MOTIVIC PROOF OF A CHARACTER FORMULA FOR SL(2)

CLIFTON CUNNINGHAM AND JULIA GORDON

ABSTRACT. We give a motivic proof of a character formula for depth zero su-
percuspidal representations of p-adic SL(2). We begin by finding the virtual
Chow motives for the character values of all depth zero supercuspidal repre-
sentations of p-adic SL(2), at topologically unipotent elements. Then we find
the virtual Chow motives for the values of the Fourier transform of all regular
elliptic orbital integrals with depth zero in their Cartan subalgebra, at topo-
logically nilpotent elements. Finally, we prove a character formula for depth
zero supercuspidal representations by showing that the formula corresponds
to three identities in the ring of virtual Chow motives over Q.

INTRODUCTION

The representation theory of groups over the finite fields is stated entirely in
terms of algebraic geometry, by the work of Deligne-Lusztig [DL76] and Lusztig
[L85]. Naturally, it is desirable to “lift” the geometric constructions to the p-
adic groups. Motivic integration offers an approach to this problem which is very
different from all the previous ones; it is not aiming at complete understanding of
the geometry underlying various objects of representation theory, but it could in
principle provide an algorithm for computing them in each individual case. This
paper is essentially an experiment illustrating this point.

We are working with the group G over a p-adic field K for the simple reason that
the geometric objects that arise as a result of computing the “motivic” volumes
turn out to be easily computable by hand; in fact, all the ones that are non-trivial
turn out to be conics. For bigger groups both the algorithms and the results are
of course much more complicated, but we believe that still there are computable
geometric objects responsible for the character values, and it will be the subject of
a future article.

The virtual Chow motives we calculate appear in the context of the following
expansion for the character of any depth zero supercuspidal representation of G.
(The precise statement is Theorem 1.6.) Let p be an odd prime and let K be a
p-adic field with residue field F, (so ¢ is a power of p). There is a finite set of
regular elliptic orbits (represented by elements X, below) in the Lie algebra g with
the following property. For each depth zero supercuspidal representation m of G
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there are rational numbers ¢, (7) € Q such that

(0.1) Or (exp(Y)) = 3 ez (m) ba(X.,Y),
z

for all regular, topologically nilpotent elements Y of g. The sum is taken over
the set of orbits promised above; X, is an element of the orbit and X, has depth
zero in its Cartan subalgebra. Here, ©, is the distribution character of 7 in the
sense of Harish-Chandra and ®¢(X., —) denotes the generalized function on g
corresponding to the Fourier transform of the orbital integral at X,. The coefficients
¢,(m) are given in Table 4, from which one sees that c.(7) is in fact a rational
function in ¢ (the cardinality of the residue field of K) with integer coefficients; of
course, this is a meaningful observation only if one clarifies in what sense the left-
and right-hand sides of equation (0.1) may be viewed as functions in ¢, as we shall
do later in the paper. We shall refer to equation (0.1) as an Elliptic Character
Ezxpansion.

It is fair to say that this elliptic character expansion is well-known in one form
or another, as is the fact that it extends, mut.mut., to a much larger class of repre-
sentations and groups. The novelty of this paper lies in our proof. We use motivic
integration to “separate” the character and each of the orbital integrals into a linear
combination of the values of the corresponding function defined over the residue
field, with coefficients that are virtual Chow motives. Then we can see directly that
on each side of the Elliptic Character Formula we have the combination of the same
values with the same coefficients. This approach clearly shows two ways in which
algebraic geometry appears in the values of the characters and orbital integrals: the
finite field function is in fact the characteristic function of a character sheaf; and
the “motivic” coefficients come from the process of inflation and induction that
connects our representation with the representation of the group over the finite
field.

As a consequence of this perspective, we find much more than the coefficients
¢,(m) promised above. In fact, we produce expressions for the values of the charac-
ters of all depth zero supercuspidal representations on all topologically unipotent
elements of G. Likewise, we produce expressions for the values of the Fourier
transform of all regular elliptic orbital integrals having depth zero in their Cartan
subalgebra, on all topologically nilpotent elements of g. Comparing these leads to
Table 4 and the proof of equation (0.1).
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1. BAsic NOTIONS

Throughout this paper, K denotes a p-adic field; by this we mean K is a field
equipped with a non-archimedean valuation such that the field is complete and
locally compact with respect to the topology determined by the norm, and such
that the residue field I, for K is finite of characteristic p. Notice that we do not
put any condition on the characteristic of K. As is well-known, any such K is a
finite extension of Q, or of F,((T)). The ring of integers of K will be denoted Ok
and the maximal ideal in Ok will be denoted pg. The residue field will be denoted
F,. We reserve ¢ for the cardinality of Iy, and p for the characteristic of Fy, so that
q is a power of p.

Next, we fix a prime ¢ different from p and an algebraic closure Q of Q,. Hence-
forth, by ‘representation’ we mean a representation in a vector space over Q.

Let G denote the group G. In Sections 1.1 and 3.1 we make brief reference to
the Bruhat-Tits building and Moy-Prasad filtrations for G (see [MP94]). In those
section of the paper, we will use the notation of Moy-Prasad, except that we denote
points in the Bruhat-Tits building by 4 (or j). In particular, for each pair (i,r),
where ¢ is a point and r is a non-negative real number as above, G; , is a compact
open subgroup of GG; when r = 0, this is often abbreviated to GG;. For each pair
(i,7) as above, let G, ,. be the integral models for Gk introduced in [Y02] such that
the set of integral points in Qw coincides with G; .. We write Gz‘,r for the reductive
quotient of the special fibre of G, .. Analogous notions apply to the Lie algebra
g: for any point ¢ and any real number r, g;, denotes the Moy-Prasad lattice in
g and g, denotes the corresponding integral model for gx while g;, denotes the
correspoﬁding Lie algebra scheme over [F;. When we use g; » and G; ., we will often
write these down explicitly, with the hope that readers unfamiliar with Moy-Prasad
filtrations should have little difficulty with the essential features of this paper.

Note that we have not yet chosen a uniformizer for K, and that none of the
constructions above require such a choice.

1.1. Depth-zero representations. In this section we remind the reader how to
construct all depth zero supercuspidal irreducible representations, up to equiva-
lence.
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Let (7, V) be a representation of G. For each point ¢ in the Bruhat-Tits building
for G, let V; denote the subspace consisting of those v € V such that 7w(k)v = v for
each k € G, o+. Then G, acts on V;, and the resulting representation is denoted
;. By definition, the representation 7 has depth zero if V; is non-trivial for some
point ¢ in the Bruhat-Tits building for G.

