.3.1 part (iii). By the bi-#"-invariance of ® ) we obtain

0,[..] ® .,[ f;’] N.ﬁ[‘] & (.‘.,[..] * 0/,[ ++;.-.] * .‘.)[‘.])-

Now note
2 x@ =) e 1 xe 1y =e(s)Fe(s n sl e
» Yk A ey te PR
where s 0 L = sl =5mbe By part (i), we have sl TE = sl gl R LR G SR
Hence
. R0 i ~0 . ® @ T ey el [H) e J5@ [+i i )
A7 iy 7 te ’['-}—:.’[ ::.“] A f;"]f[‘i:.

_ @()[ —.‘.,w],O)as ®()M)—x.’[‘] ® “[‘—&,-:j—;]'

[ _:']7

Similarly, by the bi-# °_invariance of ® [+ We have

+&

s ~la [ —z]0 ¥ o ¥ [ -3 s
11 ® @, 1oy (a1 2o ¥ @, ¥4 —i10) DO [ 1

= (5! _:']’O)_*(O,[ o K@ [ K@ [ i0) ®O | £

_ [ —&]oy—% [o]y—& [ —&ye],0\% ) L \
e(» e )t e(s ) (O’[ —alio jla] * .)[.])[ o) ®.ﬁ[ ::}
:®()[ _:0]70)—?‘ @()[ _;,m],o)x“[ —&,e] ® .)[ -:i;]’

[ _:""}

where we have used ﬂ[ _:'}’O.PM = )[ _:'].P[“]. Next by the bi-/‘[ ~*Linvariance of # , we continue

to obtain

0,00 3 N@(ﬁ[ _“]’o)_* @(ﬁ[ _""]’o)*ﬂ[ el (...)[ -u %@ SE A —3)

:@(,[ —a,»],o)x@(’[ —.‘.])—x“[ —&ye] ®n[ Jr—;:., +:.]. 0
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11.3. The exotic case « = — &. In this subsection, we consider the case « = = — &, in which we have
regularity of s ml J:'] without passing to the splitting model. Namely, in the case « = = — &, the

[—4]
in [32], which we recall briefly. The RZ spaces sl

is formally smooth (ezotic smoothness). In this case, we have the AT conjecture
[+a]
+a

formal scheme #

~ and = are both smooth (exotic smoothness),

and hence it makes sense to consider the intersection number

<m[ _:']’07 m[ e = (m[ _:'] X m[_::']’m[ —:.],o ﬂ§ m[ _;]’O). (1131)

]70>

. —-‘-]Xm[::]
But this intersection number coincides precisely with the one occurring in [32, §12], and the analogue of
Conjecture 9.4.1 is identical with the conjecture in [32, §12]. Note that in this case we also obtain the

identical conjecture with that in §9.5.

11.4. Intersection numbers on the splitting model. Let alhs — gl=a2o2 b the flat closure of
the base change of N along the morphism wlths o sl ::} s wl) o wl :;'], Then 2"M* is
a closed formal subscheme of &% x sl ::], flat over ¢ %y of relative dimension =~ — &. We have the

commutative diagram

We define the intersection numbers

<:':[-.},,’ ;:[‘]v >Ax[‘.]“ Xm[ +‘:.] — (m["]v X A\[ :‘:o}’ ;["‘]v ﬁi .‘...:,:[‘}”).

11.5. The AT conjecture. We now come to the AT conjecture. Let %’ (resp. \lb) be a vertex lattice
of type = (resp. type = — &) in . Denote by i (resp. #l _;']) the stabilizer of &’ (resp. &"). Fix a
special vector ., of unit norm, and let v, = %’ @ (2,) and N, = N @ (»,); they are vertex lattices of
type = and = — & respectively. We fix a lattice & € ¢ T*(-,) such that & C N/ (recall that is the
split hermitian space). Denote by ! ::] (resp. ! Jr_:']) the stabilizer of & (resp. N.).

Conjecture 11.5.1. Let = %@+ & be odd, and let v < o < = — & even. There exists &' € 2° (') with

transfer (@(s ~*°)= © . ®8 1, ¥) €xN( ) x 2 (<) such that, if & € ¢'(& ) is matched with
A

b €& (), then

-

<;[-L,7 X'X[‘]V>A['L-Xm[ vy V= —Om (8,¥).

Remark 11.5.2. By Lemma 11.2.1 part (iii), one could replace the function @()[ _;"]’o)f ® Q0 [ i
+&
by either of the other two.

11.6. Comparison when « = —4&. Conjecture 11.5.1 for = =  — & is not identical to [32, Conj. 12.4]

which concerns the intersection number @[ _:'], ;[ _:']>

~

[=] gl +3]5 cf. also Remark 9.10.3. We expect
e

the difference between these conjectures to be given on the analyti“c side by an orbital integral function.
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To be more precise, consider the following commutative diagram,

~l—al=c B

| |

=[

SRR al =3 w43

The vertical arrows are isomorphisms away from the worst points of w =% Each automorphism

1 € (%) induces a permutation of these worst points. Let & € 2 be a type = — & vertex lattice, with
corresponding exceptional divisor =, C =l ~**. Then 4(x) € =l “*nysl “ifand only if 1. € @ () (%)
In this case, the automorphism induces an automorphism of the exceptional divisor . : ®m — =.
Conjecture 11.6.1. Let == %® + & be odd. There exists . € z*(&') such that, if © € & (& )y is
matched with % € ¢ _ (& )z, then
~[=&lz | o[ —ale ~[=a] | o[ -5
<<A\ s I >m[ 7;']“><A[j_;] — <A\ 7_“‘4'\ >A[ 7"']><A[Jj_'\']) . . ..... = — aﬂ‘" ( , Lt ).