Now we choose a uniformizer w for K. This choice is necessary to specify a map
Ok — Fy (which we indicate by « — Z) and the reduction map p;, : gir — Gir
appearing in Moy-Prasad, for ¢ and r as above.

For each depth zero m and each point 4 in the Bruhat-Tits building for G, the
representation m; factors through p;o : G;o — Gi,o. Let 7; denote the repre-
sentation of Gi’() on V; such that m;(k) = (7; o pio)(k) for all k € G;; then 7; is
called the representation of G; o obtained by compact restriction and is also denoted
cResgi (T, V).

From the other direction, let ¢ be a point in the Bruhat-Tits building for G and
let (0, W) be a representation of Gy, and let (p} o0, W) be the representation of G;
defined by (pj oo)(k) = o (pio(k)), for each k € G;. The right-regular representation
of G on the space of compactly supported functions f : G — W such that f(kg) =
(Pioo)(k)f(g) for all g € G and all k € G; is called the representation of G obtained
from (o, W) (or (p; oo, W)) by compact induction and denoted cIndgi (o, W).

Although (cResgi,cIndgi) is an adjoint pair of functors (see [V03]), one must
be careful: even if o is a cuspidal irreducible representation of G;, it does not
follow in general that cIndgia is an admissible representation of G, let alone su-
percuspidal. To clarify matters somewhat, we have the following result, which we
paraphrase from independent results by Lawrence Morris and Moy-Prasad. For
each point ¢ in the Bruhat-Tits building for G, the compact restriction functor
cResgi restricts to a surjection from supercuspidal irreducible representations of G
to cuspidal irreducible representations of G;. Moreover, if 7 is a depth zero super-
cuspidal representation of G then there is a vertex i in the Bruhat-Tits building for
G such that cIndgi (cResgiﬂ) is equivalent to 7.

There are exactly two G-orbits of vertices in the Bruhat-Tits building for G;
let (0) and (1) be the adjacent vertices corresponding to the maximal compact
subgroups below.

Gy = {{Z Z] ‘a,b,c,de(’)K; ad—bc:l}
(1.1)
G(l)::{{z Z] ‘a,deOK,bepﬂgl,cep%; ad—bc:l}.

The special fibres of the integral models G,y and G4 are both SL(2)r,; it follows
that Gy and G(q) are both SL(2,F,). Therefore, up to equivalence, all depth zero
supercuspidal irreducible representations of G are produced by compact induction
from cuspidal irreducible representations of SL(2,F,). Accordingly, to enumerate
all depth zero supercuspidal irreducible representations of G it is necessary to recall
the construction of cuspidal irreducible representations of SL(2,F,). This we will do
in Section 1.3. In the meantime, we record the result: each depth zero supercuspidal
irreducible representation of GG is equivalent to one in Table 1, where all terms are
defined in Section 1.3.
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Remark 1.1. The representations induced from Gy do not depend on the choice
of uniformizer @, because the reduction map p(g)o is independent of this choice;
however, this is not true for representations induced from G(y). From this we see
that Gy and G (1) are not entirely on equal footing.

TABLE 1. The representations 7 appearing in Theorem 1.6

m(0)g ::clndg(o) (og) | m(1)p:= cIndg(l)(ag)

w(0)4 :=cIndg , (04) | w(1)4 :=cIndg, (o4)

w(0)_ == cIndg(o) (o2) | m(1)=:= cIndgm (o)

1.2. Gauss sums. Before moving on to a review of the cuspidal irreducible rep-
resentations of SL(2,F,), we say a few words about Gauss sums, which are the
prototype for much that follows. Let sgn : [F, — Q¢ be the quadratic character of
F; extended by zero to Fy. Arbitrarily but irrevocably, we fix an additive character
¥ : F, — Q. Let 5gn denote the Fourier transform of sgn with respect to ¢ in the
following sense:

i) = 3. sen(@)dlaz).

z€AL(F,)

(Note that this Fourier transforms is not unitary.) Consider the Gauss sums 7+ :
F, — Q¢ defined by

{zeAl (Fy)|sgn(z)=+1}

(12) ]
y_(a) = S ).
{z€A (Fy)sgn(z)=—1}
Then 4 —v_ = sgn. Elementary arguments show that vy +~v_ = —1 and (y4 —

v_)? = gsgn(—1). Fix a square-root V/q of ¢ in Qy. Then there is a unique square-
root ¢ € Qg of sgn(—1) (determined by ) such that

(1.3) 20 = \/aCsen.
Observe that sgn is an eigenvector for the Fourier transform with eigenvalue /q(¢.

Remark 1.2. We wish to emphasize here that ¢ € Qy is determined by two choices:
the square-root /g of ¢ in Q, and the additive character 1 : F, — Q. Also,
although ( is a fourth root-of-unity, it is not necessarily a primitive fourth root-of-
unity; indeed, ¢? = sgn(—1).
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1.3. Cuspidal representations of SL(2,F,). Let T denote the anisotropic torus
of SL(2)g, with F4-rational points

(1.4) T(F,) = { {x y} € SL(2,F,) |22 — y2e = 1} :
€y x
where € is a non-square in .

Let R$ denote the Deligne-Lusztig induction functor of [DL76]; this takes virtual
representations of T'(F,) to virtual representations of SL(2,F,). If § is non-trivial
and the order of 6 is not 2 (so € is in ‘general position’) then (—1)R%(6) is an
irreducible cuspidal representation of SL(2,F,), which we henceforth denote op; in
otherwords, as virtual representations,

(1.5) R$() = —0y.
Let Qr denote the restriction of trace R% () to the set of unipotent element of
SL(2,F,;), where 6 is in general position; as the notation suggests, Qr is inde-

pendent of . This is the (classical) Green’s polynomial for SL(2,F,). For future
reference:

1, ry+22=0A(x#0V y#0)
(1.6) QT<[Z “"D: l—q, 2=0Ay=0Az=0

y —z
0, otherwise.