In other words, the additional contribution to the intersection number in the splitting model (compared
to the intersection occurring in [32, Conj. 12.4]) comes from the automorphisms of the exceptional
divisors and their formal neighbourhoods, and we expect this will contribute an error term expressed by
the orbit integral on the RHS.

12. PROOF OF THEOREM 11.1.2

In this section, we prove Theorem 11.1.2.

12.1. Local model for #**). Let a/& be a ramified quadratic extension with uniformizers «* = «
Let (&, ©) be a hermitian space of dimension = over a. Let e C N\, be vertex lattices of type & and -a,
resp., where & and - are even numbers. We have a natural lattice chain:

Ne C N CNY CONY C a5,
We can further complete it into a polarized lattice chain %[, ), see §4.1.

Definition 12.1.1. The local model A[i"] is a projective scheme over ¢ %,. It represents the moduli
problem that sends each u4-algebra # to the set of filtrations

Mo Nae N N TN,
J J ] ] J (12.1.1)
!\_,_ ‘\_ .\Y .\:V. B —\.

such that the following axioms are satisfied:

(a) For all lattices % occurring in (12.1.1), @ is an %,®,, ®-submodule of w,, and an ¢-direct summand
of rank ;

(b) Any arrow = : % — N/ in (12.1.1) carries @, into @, . The isomorphism « *\. , — \ o identifies
B —an, with -\;;
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(¢) For = = & and -, the perfect ®-bilinear pairing
—,— ®
e XN, =R
identifies @ with E_v inside N5 and
(d) For all lattices & occurring in (12.1.1), &, satisfies the strengthened spin condition, see §4.2.

By [22], the local model 2" is flat. From the definition, we have natural projections

a
a AM’
which are isomorphisms over the generic fiber. When & = «, the projection = : n["""] — AH is an
isomorphism.
When =~ = %@ is even, we will also consider the local model a7 With three indices, this relates

[ 73‘"}

to the RZ space wlo Tl By [32, Prop. 9.12], the projection al T is an isomorphism.

But the corresponding map between RZ spaces is a trivial double cover, see §5.5.

12.2. Auxiliary space of the #-cycle. In this subsection, we first recall the auxiliary spaces con-
structed in [32], then relate them with =-cycles. A similar construction occurs in [45].

Suppose from now on that == %@ + & is an odd number and that c is a split hermitian space of
dimension =+ & over a. Let & 15 C € be a x-modular lattice, i.e., a vertex lattice such that

+a
Wi =% C N

Let » € NV, . C & be a unit-length vector. We have the orthogonal decomposition of the hermitian

space € = cb D an.

Lemma 12.2.1. The vector «n € N 45 S primitive.

Proof. We cannot have « *n € §V 45 otherwise, we would have » € = NV 1s = % 44, but then
(+7%n,m) =+~ %, contradicting the definition of the dual lattice. O

Define & _ := N~ 45 + (0), which is a vertex lattice of type =~ — &. The lattice chain & 45 C N~ _5
defines the local model A[ ::’ -l By [32, Prop. 9.12], the natural projection « _; : A[ _:r:" -, A[ _;:]
is an isomorphism.

-~ = \b @ <“‘>7

The submodule (7) C &% _; is a direct summand with orthogonal decomposition %

where N’ _. C €’ is a vertex lattice of type = — &. We define the local model al 7o using &’ _.. Let
: A[ -, A[ j_:'] be the composition of the following maps
- al ol s @l J:.&,-] ~ al J-FF: —5ye] &l _:—:.:.,-.], (12.2.1)
where the closed immersion al = < al J:..f'] is defined by sending

('\b_.-.’-\b’_v,-,) — (E _, B\v_ )= ('\b_; D #(w— )0, Eov © ICEE )“)’

and where the identification in the middle is via the isomorphism « _

Proposition 12.2.2 ([32, Prop. 12.1]). The composition .. is a closed embedding.
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Proof. By descent, it suffices to verify the statement after base change along an unramified extension.
This allows us to assume that » has length —& and ¢” is split. The assertion now follows from [32, Prop.
12.1]. O

b )s (-\b,iv‘)) € al ::'}(Q) its image

Let (@, v ) bean #-point of al 7 we denote by (- (=

Y
under

Definition 12.2.3. Define the closed subscheme
Sla) — =[] +5
u.[ + }(") = T'[ + ](\ 7) CA[J“-.]
as the closed subscheme of a! _:r:'] which parametrizes filtrations (B, C %) € al _:'](9) that satisfy
Q(@ — )““ C "Vﬂ‘

Lemma 12.2.4. The closed embedding . factors through wl +51(=),

al ol al ++._.-‘-]
T /
0 [ Jﬁ'-](*w)
We also denote by cal ey (n) the resulting map.

Proof. Let (‘\bi_,‘\b,v-) be an #-point of al 7o, By Proposition 12.2.2, it is a closed subfunctor of

[ +8&] [+&,0—8]

a' " characterized by the subset of filtrations &' ' of the form:
+= —& Vs
A A BER A

D e

(!\bi‘) —E, D (e — )0 —— -\b,v_ De(e—u)n —— ('\b,v_)

By Lemma 12.2.1, the sublattice () C %Y, is an u,-direct summand. Hence, the transition map

restricts to an isomorphism = V__ : (") ®,, ® — (0) ®,, ¢ under which
(s —w)m) = (s —wn N,

Therefore, the filtration in (12.2.2) satisfies #(» —«)» C . (8@_v ) and thus defines a point in ul =l ().
B O

Theorem 12.2.5. The induced map U R +=1(n) is an isomorphism.

Proof. In [45, Thm. 5.5], Yao proves that the closed immersion wl =5 G al +2](») inside the RZ space
al ::] is an isomorphism. The proof of Theorem 12.2.5 follows the same strategy, and we briefly sketch
the main ideas below.

First, in [45, Lem. 5.11], Yao shows that every point of =l +(n)(&) is smooth by computing its
tangent space using the local model (see footnote 4); his argument implies that the special fiber of
[ +5 () is smooth.

Next, it is straightforward to verify that the closed immersion .. induces an isomorphism on the generic

fiber, since both spaces are isomorphic to the Grassmannian (&, 4 ~—*).
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Finally, we claim that . induces a bijection .. : al ¥ (@) = ol +*(2) (@) between the geometric points
of the special fiber. To be more precise, given any filtration (8. .., 8., ) € ul +&(n) (@), consider the
intersection (cf. the proof of [32, Prop. 12.1]):

b,V b,V LAY
By =8y, N VoW ) SV (N L) =N

P — ol & — ol — ol

The last isomorphism is due to the fact that \b’Y; CNY_. CNY 1 Presents \b’X; as a direct summand
of &Y, .. We aim to show that 8 together with its isotropic complement @,  defines a point in

al o (@). This boils down to verifying the following conditions:
v

(1) Eo is orthogonal to itself with respect to the symmetric form induced from & 4 4 on \b’,;"_, this

follows directly from the construction.
(2) @, C \b’xa is a direct summand of rank = — &.

(3) =(& s ) is locally free of rank < &, and hence satisfies the strengthened spin condition.

A —&
Both (2) and (3) essentially follow from [45, Prop. 5.14], where Yao shows that the map wl =] () —
<L +3l(n) (@) is a bijection. He reduces the problem to a question about Dieudonné lattices and carries
out an explicit computation after fixing a basis using [45, Lem. 5.10]. Since for a Dieudonné lattice
@, the quotient £/« ® C #/«.# defines a geometric point in the local model after trivialization, his
computation applies directly to the local model. O

[«]

12.3. Auxiliary space of @™. In this subsection, we construct and study the local model of the space

2l defined in §11.1. Let us recall the notations and assumptions. We denote by € = ' the split
hermitian space of dimension =+ & = %® + %. Let » € € be a unit length vector. We have the
orthogonal decomposition € = £’ @ a». Let = be an even integer with + <« < = — &.

Recall the lattice model G defined in §11.2. Let (V) ,% 42) € s By definition, we have ™ 5 &

N _ii=N% 45+ (7). We have orthogonal decompositions

N L= \b,~ @ <‘N>7 and N, = \E‘ @ <"1>. (1231)

b b

Here &’ __ and N\ are vertex lattices in €.

We define KM as the closed subscheme of A[ f..f’"'} given by following condition:

B, =8, Oe(>—x)n, where [@, CN/,]€ al.
In other words, it is characterized by the following cartesian diagram:

;[‘} \ ‘[ _:_:'7"]

oo
a2 gl b
On the other hand, the chain of lattices
Vooow e aewY,,

defines the local model al " as in Definition 12.1.1. Similar to (12.2.1), we define the map

‘[ —ael A[ J:“:"‘} as the composition:

:ﬂ[ _:'v‘}( , ‘[ J:v‘] ~ A[ :‘:‘7 _"'1‘} , ‘[ jf'f‘]'
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Lemma 12.3.1. The map - is a closed embedding, and it factors through ;M C A[ :;'"'], which we will

still denote by

Proof. The embedding al Tl oGl Jr_..f'"] sends (@), to (H, ® ®(» — = ))\, and the composition
[ =] [ A&, —&,w] [ +ae]

a " ~a ] — a .77 does not change the filtrations @,  and @,v. The assertion then
follows from Proposition 12.2.2 and Lemma 12.2.4. O
Proposition 12.3.2. The closed immersion :A[ Bt 2[‘] 18 an tsomorphism.

Proof. Since both of them are closed subschemes of al J:'"], we only need to show that any ®-point of
~[a]

. Let ® be an u,-algebra, any ¢-point of &'~ represents a filtration of the form:

[ _"'7‘“}

;H lies in &

Vv
+a - -
v v
N s Nae A e A MR

-,

o] ]

&, +a B n\_" S¥ ,(b - % )“ — '\b,v b Q(b - )h‘ - .\er‘

Since + V(#(s —%)n) = #(s —2)n C ®,v, , we see that N +;,ﬂ\v+_) defines a point in wl t#(2)(e) C

al :;'](Q) under the projection al j_.f'"'] > al j:} By Theorem 12.2.5, we have (&, +;,I\v+.) =

( (l\b__), (ﬂ\b,v_)) for some (n\b_‘,-\b,v\) c al —-‘-}(9).
By the proof of [32, Prop. 12.1], we further have

bV
’\b,i/; = l\vH N ol _;7,),

where - 5 :NY__, = NY, ., is the natural transition map. Since

Y@ow @ (> —%)n) CHyv, and Eov CNDY,

we conclude that the transition map i,v : \b‘,v — \b’x:‘ carries By to® .y . By duality, the transition
map b_; : \"_; — N carries @, to E_, hence the filtrations (@ SE E By ) define an
®-point of al 7l O

12.4. Proof of Theorem 11.1.2. The proof of Theorem 11.1.2 proceeds along the same lines as the
proof of Corollary 7.2.10: we will show that the map w e &l induces a bijection on geometric
points; then, Proposition 12.3.2 shows that each point in e (@) = vl (&) has the same first order
deformation theory in either formal scheme, hence the map is also infinitesimally étale, and the theorem
follows.