If 6 is the quadratic character of T'(F,), then the Deligne-Lusztig virtual repre-
sentation R(T;(Ho) contains two irreducible cuspidal representations, comprising the
Lusztig series for (T, 6p). It is well-known that the difference between the characters
of these two representations is supported by the set of regular unipotent elements
of SL(2,F,;) (see Remark 1.4). We label the representations in the Lusztig series
for (T,60) by o4 and o_ and define

(1.7) Q¢ :=traceoy — traceo_

in such a way that

(19) @ (|p 1|) = vae
Then,

. Vactsgn(z), zy+z22=0Az#0
(1.9) Qa ([ —ZD = 4VaCsen(y), wy+22=0Ay#0

Y
0, otherwise.

For a variety of reasons, it is the characters o4 and o_ which are the most inter-
esting. As is well-known, Q¢ is supported by regular unipotent elements. (Readers
familiar with the lovely table from the appendix to [DM91] must be cautioned that
what they denote /¢ sgn(—1) is here denoted \/ﬁg?’.)

Since Q¢ and Qp are supported by unipotent elements, then for all primes p
except 2, we can and shall often abuse notation by considering these as functions
on the nilpotent elements of g.

Remark 1.3. We wish to emphasize that the choice of /g and 1) determined ¢, and
that we labelled the representations in the Lusztig series {o4,o_} for (T,6p) so
that equation (1.8) hold true.



MOTIVIC PROOF OF A CHARACTER FORMULA FOR SL(2) 7

We close this section by recalling a celebrated result of Lusztig (see [L85]). Let
o be any cuspidal representation of SL(2,F,) and let x, denote the restriction of
trace o to unipotent elements. Then there are unique a(o, @) € Q such that

Xo = Z aQ(g)Qa
Q

where the sum is taken over the set {Qr, Qg } of (generalized) Green’s polynomials.
The values of ag (o) are given in Table 2.

TABLE 2. xo = > aq(0)Q.

ag(o) | Q=Qr Q=Qc¢

Remark 1.4. The characters of the representations oy and o4 and o_ introduced
above are perhaps best understood in terms of characteristic functions of character
sheaves. Let 6 be any character of T(FF;) and let Ly be the corresponding Frobenius-
stable Kummer local system on the étale site of Tf,; in this case, the characteristic
function xz, : T(F,) — Q¢ of Ly coincides with 6 (see [L85, 8.4] for the definition
of ‘characteristic function’). Let indg denote the cohomological induction functor
of [L85]; this takes Frobenius-stable character sheaves for T, to Frobenius-stable
perverse sheaves for Gy . If 6 is non-trivial and not quadratic (i.e., in general

position for SL(2)) then ind$ Lg[1] is a Frobenius-stable character sheaf and the
characteristic function of this perverse sheaf is the character of R%(6); in other
words,

trace R% (0) = Xind$ Lo[1]>

when 0 is in general position. (Note that ind%Lg[1] is not a cuspidal charac-
ter sheaf, even though trace R%(f) is a cuspidal function.) On the other hand,
indgﬁgo [1] is not a character sheaf; rather, it is a direct sum of character sheaves.
The algebraic group G]pq admits two cuspidal character sheaves: one, denoted Cy,
is unipotent (supported by the unipotent cone in SL(2), ) while the other, denoted
C1, is supported by —1 times the unipotent cone. Comparing with the notation
above, we have Q¢ = Xx¢,. In this paper we are chiefly concerned with the charac-
ters of cuspidal representations of SL(2,F,) when restricted to unipotent elements
in SL(2,F,); the vector space spanned by characters of cuspidal representations
restricted to unipotent elements is two-dimensional and a basis for this space is
given by Q¢ (the restriction of x¢, to the unipotent cone) and Qr (the restriction
of x¢, to the unipotent cone) where 6 any fixed character in general position.

1.4. The elements X,. Before specifying the orbits appearing in equation (0.1)
we say a few words about Cartan subalgebras of g, or equivalently, about conju-
gacy classes of forms of GL(1)k in SL(2)k. (These are the proper twisted-Levi
subgroups of GG.) This is precisely the kernel of the map in Galois cohomology
ag : HY(K,N) — H'(K,G) which is induced by the inclusion N — G, where
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N denotes the normalizer of the split torus of diagonal matrices in G. To study
this kernel, it is useful to first pass to the unramified closure K, of K in K and
observe that kerag, . contains exactly one non-trivial element and this element
corresponds to the conjugacy class of forms which split over a quadratic extension
of K. (Note that this is a totally ramified extension.) Let 7 be the trivial ele-
ment in ker ag,, and let 7; be the non-trivial element in kerag,, . The inclusion
Gal(K/K,,) — Gal(K/K) induces a surjection in Galois cohomology which in turn
restricts to a surjection ker ag — ker ax__, as pictured below.

nr?

HY(K,G) — H'(K,, G)

OCKT TO‘KTLT

HY(K,N) — H'(K,,, N)

ker'ag —— ker ag

nr

The fibre above 7y consists of three classes in H'(K, N) and the fibre above 7
consists of four classes in H!(K, N) if sgn(—1) = 1 and two classes in H!(K, N) if
sgn(—1) = —1, where sgn : K — Qg is the quadratic character of O} extended by
zero to all K.

We now return to the orbits appearing in equation (0.1). In order to define these
orbits, we now pick a non-square unit € in Og. For reasons which will be apparent
later, we also now introduce a new parameter, v, taking values in Og and define
X.(v) in Table 3. Representatives for the orbits appearing in equation (0.1) are
given by X, :=X,(1). Notice that each X,(v) € g above is good, in the sense of
[A98, §2.2] (see also [CHO4, §1.1]).

TABLE 3. Elements X,(v). Orbits X, := X,(1) appear in Theorem 1.6.

z S1 S92 to tl tg t3

Xo) | [208] [0 v] | [0 b] [coeu ] [-2eb] [-%0 %]

Each of the X, (v) determines a compact Cartan subalgebra g (independent of v €
Of), and therefore a cocycle representing a class in ker ax. Thus, the summation set
in equation (0.1) is the set of cocycles {s1,s2,t0,t1,t2,t3} C Z'(K, N). However,
some of these cocycles represent the same cohomology class in H*(K, N), depending
on the sign of —1 in K; specifically, if sgn(—1) = —1 then ¢y and ¢; represent to
same cohomology class, and ¢, and t3 also represent the same class in H'(K, N).

Remark 1.5. Observe that picking e is exactly equivalent to picking representa-
tive cocycles for the cohomology classes in ker ak. In fact, our choice of s; alone
corresponds to our choice of €.

1.5. Normalization of the measures. We choose the Haar measure on SL(2,K)
that coincides with the Serre-Oesterlé measure on SL(2,Ok); that is, our Haar
measure for G is normalized so that the volume of the maximal compact subgroup
SL(2,0k) is the cardinality of SL(2,F,), which is ¢(¢> — 1). In this setting, all
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the fibres of the projection SL(2,0x) — SL(2,F,) have volume 1. We denote
this measure on G by m. This choice determines a Haar measure on g such that
volume of of the kernel of the map sl(2, Ox) — sl(2,F,) is also 1; i.e., the volume
of sl(2,Ok) equals the cardinality of 31(2 IE‘ q)- We denote this measure on g by vol.

Observe that the volume of s/(2, Ok) is —— times that of SL(2, Ox).

1.6. Statement of the character formula. We now re-state the character for-
mula appearing in the Introduction more carefully. Fix measures for G and g as
specified in Section 1.5.

For any smooth representation 7 of G, let ©, denote the generalized function
corresponding to the distribution character 7= with respect to the Haar measure on
G above. For any regular semi-simple X in g and any locally constant compactly
supported f : gK — Qg, let ®¢ (X, f) denote the orbital integral of f at X. Fix an
additive character 1 of K with conductor Ok such that the induced additive charac-
ter of the residue field F, is ¢ (see Section 1.2). For any f as above, let f denote the
Fourier transform of f taken with respect to the Killing form (Y, Z) :=trace (Y Z),
character ¢ and Haar measure on g specified in Section 1.5; thus,

(Y) = /f(Z) W((Y, Z))dZ.

Let &g (X, f) denote the orbital integral of f at X. We will also write ®¢(X,) for
the locally constant function representing the distribution f — @G(X )

Theorem 1.6. Let K be a p-adic field with p # 2. For each depth zero supercuspidal
representation ™ of G and for each cocycle z € {s1, $2,t0,t1,t2,t3} (see Section 1.4)
there is a regular elliptic X, € g and c,(7) € Q such that

(1.10) <(expY) = Zcz )Pa(X.,Y)dX,

for all regular topologically nilpotent elements Y € g; moreover, each c,(w) is a
rational function in q with integer coefficients.

This paper is devoted to understanding Theorem 1.6 from the motivic perspec-
tive. To that end, we present a review of motivic integration in Section 1.7. Our
proof of Theorem 1.6 is sketched in Section 1.8 and executed in Section 4; we will
calculate the c,(m) for each depth zero supercuspidal 7, up to equivalence. The
coefficients ¢, (7) are given in Table 4.

1.7. Motivic integration. The goal of arithmetic motivic integration is essentially
to reduce the calculation of p-adic volumes to the computation of the number of
points on varieties over finite fields. In particular, suppose we are talking about
subsets of an affine space defined over a p-adic field. Consider the measurable
subsets that can be described in a language (of logic) that depends neither on p nor
on the choice of the uniformizer of the valuation (one such language is the language
of Denef-Pas that is described in the next subsection). Once a set is described by
a logical formula in such a language, it is possible to associate a geometric object
defined over Q with it, in such a way that for almost all primes p, the volume of
our set can be recovered from the number of points of the reduction of this object
over [Fy, where ¢ = p” is the cardinality of the residue field of the given local field.

Motivic integration is based on the algorithm of elimination of quantifiers (there
is also a more recent version [CLO5] where in some parts quantifier elimination is
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TABLE 4. The coefficients ¢, (7) appearing in Theorem 1.6.

Cz(ﬂ') S1 to tl t2 t3 S92
m(0)p || g—1 0 0 0 0 0
—1 21 21 21 21
O+ || 7 |~ th Y T 0
-1 21 21 —1 21
0| 5 |t e thr ' 0
21 2.1 21 21 -1
7(-(1)'1‘ 0 qu +q8q +q8q q8q qT
21 2-1 21 21 -1
ﬂ-(l)* 0 +q8q _qu _qu +q8q &S
m(1)g 0 0 0 0 0 q—1

replaced with cell decomposition, also an algorithmic procedure). Since at present
motivic integration as an algorithm is not implemented, it has not previously been
used for computing examples; nevertheless, it can be used to prove general exis-
tence results for the required geometric objects (which already has implications, as
explored in [Ha05], [CH04] and [G04]).

We refer to the original papers [DLO1], [CL05] and to the beautiful exposition
[Hb05] for the detailed description the concept of motivic integration, and the
statements of “comparison theorems” that relate the classical p-adic volumes with
the motivic volumes. In the next few subsections we just give a list of the techniques
we use.

1.7.1. The language of rings and the language of Denef-Pas. The language of rings
is the language of logic such that its formulas can be interpreted in any ring with
identity; thus, any such ring is a structure for this language. The language of
rings has symbols for ’0’ and ’1’, symbols for countably many variables, and the
symbols for the operations of addition '+’ and multiplication 'x’. A formula is a
syntactically correct expression built from finitely many of these symbols, and also
parentheses ’()’, quantifiers ’3’, 'V’, and symbols of conjunction ’A’, disjunction *V’,
and negation '—’. We will usually use this language to work with the residue field
of our valued field.

There is also a first-order language that is perfectly suited for defining subsets
of non-archimedean valued fields: it is the language of Denef-Pas. Formulas in this
language have variables of three sorts: the valued field sort, the residue field sort,
and the value sort. There also are symbols for the function ’ord(-)’ which takes
variables of the valued field sort to the variables of the value sort, and the function
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"ac(+)’ takes the variables of the valued field sort to the variables of the residue field
sort. The formulas are built using algebraic operations on variables of the same
sort, the symbols 'ord(-)” and ’ac(+)’ (which can be applied to variables of the valued
field sort), quantifiers, and the symbols for the logical operations of conjunction,
disjuncion and negation.

Every valued field with a choice of a uniformizer (K,w) is a structure for the
language of Denef-Pas; then the functions ’ord’ and ’ac’ match the usual valuation
and “angular component” maps, where the “angular component” ac(z) equals the
first non-zero coefficient of the p-adic expansion of z, i.e., if x is a unit, ac(z) = =
mod (w); if = is not a unit, ac(z) = 2w °"4*) mod (w).

A subset of an affine space over a local field K is called definable if it can be
defined by a formula in the language of Denef-Pas. For a formula ® with m free
variables of the residue field sort and no other free variables, given a local field with
the ring of integers Ok and a choice of the uniformizer, we will denote by Z(®, Ok)
the subset of Og®™ defined by the formula ®.