Recall from §5.5 that = = ®(&)[*] is the common rational Dieudonné module of the framing objects
b 5 and gl of &l j:'] It is equipped with a hermitian form 2 and a #-linear operator ¢ : » — =.
By the isometry (@l %) ®, &, ~ 2 ®, &, ~ =, the unit length vector » € x(al ™)) corresponds to
a unit length element in <, which we will still denote by ». We have a decomposition of the hermitian

["7 ~_ :'] .

space = = = @ an, where =’ is the rational Dieudonné module of the framing object sl —*! of = s
First of all, by computation on Dieudonné modules, the geometric points =l ::’ —a] (@) are given as
follows by w3-lattices
P iaC®, Co2, Co

such that
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e Wehave w® C o7 *(® )Cwe %2 for = +&, — & and w;

e We have relations
<& <&

2. C (2. 4+¢(2), and & . C (2 .+o(® ), and @ . C (2 1o+ 22 42));

e We have chains
EER L I AT G
By definition, the vector » € « satisfies £(m) = n. By the definition of wlmmbe (see (11.1.6)), we can
write

sl @) = {(@ hnr ne) es T @) (e =Ko (e =2 L0 ()]
The following lemma is straigthforward and ensures that #° are still Dieudonné modules:

Lemma 12.4.1. Let ® C = be a vertex lattice such that ® = #> ® (n). Then
(1) The relation »® C £™%(2) C »~*& is equivalent to »®° C +~*(#°) C » *&”,
(2) The relation ® C ® + (®) is equivalent to ° C #° 4 +(2°). Moreover, we have
(24 c(2) /2 = (2 + 2(2)) /2"
In particular, the submodule ® C ® + ¢(®) has the same colength as the submodule #° C ®° 4 ¢(#°). O

Next, by computation on Dieudonné modules, the geometric points ol (@) are given as follows by
1z-lattices (see again (11.1.6))
PiaCR, Ceo
such that
e Wehavew®, C e (8, )Ce *3, ande® ,, Co %@ ;) Ce a8 ,;

e We have relations

<& »
2, C (2. +e(2), and # .. C (2 4t o(® ) and 2, =20 (0);

We have decomposition
@ = .&i fan) <w>7

b [] (

where # C = is a lattice which defines a geometric point of ™ (&);

‘We have chains

2., C 2. Ce8 C @ =2 4,
The induced map - : ! 7:'"]’0(4.) — &l (@) forgets the lattice ® _;. We show that .. is a bijection.
For any (# ,,®,) € & (@), since ®, = #° @ (n), we also have a decomposition ® = 27V @ (2). By

Lemma 12.2.1, »n € &V 4. is a primitive vector. Therefore, we have a decomposition

& .=2__®(wn) and 2, = b7'-"”'bf.-. @ (),

where -B-b,; C <" is a lattice. The inclusion # 4+ C @, has colength %J“' Hence, the inclusion
#__ C @ is a inclusion of colength —2=%. Therefore, ® _, C =’ is a vertex lattice of type = — &.
Define # _ :=#"__@(n). By Lemma 12.4.1, the triple (& |,® _;,®.) defines a point in il _:'"]’O(m).

Conversely, for any (# ,,,® _., &) in &| _:'"}’o(...), it is straightforward to verify that (& ., &)

defines a point in b (@). Moreover, from the construction we see that this defines a bijection. O
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13. THE PROOF OF CONJECTURE 9.10.1 FOR TYPE ( — &, =) = (7, )

In this section, we prove the Conjecture 9.10.1 for type (= — &,w) = (+,¥). The proof proceeds as
follows. In §13.1, we first reduce Conjecture 9.10.1 to the inhomogeneous setting, allowing us to apply the
germ expansion results from [25] and [32]; see Theorem 13.5.1. Then, in §13.2, we recall the exceptional
isomorphisms: one between 5 ]“ and the Iwahori level Lubin-Tate moduli space ¥, (.., and another

between %L and the (hyperspecial level) Lubin-Tate moduli space «, as constructed in [31] and [32].

JM=E [v]

These isomorphisms allow us to relate the cycles 1" on %, . to canonical and quasi-canonical lifts on

i, (+,), as studied in §13.3. We then compute the intersection multiplicity by reducing to calculations
involving canonical lifts in §13.4, and compare the outcome with the corresponding analytic computation
in §13.5.

13.1. Inhomogeneous setting. We reduce Conjecture 9.10.1 to the inhomogeneous setting. First,

since the bottom row of the diagram (9.5.1) is (& )-equivariant, the embedding wl =50y gl o al

is (4 )-equivariant. As the projection m[;:f" +al [:_.f'}
embedding P

Since the group action on the splitting models is defined via changes in the framing object (just as for

— & is also »(a- )-equivariant, the induced

< al :..f'""} is (& )-equivariant.

RZ spaces), it follows that the intersection number in Conjecture 9.10.1 remains unchanged if we replace

b= (b, bx) € ¢ (&) with 3/ = (&, %, %%«). The same reduction applies on the analytic side via a
change of variables. Thus, without loss of generality, we may assume that

a)ede=(8,8) ¢ b= (81 €< (&)s

in Conjecture 9.10.1.
For w € z*(« ), recall from [21, §4] the definition of the function w# € z*()( ")) given by

wh (3,) :/)( b)'-.-'(ﬁ,ﬁ.}.,)ﬁﬁ, » € () (). (13.1.1)

One also has #! for # € z*(¢), whose precise definition is not needed here, see [21, (4.2.16)]. We
recall the following result:

Proposition 13.1.1. (i) The function #' € z*(¢') is a transfer of (wy,ws) € 2% (¢ ) x 2°(¢ ) if and
only if ¥ is a transfer of (', wh) € 2°(5()) x 2*(H(2)).

(i1) Let #' € z* (') and = € H( ) (&), then

Proof. (i) is [21, Cor. 4.2.5], (ii) is [21, Cor. 4.2.4], see also [31, §5]. O
With this, we may now state the inhomogeneous version of Conjecture 9.10.1.