1.7.2. The ring of virtual Chow motives. In all versions of motivic integration, the
motivic volume takes values in some ring built from the Grothendieck ring of the
category of algebraic varieties over the base field, which is Q in our case.

Strictly speaking, the so-called ring of virtual Chow motives is a natural choice
of the ring of values for the arithmetic motivic volume, for reasons described in
[Hb05]. We will not define Chow motives here (see [S94] for a good introduction).
As a first approximation, it is possible to think just of formal linear combinations
of isomorphism classes of varieties with rational coefficients.

The motivic volume takes values in the ring Mot, which we will now define. Let
Motg be the category of Chow motives over Q. We take its Grothendieck ring
Ky(Motg), i.e., the ring of formal linear combinations of the isomorphism classes
of the Chow motives, with natural relations (see [S94]), and the product coming
from tensor product. This ring has a unit 1. For every smooth projective variety
V' there is a Chow motive that corresponds to V' in a natural way. It is a deep
theorem that this map from varieties to motives extends to all (not just smooth
projective) varieties, and induces a homomorphism from the Grothendieck ring of
the category of varieties Ko(Varg) to Ko(Motg). Let us denote the image of this
map by Ko(Mot)”. The image of the class of the affine line under this map is
usually denoted by L (called the Lefschetz motive); the point maps to 1. Note that
naturally, in Ko(Motg) we have L + 1 = [P!], where [P'] is the class of the Chow
motive corresponding to the projective line.

The ring Mot is obtained from Ky(Mot)* ®z Q by localizing at L followed by
localizing further at the set {L=*—1|i > 0} (i.e., all these elements can be formally
inverted).

Note that the localization at {IL=* — 1| i > 0} (which is equivalent to adding in
the sums of geometric series with quotient L?) replaces completion that was done
in the original version [DLO1].

Let us also adopt the following convention: for a polynomial F'(q) € Z[q], we will
denote by [F(L)] the class of F(L) in the ring Mot.

For every prime power g, there is an action of TrFrob, on the elements of Mot
that comes from the Frobenius action on the Chow motives. It can be thought of as
a generalization of counting points on a variety over ;. The trace of the Frobenius
operator on a Chow motive is the alternating sum of the traces of Frobenius acting
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on its f-adic cohomology groups, and it is, a priori, an element of Q, (see [DLOI,
Section 3.3]), but in fact this number lies in Q for all elements of Mot that arise
from the motivic volumes (in particular, for us the choice of ¢ doesn’t matter). It
is the trace of Frobenius action that allows us to relate the values of the motivic
measure (elements of Mot) with the usual p-adic volumes (rational numbers).

1.7.3. The motivic volume. We cannot describe the construction of the motivic
volume here, but we only need very simple examples in this paper, so we list just
a few main principles and introduce the notation. Following the pattern of [Hb05],
we start by declaring that there is a map from formulas in the language of rings to
the ring Mot defined above. We denote the image of a formula ¢ under this map
by [¢]. We will use two properties of this map:

e The motivic volume of a formula in the language of rings with no quantifiers
that defines a smooth algebraic variety is the class of that variety.

o If ¢1 and ¢o are equivalent ring formulas, then they have equal motivic
volumes. If ¢, is an n-fold cover of ¢ (both the equivalence, and the term
“cover” are understood in the sense of [Hb05]), then

[p2] = %[(bl]-

Now let us say a few words about the construction of the motivic volume for
definable sets that is compatible with the classical volume of p-adic sets. First, we
need to talk about sets in a way that does not depend on the field — and that is done
by considering definable sets, as described above. In order to pass back and forth
between sets and formulas defining them, it is very convenient to use the notion of
a definable subassignment introduced in [DLO1].

Let haym be the functor of points of the affine space that takes fields to sets
(K — A™(K)). A subassignment of ham is simply a collection of subsets of A™(K),
one for each field K. A formula @ in the language of Denef-Pas with m free variables
naturally defines a subassignment of hym on the category of local fields: for each
local field K, take the subset of A™(K) on which the formula takes the value 'true’.
Such subassignments are called definable.

The motivic volume is defined on definable subassignments and takes values in
the ring of virtual Chow motives Mot. We denote the motivic volume by p, so that
1(®) denotes the motivic volume of the subassignment defined by the formula ®.
Sometimes, if we have a definable set H (defined by some formula ®), we will write
w(H), meaning p(P).

The strategy of motivic integration is to replace the formula that defines our
subassignment with an equivalent formula that has no quantifiers ranging over
the valued field (the language of Denef-Pas admits quantifier elimination). The
next step is to “approximate” the new formula by the formulas in the language of
rings whose variables range only over the finite field. Finally, ring formulas can
be mapped to the ring Mot defined above, as mentioned in the beginning of this
subsection.

The main result that makes motivic integration relevant for us is the comparison
theorem [DLO01, Theorem 8.3.1, 8.3.2]. Let ® be a formula in the language of Denef-
Pas. The comparison theorems (one of which deals with the fields of characteristic
zero, and the other one — with function fields), state that for all but finitely many
primes p, for any local field K with the ring of integers Ok and the residue field F,
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of cardinality ¢ = p", the volume of the set Z(®, Ok) equals the trace of Frobenius
action on pu(®) (which is an element of Mot).

In fact, it is possible to some extent to keep track of the “bad primes” where the
comparison theorem fails, and we will do this as we compute the motivic volumes
in our examples.

1.7.4. Motivic integration with parameters. Here we quote one more technical no-
tation from [CLO5] that will be used only in the proof of Lemma 2.3. Cluck-
ers and Loeser [CLO5] have a more general construction of the motivic volume:
they define motivic volume on definable subassignments of the functor of points of
AR x AY x Z7, which is denoted by h[m,n,r] (here K stands for the valued field,
and k for its residue field), which corresponds to considering families of definable
subassignments of ham with parameters in k and in Z".

1.8. Outline of the proof of Theorem 1.6. Since the rest of the paper is de-
voted to the proof of Theorem 1.6, we describe the strategy before we get into the
technicalities.

We need to prove an equality of two distributions represented by locally constant
locally integrable functions on the set of regular topologically unipotent elements in
the group G. Each of these functions takes countably many values. We prove the
equality by partitioning the domain into sets on which the both sides are constant,
and showing equality on each of these sets. Moreover, the problem is in fact not just
countable, it is in some sense finite. Each one of the two functions is obtained by a
Frobenius-like formula from a function which takes finitely many values (explicitly,
three distinct values for the function on the left-hand side and five distinct values for
the function on the right-hand side). Motivic integration allows us to isolate these
values and the coefficients at each one of them that are acquired in the Frobenius
formula. Those latter coefficients also turn out to be computable. It is in this sense
that the proof is better suited for a computer than for a human — and that is the
point of this paper, really.

In order to be more precise we must first say a few words about regular, topolog-
ically unipotent elements of G. To do this, we start by studying regular, topolog-
ically nilpotent elements in the Lie algebra g; we will then invoke our assumption
that p is odd, in which case these correspond exactly (via the exponential map) to
regular, topologically unipotent elements of G.

What we need, ideally, is a partition of the set of regular topologically unipotent
elements into definable sets such that all the functions involved (the characters and
Fourier transforms of the orbital integrals) would be constant on them. We will
not explicitly use any local constancy results (except in Section 5) instead, we will
first make the partition, and then see that it is the right one.

Recall that at the moment, € (a non-square unit) and w (the uniformizer of the
valuation) are fixed. One of the points of motivic integration approach is to do the
calculation independently of these choices, but that requires some tricks (discussed
below), since they are both very deeply ingrained in all the definitions: ¢ is linked
with the cocycles z, and w plays a role in the construction of our representations.
For now, we write down explicitly seven Cartan subalgebras of g (one non-compact

and six compact).
z 0
=l 2 e}
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We have labelled our Cartan subalgebras by cocycles z € {s{, 1, s, t(, t, t5, t5},
one from each cohomology class in the case sgn(—1) = 1. In the case sgn(—1) = —1,
the Cartan subalgebras labelled by ¢, and t] are conjugate; and the ones labelled
by t5 and t4 are conjugate (which means that the corresponding cocycles represent
the same cohomology class). We will always consider each one of these subalgebras
separately, which means that we are doing one third more work than necessary half
the time.

Our Cartan subalgebras are filtered by depth. To write the filtration lattices
explicitly, we define, for each z € {sy, s/, 85,10, ], t5, 5}, each integer n and unit u
in Ok, an element Y, ,,(u) € b, by Table 5. Let b, ,,:= {Y,n(u)|u € Of}. Then
b, is the set of elements of b, with depth exactly n in b,.

TABLE 5. Elements Y, ,,(u).

z S0 S1 S92

Yz,n(u) [wgu —u—(z)"u] [swonu wgu] |:swn0+lu wn(;lu}

Yanlu) || [, %] e, 0] Leomon, %0"] [onte, "% "]

Further, let “h. ,, (resp. “b7,,, “b7,,) denote the smallest G-invariant set con-
taining b, ,, where G acts on g by adjoint action. The disjoint union of all the sets
Ghzm (as z ranges over ker ag and n ranges over all non-negative integers, with the
exception of n = 0 in Ghs()yn, Ghsl’n and Ghsl,n) coincides with the set of regular
topologically nilpotent elements in g.

In fact, conjugation by G removes the ambiguity caused by the choice of specific
cocycles (and therefore the choice of €): different representatives of the same co-
homology class correspond to different, but conjugate, Cartan subalgebras. Hence,
it would be more appropriate to label the sets Ghz,n by the cohomology classes,

and call them Ghﬂn, where 7 is the cohomology class represented by z. We would
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like to stress that this produces a partition of the topologically nilpotent set that
depends only on sgn(—1) (because the number of the distinct cohomology classes
depends on this sign), and not on any choices. However, we do need the specific
representatives Y, ,,(u) of each one of the sets GbT,n in order to carry out our cal-
culations. Our choice of these representatives depends on ¢ and w. The strategy
is to carry out all the explicit calculations first, get to the level of logical formulas,
and at that stage w would disappear entirely. To remove the dependence of ¢, in
Section 2.3 we turn it into a parameter ranging over the residue field, and then
average over it, also showing that in fact we are averaging a constant function.

We will soon see that our distributions are not all constant on b, ,. In antici-
pation of the correct partition of regular, topologically nilpotent elements of g we
define

Bomt = {Yen(u)|ue O Asgn(u) =+1},
and
Bon,— = {Yon(uw)|ue Og A sgn(u) =—1},

and denote by sz,n,ﬂ: the corresponding G-invariant sets.

Note that with the way we defined our subalgebras, in the case sgn(—1) = —1
when two pairs of them become conjugate, this conjugation switches the + sign:
Bty m.+ corresponds to “by, , —, and “hy, ,, 4 corresponds to “hy, . — (we will see
that this is reflected in our character table).

On the group side, we write I', ,, (resp. I', 4, I'; »,—) for the image of b, ,
(resp. Bzmn,+, Bzn,—) under the exponential map, when defined; we denote the
corresponding G-invariant sets by GI‘Z,n (resp. sz,n#, Gl"zm’,). The character-
istic functions of the sets “T', ,, + will be denoted by f., + and the characteristic
functions of the sets Ghz,ni will be denoted by fzm,i throughout the paper.

Given a depth zero representation 7 induced from a maximal compact subgroup
G;, in Section 2 we associate three virtual Chow motives (denoted Mgfhi’ M;:Li
and ;ii) with each triple (z,n,£) as above, so that the value of the distribution
character of 7 at f., 4+ can be recovered from this triple of virtual Chow motives
for almost all residual characteristics p (in fact, for all p # 2). Moreover, we will
see that the only way in which these motives depend on 7 is through the compact
subgroup on which 7 has non-trivial compact restriction (i.e., through the choice
of the vertex in the building ¢ = (0) or ¢ = (1), see Section 1.1).

In Section 3, we also associate with each (z,n,+) five virtual Chow motives, so
that all orbital integrals that appear in the right-hand side of the Elliptic Character
Formula can be recovered from these motives.

In Section 3.4, we put together all the results about groups over the finite fields
that are crucial for our understanding of the p-adic “lifts”.

Since both sides of Elliptic Character Formula are invariant under conjugation
by G, all we have to do is check the equality on each of the sets I', ,,. This is done
in Section 4. Due to a very mechanical nature of this proof, we do not include all
the details. In all proofs, we include all the details in one “unramified” case z = s;
and one “ramified” case z = t9; in the other cases we just indicate the differences
and summarize the results in the tables.
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2. MOTIVES CORRESPONDING TO OUR CHARACTERS

Throughout Section 2, ¢ denotes either the standard vertex (0) or the vertex (1)
in the Bruhat-Tits building for G (see equation 1.1); we also reserve the symbol j
for the baricentre of the facet with boundary {(0), (1)}.