Corollary 13.1.2. Let = be odd, and let « = —&. Conjecture 9.10.1, (ii) is equivalent to the following
statement:
o there exists ¥ € z°(» (a.)) with transfer (@(ﬁ[ _:']’o)*“' .l ::’"], yez*(H() x 22 (( ) such
that, if & € + (&)= is matched with v € (3) (&)=, then
(D ) | ve=—0e (o,#).
+&

Similarly, Conjecture 9.10.1, (iii) is equivalent to the following statement:
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[ +“7‘] -

o there exists w' € z*(» ) with transfer (& ()9[ 7'-'}’0)_"'3,. cw M) €22 (O()) x 22 (0(s)) such
that, if @ € &' (&) is matched with % € H( - 5) (& )x, then
<§[’0]7+7-— \~ ) 7—> P — — a" ( ,L(l).
Here 2. € )(+)(a) is an element in ! \)' “=e and o, - 8l +:'"](\ )= Ml +:'"](a, 1)
2y AT ; By Bog (B) =B L (2yk).
Proof. By Proposition 13.1.1, we are reduced to computing
<@()°[ _“}’o)"‘oﬁ[ S . Y i ‘]> . for some =, € s =%
First, since slmale 4l o Tl 4l +:] for any @ € A7E and ¥ € () (&), we have
[ +&, 70"] P J— P
B TOT) =0, x 0 ++:1(®T)
= ® . ® [ . (+:(2 0T)82
/)( O (8, (2T 0N)
= ® [ +:,—:(02)@ [ [+a(2 *T)®s2
/)( } Sl (02) ,[Jr;],[:r;]( )
= ® L -a(2)® [ - 5 ﬁ_;T 52
o ol el (2)8, 1 e ey (277)
JF;., e
= L‘[ +& ](T)a
i.e., the Schwartz function Le[ +°" ~# s Teft ﬁ[ ~# invariant. Therefore, for any 2. € )9[ 7"'], we have

— oy —3 “7‘ ﬁ — o 7O —% o ,®
(80 7%) "0 o, @Bl FET) (1) = 8507 / Ly O (2 eyl 2 (20) 82
)

= ol ey [ FCIERO L CRNE
— g(sl )2l ),
The assertion then follows from [21, Cor. 4.2.4 and Cor. 4.2.5], see also [31, §5]. O
For the rest of the section, we take = & and « = .

13.2. Iwahori level Lubin-Tate moduli space and exceptional isomorphism. To describe the
cycles and compute the intersection numbers on the geometric side, we recall some constructions in [32,

§8 and §9].

Definition 13.2.1. (i) The Lubin-Tate moduli space « of formal %, -modules of dimension & and rela-
tive height % is the formal scheme representing the functor over ¢ %3 that associates to each ¢ u; -scheme

the set of isomorphism classes of pairs (.7, 4..), where .7 is a formal %, -module of dimension & and
relative height % over + and 4. : .72 X, + — @ X¢g ~ IS an %, -linear quasi-isogeny of height 0.

(ii) The Iwahori level Lubin-Tate moduli space @) is the formal scheme representing the functor over
¢ uy that associates to each ¢ uy -scheme  the set of isomorphism classes of quadruples

/ . /
(2,28 12— .2 A),

where .z and . are formal %, -modules of dimension & and relative height % over +, ¢ is an w,_ -linear

isogeny of degree # and 4. : .2 X, + = @ X¢g * 1S an 4, -linear quasi-isogeny of height .
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/

From (.7,.7, ¢ : .z — .7 4.), we deduce the following composition of quasi-isogenies

b X TS X, T A A e T “—(J})qx.**,
which is of height zero. Then the pullbacks 4%(  g) and 4%,( g) lift to principal polarizations = . of .z
and = of .7 since the same holds for the universal object over the Lubin-Tate moduli space . We
denote by ¢’ : .7 — .z the unique isogeny such that : o :" = (%) and 02 = (%).
Consider the following framing object for AL]“ = AE;"] (cf. [32, §8 and Ex. 9.4)):

CRESIE P (axm( g ">,—x< ax a)).

We have an isomorphism (%, (..)).; — AL'} given by

/
(2,2, %, ha) — ( X ’< ) > =% X ), A X 4) (13.2.1)

comp. [32, Prop. 8.2]. We consider another framing object

(@x, = (@x@,a X g,oa Xog)

[~ -x)

By [32, Ex. 9.4], there is an %4-linear isomorphism

ey = (& ;‘> (@ a) — (:'x’ By 2, )-

t 4

Combining with (13.2.1), we have an isomorphism

/
(S (e))eny — sl N <ﬂz x 2 ( ) ) ,—%( X ), ¥y 0 (AL X 411,)), (13.2.2)

For the remainder of this section, we fix @« as the framing object for mg"].
Next, we compare the group actions along the isomorphism (13.2.2). Let ¥ be the unique quaternion
algebra over a., and let 4 — ¥ be the fixed embedding defined via - g. Recall from [32, §15.1] that for

(=%, Z., 3.), we have

o, (=) =@, (@) ==2:(uy), with uz-action « — <\: ) ,

)

where ¥ = & ® ¥~ is the eigenspace decomposition under the conjugation action of «. The Rosati

e (1))

hence

Q
B
B
[ B
N
Il
—
N
[
b

9,9 C A%, efv_},

involution is given by

{4

T— =501V o~

where T +— T is the main involution of . The unitary group )( ;) may be explicitly presented as

2 $Ca CU,
'> € &4 (v) - } (13.2.3)

o% + 2% = 5,

N
B
Il
—
~/
&
~
~
o @
L4
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Let ¥* be the group of elements of norm &. If we fix a basis element = € ¥~ N ¥*, then we may also

express these presentations in terms of special embeddings into #.(4):

5 v X S . LI S N
3 = ( 1) (; ‘> € )( 2)(ay) C ®.(v) identifies with (; : —~ > €a.(a)

Hence, we have ® ). = @@ — (2+7%) .+ 25 = (2@ + %) = - . In particular, i lies in = (- ;)(a,) if and

only if - = &

Next, we compare the actions of ¥ on (4, (..))c »; With the action of «(-;)(a) C 2(+5)(a,) on "‘E;}-
Any 1 € ¥* = ¢(@)* with norm a unit in %, induces an action on the Iwahori level Lubin-Tate moduli
space by

(2,22, 8:) — (2,2, 2, a(F) 0 &),

It acts on 4. via conjugation: g(%) g(¥) g(x)™* = g(x7%"%). By (13.2.1), this induces an action

o

Write T = @+ ¥ € 4 ® ¥, then w12"* = ¢ — 2. Hence under the isomorphism (13.2.2), the element

on A»E;'] by

| L 44
|
t 44
~—
N
-
/£
|
$
=
&
~_—
N
| 2 4
| 4
t 24
~
|
3
Il
Y
= |=
I+
K= K=
| |
s s
= |=
+ ||
K= R|=
| |
4 4
~_—
m
Qe
b
™
®
SN—

T=e+%ce,, (@) corresponds to (‘ € #,(v) = @, (ax). The resulting identification ¥* =

R

«(5) (&) is then given by

5 9
T:¢+§EQJ”<—><_

)
L )

Next, we recall the orbit matching in the inhomogeneous setting as described in [32, §15]. On the

symmetric space (&) = +« (&), we write an element as

Then # is regular semisimple if and only if ¥+ # *, in which case we may write # as (see [32, (15.1)])

- (,););:< ;)( — i) € Horlas

for w € &\ a* and ¥ € a*. By [32, §15.2],

(#,%) € ~(a,). matches ( ) ( ;:> € 9(a) (dv )

if and only if @ = @' and —2/% = @ (e, %)

ll(

13.3. Description of cycles. We describe the cycles :H

(13.2.2). Recall from [32, (12.1)] that there is an embedding #." < AL"], identifying "“E'] with the special

hE

and &, under the exceptional isomorphism
]

.

cycle @(»), where » = : ceo(@,ax).

By [32, Ex. 12.2], there is also a closed embedding ¢ u; — (x,#_r(o\ )) ;. given by sending the canonical
lift («,4.) to («,«, (%), 4. ). This identifies with the embedding A»EJ] — AL‘J] under the isomorphism
(13.2.2).
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By [32, Ex. 12.2], the cartesian diagram (9.5.1), after applying the exceptional isomorphism (13.2.2),

becomes
o Ll Cug e ug—— (S ) T (S ))ug
l O l A l . l
sl 4l € g€ (S ) v

where the upper horizontal arrow respects the disjoint sum decomposition.
Next, the composition of maps

[v]

N [ [#]

o
"¢
"*x "“x

becomes in terms of the exceptional isomorphism

( 4;H( 15 = (\,*\‘ (q\\)) 3 I (\,*7 (= “)) 3 L) Q ” IT « 5

where # is the disjoint sum of two morphisms =, %% : (8, (), — «,,. Here w; maps (.7,.7, +, 4.)
to (-7, 4..) and «, maps (2,7, 2 4.) to (-7, 4.), comp. [32, diagram on page 1126]. In particular, the
composition is the standard canonical lift to the Lubin-Tate moduli space on each summand, see [32,
Ex. 12.2].

Under the exceptional isomorphism, the diagram (9.6.2) now becomes

J . l& (13.3.1)

( J;H( J;C—>\,;H‘,;-

;Er](—> (‘ds»('l )) s II (\,ﬂ( )) G

In particular, we have the decomposition fiH = fiE/]’Jr I fi[v"]’_, where fiM’Jr = % uy and fiH’_ =

%% C ug, such that

’i[\«-]:-ﬁ- I ;[-r]v— _ ,.’.‘:( 2 11 Wk ¢ iz C (‘m(i\ )) . 11 (\m(i; ))

(13.3.2)

By Miracle flatness [Stacks, 00R4], the projection maps = : w,, (+,) — « are finite flat for = € {&,*}.

My slle ¢ uy is flat, hence Conjecture 9.6.1 holds in this case.

M, we recall the quasi-canonical lifting divisors of ¥, (..),

Therefore, the composition :;
To give a more precise description of «
introduced in [38, §3.2]. For any & > v, let (<., 45) be the quasi-canonical divisor on « of level & over

“g 1= g, see [38, Def. 3.1].

Proposition 13.3.1 ([38, Prop. 3.6]). For any & > v, let
-5 ifRr>4;
o(R) = { f -
Y if & ="r.
For all & > v, there exist quasi-canonical lifts «.a of level & with a morphism =g : < g(a) = «.a such that
the following diagrams commute:

=y Qs = Qi
O — v Qm co(r) Wl — > wa®w

l‘» l‘f and l‘.(‘) l“ (1333)
) )

g——@ 4a———4a,


https://stacks.math.columbia.edu/tag/00R4
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where & > & in the second diagram. These define Weil divisors =g 1 isomorphic to € . of (%, (..)) g =
AL]. The morphism
R (W (= )) g — g

induces an isomorphism from #4 4 to its image 4.

By taking the dual isogenies, for all & > *, we obtain morphisms =} : <4 — “o(x) With commuting
diagrams similar to (13.3.3), see [38, after (3.13)]. This defines Weil divisors #s — < (%, (+,))c »; such
that the morphism

fg,— — (\,f ( ‘)) i3 LY KI;
induces an isomorphism from =, _ to its image 5. Note that for & =  we have =, | = =, _; we set

By = By = By
By [38, Lem. 3.8], we have the following relations as Weil divisors:

i[]v“" — ,,;.7+ + By, and 2[17_ = & _ + (1334)

Lemma 13.3.2. There are the following equalities as divisor classes in «c ._,

o
" ek ¥

I —|— &, '-’-‘:.*'-’.‘*- — ( ..... + :.) -

*.