2.1. Consequences of the Frobenius formula for the character. This section
follows the method of expressing the character as a sum over conjugacy classes in
the reductive quotient that was used in [GO04].

Let 7 be a supercuspidal depth zero representation of G and let ©, be its distri-
bution character in the sense of Harish-Chandra. Let f be a test function supported
on some compact subset H of the set of regular topologically unipotent elements in
G. We can assume that f = fy is the characteristic function of such a set without
loss of generality. Let x be the character of the representation of the finite group
G, that gave rise to 7 (see Section 1.1). Since G; is a maximal compact subgroup
of G, the Frobenius formula gives the following expression for the character:

@w(fH):/G/GfH(ghg’l)xi,o(h)dhdg

://Xi,o(gflhg)dhdg

GJH

:/ / /Xi,o(k—lg—lhgk)dhdkdg
G/G;JG; JH

:m(Gi)/ /Xiyo(gflhg)dhdg.
G/G; JH

Of course, the real work is to prove that these integrals converge. This is done for
example in the proof of [BH96, Theorem A.14(ii)]. We will also see the convergence
when we do the calculations by hand.

The next step is to rewrite the outside integral in equation (2.1) as a sum using
the Cartan decomposition G = G; AG;, where A is the set of elements of the form
ay :=diag(w?, @) with A\ a non-negative integer. This is also done in [BH96,
Theorem A.14(ii)], see equation (2.3) below. We will also take this formula one
step further by collecting the terms corresponding to each value of the character of
SLy(F,) at unipotent elements.

Before we can carry out this plan, we need to introduce some more notation.
Recall that there are three unipotent conjugacy classes in SL(2,F,): the class Up
of the identity (one element), the class Uy of the element [} 1], and the class U,
of the element [{ §], where € is a non-square in Fy. Suppose U is a unipotent
conjugacy class in SL(2,F,), A is a non-negative integer and i is a vertex in the
Bruhat-Tits building for G. For any regular topologically unipotent element h of
G, let N{; ,(h) denote the number of right Gji-cosets gG; inside the double coset
G;a)G; that satisfy the following condition:

(2.1)

9 'hgeGi A piolg thg) €U.

Proposition 2.1. Let m be a supercuspidal depth zero representation of G and let
O, be its distribution character in the sense of Harish-Chandra. Let H be a compact
set of regular topologically unipotent elements in G and let fy be the characteristic
function of H. Let x be the character of the representation of the finite group G



MOTIVIC PROOF OF A CHARACTER FORMULA FOR SL(2) 17

that gave rise to w (see Section 1.1). Then
(2.2 O (/i) = 3 (W) [ Nin(h)a.
XU

where U runs over unipotent conjugacy classes in SL(2,F,) and A runs over non-
negative integers. The sum over A has only finitely many nonzero terms.

Proof. Consider a fixed double coset G;a)G;. We observe that if g1,¢92 € G; and
g1a,G; = goa)\G; then Xi,o(gl_lhgl) = xi,o(gg_lhgg). Hence, using Cartan decom-
position, the double integral from the formula (2.1) can be rewritten as a double
sum, and we obtain the formula (cf. [BH96, Theorem A.14(ii)]):

(2.3) Ox(fr) = m(Gy) Z Z / Xi.o(g~"hg) dh,
a€Gi\G/Gi g€GiaG,/G; * 1
where the summation index in the outside sum runs over the set of representatives
of the double cosets, that is, over A, and the summation index in the inner sum runs
over the set of representatives of the left G;-cosets inside the given double coset.
We refer to [BH96, Theorem A.14(ii)]) for the proof that there are only finitely
many values of A that give nonzero summands.
Now, consider the contribution of the double coset
Gi {w(; w%} G;
to the sum in the right hand side of equation (2.3). The following two observations
make the calculation of the character fairly simple. First, the function x; ¢ vanishes
outside the maximal compact subgroup G;, while on G;, the value x; o(g) depends
only on p; o(g). Second, the set H is contained in the set of topologically unipotent
elements, so for every h in H, the element p; o(g~'hg) is a unipotent element in G,
provided that g~'hg lies in G;. Using these observations it is possible to rewrite
the formula for the character (equation (2.3)) in the following form:

(2.4) Onlfn) = 3. 3 x(U) [ N () dn
XU H

O

In the next section, we will see that the numbers Nﬁ () give rise to geometric
objects. Note that these numbers essentially depend only on the group; they depend
on the representation only through the choice of the vertex ¢ that indexes the
maximal compact subgroup from which our representation is induced.

2.2. Almost definable sets Wz,/\(h) In this section we begin the process of
finding Chow motives related to the numbers NliL 4 (h) introduced in Section 2.1 by
expressing these numbers as p-adic volumes of some sets Wf] s (h); we will then use
the comparison theorem of Denef and Loeser (see Section 1.7.3) to recover these
p-adic volumes from the motivic volumes. But first we need to introduce yet more
notation.

Suppose U is a unipotent conjugacy class in G;, A is a non-negative integer,
and 7 is a vertex in the Bruhat-Tits building for G. For any regular topologically
unipotent element h of G, define

(2.5) W[Z]A(h) ={y e G| a;lyflhyak e G; A pLo((ya)*lh(ya)) eU}.
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Lemma 2.2. With notation as above,

: m(W \(h))

2.6 N} (h) = g1 TA Y
( ) U,A( ) (q + )q m(Gl) )
for all reqular topologically unipotent h € G.

Proof. Let ay denote the element diag(ww?, ™), as before. For each A € NU {0},
we say that two elements y; and yo in G; are A-equivalent, if yjay) and ysa) are
in the same left G;-coset, that is, if a;lyf Yysay € G;. The A-equivalence class
of an element y is denoted by [y]x. Each set Wy, \(h) is a finite disjoint union
of A-equivalence classes (see [G04]), and if it contains an element y, it contains
the whole class [y]x. With this notation, the number Nf], ,(h) equals the number
of A-equivalence classes in the set Wf] s\(h). Now, for A > 0, the cardinality of
GiaxG;/G; is (g+1)¢** !, as can be shown using the affine Bruhat decomposition
for G (see [BT96], for example). Since all equivalence classes have equal volumes
(see [G04, Lemma 4]), it follows that

i QA_lm(W(Z],)\(h))
(2.7) Npa(h) = (qg+1)g m(Gy)

as claimed. O

The sets ij y(h) are almost definable, but they depend on the parameter h
that cannot be specified within the language. Still, it is possible to use motivic
integration to calculate their volumes, by using the version of motivic integration
that allows parameters.