»

* _ ey ek _ o).
Sk Py — 4 »+';., TRk Ty —( ~~~~ +oo)

s R
(T T

Proof. Without loss of generality, we prove the identities in the first line. By Proposition 13.3.1, the

restriction %y : = 4 — ¢ is an isomorphism. Hence %y, =  y = #;. Therefore, @y, =% ¢, = @y (o +
“a+) = @+ + “4. On the other hand, = is a finite flat map of degree « + & (comp. [38, Lem. 2.6]),
hence g, we, = (& + &)%. O

[*]

13.4. Intersection numbers. From now on, we identify =4 + with its image in %’ under the isomor-
phism AE;’} = (%4, («))w: - The relation to the splitting model is as follows. Let @i+ C AL 1 be the strict

transform of =4 4+ under the blow up AE;']" — AL'] We write again @, =@, + = @, _.

y00

Proposition 13.4.1 ([38, Prop. 3.10]). For any integer & > v, @s + is a Cartier divisor of mg]". The

blow-up map AL‘]" — AL'} induces an isomorphism Wa + = “g +. In particular, Ba + = “4. OJ

We can now compute the intersection numbers in Conjecture 9.10.1, (ii).

. / v/
Proposition 13.4.2. Let 1, = (“ ) <‘ N ) € () (&), expressed in the presentation (13.2.3).

Then

<§[“"]7+7— \‘i["}v_7—> ( “““ + :o)(.'(;,) + :o) ZfA =& 3 R,
& y g sl semlh= .~’(§/)—|—X ife=—& &%,

Here «# denotes the natural extension of the normalized valuation #- on i to &, i.e., #(%) = (¥'%).

Proof. Since the reduced locus of @ = (%, (.,)) ; Isa single point, by the same reasoning as in the
proof of [31, Prop. 8.10], the problem reduces to computing the length of the intersection, which is an

Artinian scheme,

lit=

o M ),
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By the description of cycles (13.3.4) in AL/] and the definition of the splitting cycles in §9.8, we have

I _m +m, and U —m_+m

[v]:=

By Proposition 13.4.1, the restrictions of the forgetful map %, " — AEI] to quasi-canonical divisors are

isomorphisms. Therefore, we obtain an isomorphism

P P Sl vy
Hence the intersection number equals ®(% L] SR \[. - ).
. It
Write 3, = <“ ) and b, = (?/ ;) so that 1 = %3%%. We have
o[ M ) — e M N ).

We begin by considering the action of 1.7* on x[. 1+ Recall from (9.6.2) that KL} = '{g}# I ;E"]’f
is defined via the base change of the embedding mg]’o — AE‘ ], We claim that 1. = stabilizes the two

connected components of AE'}’O when = = & : % and interchanges them when : = —& :%. As a
consequence, we see that

~|r ,:t .

—azlvlE \L] ife =& &y,
.\.»‘, “\; - ~[] ¥

s =80 s
To prove the claim, note that the automorphism 1 * : [ [ AL] preserves the embedding AM — ”"E:}-
By (9.5.1), the automorphism 1. : mﬁ”’x} — mii’x] preserves the embedding mg},o [" | When: =&
s %, we have . (1,7%) = &, so by * preserves the two connected components *"L # = "‘L i+ II mh * T,

hence maps AE"]’i to A»E.ﬂ’i, which is in fact an isomorphism by the commutative diagram (9.5.1). When
= —& %, we have . (1L7") = —&, so 1., interchanges the two components of mﬁ”"] and induces

isomorphisms w1 F — &l"*F Again, by the diagram (9.5.1), 1.7 = restricts to isomorphisms AE’]’i to
["’]FF

A‘ .

We conclude that

+ — ]+ ) ben L= W R
'(;E‘.ﬂ’ N :\,~~KE‘?L .—) { ( g 3 ) hen« =& )
where 1., = (

v(~L} .-\[f]’ ) when: =—-& &%
/
Passing through the exceptional isomorphism mgﬂ = (\m(.: )) " the problem reduces to computing

/

w

/ /
¢

o

) € «(s)(ay) corresponds to 2 = &' + ¥ € v* Cad v .

the length of certain closed subschemes in Iwahori level Lubin-Tate moduli spaces:
o R

Recall the description of ;Er]’i C (R () . in (13.3.2) as pull-back of quasi-canonical lifts,

M —wr(ey), A =wi(e). (13.4.1)

R
()
”

Recall that the projection map %y : @, (.,) — « is defined by (.z,.7, ., 4.) = (&, &) where 4 =
a(%) o a.. It follows that

By the projection formula, we have

O 6, Nawh(s,) = w(e, N%, 2wh(s,).
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Combining with the discussions above and Lemma 13.3.2, we conclude that

'(XEH" m »‘»-’QE]’_") _ { (& + &)O(e rj (¢ +%')-2,) when: =& := (13.4.2)

v(evnN(e —2) (¢++2;)) when: =—-5& -,

where we note that 2 = &' + ¥’ and w22"% = ¢ — ¥/,

To compute the length, recall from [32, §6.2] that for any + # = € uy, the special divisor #(+) is
defined as the locus of & where the element + € @, (@, ) lifts to a homomorphism « — =, where =
is the universal family over «. By [32, Prop. 7.1], we have

tr = #(8), o oL =e(),
hence
(o +#)e, =a((¢' +¥)), (& —¥)(er +205) =((¢' - ¥)v).

Let 2 € uy be any element. From the moduli description, the intersection «- N#(2) is the closed sublocus

of #.. where the endomorphism = € @, (@, @) lifts to the canonical lift « . over #... By Gross’s formula
[42, Thm. 2.1], writing » = @ + ¥ € & + ¥, the length of this intersection is #(¥) + &. The proposition
then follows from (13.4.2). O

Following the same argument, we compute the other intersection numbers in Conjecture 9.10.1, (ii).

'Y / w !/
Proposition 13.4.3. Let i = (“ ) (?/ ;/> € ) 5)u expressed in the presentation (13.2.3). Then
<’{["],+,.. ki'{[*],+,_> _ (#+&)(#(¥)+ &) when: =—-& ==
- CT S #(2) 4% when « =& &%,

O

13.5. Proof of Conjecture 9.10.1 for type ( — &,w) = (¥, ¥). Recall the following germ expansion

result. We define the set of semi-simple but irregular elements as

o {(* )eswfusent

For = =, &, let », be the set of elements in +, matching an element in H(+ ).

Theorem 13.5.1 ([32, Thm. 15.1)). Let #' € z*(+4(&.)) transfer to (w, ;) € 2*(H()) xz2*(OH(+2)),
and let = (#,,9.) €w.. Let € {v,&}. Ifw =, then there is the following germ expansion for
= (#,%) € +y. in a neighborhood of

.

om(e, %) :iﬂ!( (6, 9,),%— ) D|& — =8| + 2,

where = is a constant depending on @, ¥, and -, but not on . Here | | denotes the natural extension

to & of the normalized absolute value on & . ]

We compute the orbital integrals along semisimple but not regular orbits. Recall from §9.7 that we
have

G = {(V A € 6T x ¥ () x 8 T() [N @ (1) D n e
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Let & = (“b) with ("*b,“b) = &. Our notation here agrees with the last displayed equation in [32, p.
1162]. According to the discussion before [32, (15.4)], there are two w-modular lattices contained in
(*") @ (), which are given by

Hence we have the decomposition
= a IET = (WM e e ) InF eI N € 67 () N el (13.5.1)

The action of (4, %) on the pair {NT,%"} is discussed in [32, Before (15.4)]. When : = & : =, then
(@, ®) preserves the two lattices and when @ = —& - =, the two lattices are interchanged.

Lemma 13.5.2. For any ). = = (%, %) with ,% € &%, we have:

wt+ & fO=56 o,

~['y]7+ "'[7‘]7“!‘
b m \. - ¥ v =
#(i“ Ly )‘L]X‘L] { 5 ’Lf o =-3 .

Proof. The element 1. acts on the lattice model

a1 gl

| — "]

[¢]
X i

via its action on the ..Ez], sending (\b, N, \M) to (\b, N, ,\.\[""]). From the description (13.5.1), we see that

@ @) b = LN e e N aND A c NIy,
When ¢ = & %, we have &7 N . 7*T =\, hence the RHS is the set of self-dual lattices &1 D &7,
which is in one-to-one correspondence with the set of isotropic lines in the two-dimensional symplectic
space N /n. There are exactly « + & such lines.

When ¢ = —& : %, we have 8T + 1.7*\T = N7 + N~. The RHS parameterizes the set of self-dual
lattices &1 O T 4+ &7, However, &T 4+ &~ is a self-dual lattice, hence ©W[") = & + N~ is uniquely
determined. O
[#,7]

M and 9,9 € a*, the irreqular orbital integrals of @(/‘[“’]’O)*"'ﬁy - B,

Lemma 13.5.3. For any 2, € #
are given by

[loy—a, . w67y _ #(e4s) if20=56
’..( (‘76)7@(’.‘. ) =¥ L‘x ) { % Zfﬁ,"E_; 3%,

Proof. The conjugation action of »(a, ) on diagonal matrices is trivial, hence the orbital integral equals

o(v(v. ). e(x) >z, - #)

_ @(A:‘) L[x,"»] 2@ :x)’,f[x’.“] 2. @ .
e(s7) s)) s

The results now follows from the lattice description in §9.7 for the orbital integral and the lattice counting
in Lemma 13.5.2. For further discussion on the relation to the lattice model, see [20, §4]. O
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Proof of Conjecture 9.10.1. By Corollary 13.1.2, the problem reduces to the inhomogeneous version. Let
» with transfer (@(PL}’O?_ el yez* () x z*()( ). Let = € z*(+(a,).) be defined by

~[‘]7+7, ~[‘L_7/ "

(6) = <K , B >A[ o all . +a~:( ) '/) when @ € * (& )z,
when @ € * (& )s,

Let = (#,%,) € #.. By Proposition 13.4.3, Theorem 13.5.1, and Lemma 13.5.3, there is a constant

2., such that for any @ € (&, ). in a small neighborhood of

(13.5.2)

and such that «(#) =+ when @ € +(& )y -
The intersection number is conjugation invariant, and the derivative of the orbital integral of our

smooth transfer is conjugation invariant (cf. [25, Lem. 3.3]). Hence the function :(#) is conjugation
o/

invariant. By (13.5.2) the function : satisfies the hypotheses of [25, Cor. 3.8]. Hence there exists
such that = (=) = @(s, %) for all © € +(a,).. By [31, Lem. 5.13], there exists # . transferring to
(v,¥) € 2*(9()) x 2*(7(2)) and such that dm(s, % ) = @(=,#") for all # € +(a,).. The function

o
/ ~/

' = % 4+ % then transfers to (@(ﬁg]’o)_“ﬁ -l }, ye z*(0()) xz*(H(4)) and satisfies the identity
N[ ],—i—,, N[ ]7_7/ " _
<x; s b >AUXA[ Lt Om (o, 8) =

for all & € » (& )wz-
By Proposition 13.4.3, Theorem 13.5.1, and Lemma 13.5.3, a similar argument applies to the inter-
section number <’(LL+,,7 ’([ ]i+,z > -
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