2.3. Motivic volumes of the sets ij)\(h) In this section, we write down the
formulas defining the sets Wf] () of the previous section, and then calculate their
motivic volumes. This is done case-by-case in z. We start with the most interesting
case z = s). We include all the details only for ¢ = (0). Before we start the
calculation, two remarks are due.

First, recall that we had to fix a non-square unit ¢ and a uniformizer w, as
discussed in Section 1.8. In this section, we introduce a variable § that would be
allowed to range over non-square units. As discussed in Section 1.7.1, a p-adic
field together with the choice of the uniformizer is a structure for the language of
Denef-Pas (i.e., such a choice provides an interpretation of all the formulas). If we
choose a non-square unit € in the given field, carry out all the constructions that
appeared so far, and then plug in the value of € for § in our formulas, we will get
the corresponding sets W}, , (h). We will see, however, that their motivic volumes
(and therefore, also p-adic Volumes) are independent of the choice of €.

Second, the comparison theorem relates the motivic volumes to p-adic volumes
for all but finitely many primes p. There are two sources of “bad” primes in this
statement: singularities of the varieties that come up, and quantifier elimination.
Since we are doing all the calculations by hand, and our cases are very simple, we
will see that the only prime that needs to be excluded is 2.

2.3.1. The logical formulas for Wéoz\(h) for h € T'y, ;. Recall that all the elements
of the set I, ,, have the form

(2.8) h(1+*){1+* W”},

cuw”™ 14 %
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where u € O, and '+’ stands for elements of order at least 2n. We write y =
[@ 2] € Gy and use the entries a,b, ¢, d as free variables in our formulas. We begin
by fixing U and h as above and finding explicit conditions on a,b, ¢, d and A which
ensure that y € W((Jog\(h) It can be verified directly that:

1+hot u(d?® — b%e)w" + h.ot

—1 _
(2.9) Yy hy = (14 %) u(a%e — )" + h.o.t 1+ h.ot ’

where h.o.t means “higher order terms”, which refers to the terms with valuation
greater than that of the leading term.

As we see from equation 2.5 we must now conjugate this element by a). Con-
jugation by ay induces multiplication of the entry in the upper right-hand corner
by @w~2*, and multiplication of the entry in the lower left-hand corner by w?*. It
follows that a;ly’lhyaA € G(p) if and only if

(2.10) =2\ +ord(u(d* — b*e)w™)) >0 A 2X +ord(u(a*s — ¢*)w™)) > 0.

Consequently, we have the following list of cases:
Case 1. 2\ < n. In this case, for any y € G(g) the element a;ly’lhyaA lies in
G0y and projects to the identity under the reduction mod w.
Case 2. 2\ > n. We observe that ord(d? — b%c) = 0: indeed, either both a and d
or b and ¢ have to be units because ad — be = 1, and p(g) o(d* — b%e) # 0 since ¢ is
a non-square. Similarly, ord(a’c — ¢®) = 0. This implies that if 2\ > n, the set of
ys satisfying the conditions is empty.
Case 3. 2\ = n. (This case corresponds to the interesting situations.) In this
case the image of a;ly_lhyaA under p(g),o is an element of the form [(1J [1'3], where
B = ac(d* — b*)ac(u) € F,. Then for h € Ty 4, p(oy,0(ay 'y~ hyay) falls into Uy
if ac(d?® — b%¢) is a square and into U, otherwise.
Notice that when A is fixed and h is fixed, the condition that y € W,(Joz\(h) does
not depend on u, as long as h is confined to one of the sets 'y, , , and 'y , .
We now reformulate what we have found concerning the character in terms of
formulas in Pas’s language. We start by observing that the maximal compact
subgroup G g is defined by the formula

‘ad—bc=1 Aord(a) >0 Aord(b) >0 Aord(c) >0 Aord(d) >0’

For the cases 2\ < m or 2\ > n, no other calculations are needed. Indeed, if
2\ < n, then we are within Case 1, and therefore both sets W[(]?)ﬁ \(h) are empty,
and W((]?))’/\(h) = G). If 2\ > n, then we are within Case 2, and the set of ys
satisfying the conditions is also empty.

Let us now consider the case n even, and 2\ = n. Let ¢ (b, d, ) be the formula
(in Pas’s language)

Y(byd,8) = "3x(d* — b*6 = z?)".

Since we will often pass back and forth between the valued field and the finite

field, let us introduce an abbreviation for the “reduction mod w” map: let

. ac(z), ord(x)=0
o, ord(z) > 0.
If we know that § is a non-square unit, then by Hensel’s Lemma, to check whether

the triple (b,d,§) with (b,d) # (0,0) satisfies the formula v, it is enough to know
whether its reduction mod (w) satsifies the same formula (where now the variables



20 CLIFTON CUNNINGHAM AND JULIA GORDON

are interpreted as residue-field variables). Hensel’s Lemma is applicable because
d?> — b?§ cannot be 0 when we assume that § is a non-square and b,d are not
simultaneously zero.

Let us consider the family of formulas depending on a parameter 7 that ranges
over the set of non-squares in IF, (note that this is a definable set):

(2.11) ¢y(a,bye,d) ='ad—bec=1 A3IED* —d®n=¢?).

For every value of n € F” \IE‘q*Q7 if we let all the variables range over Ok, the
formula ¢, (a, b, c,d) defines the set W, (h) for any h € I'y, ,, » if the unit ¢ that
was fixed in order to define the sets I'y; ,, + has the property € = n. The same

formula also defines the set W[(J(E))/\(h) with h € T'y;, . In the next subsection we
find the motivic volumes of these sets.

2.3.2. The motivic volumes of W[(]O;\(h), h € T'y; n,+. The calculation of these vol-
umes is very simple. Recall that our Haar measure on G is normalized in such a way
that the fibres of the projection G — G(F,) have volume 1. The formula ¢,, imposes
a condition on the variables b, d that apparently depends only on b, d. This means
that either a whole fibre over a point (a, b, ¢,d) € SL(2,F,) satisfies this condition,
or the whole fibre does not satisfy it. Hence, to calculate the volume of the set
W[(]?{A(h), all we need to do is count the number of points in [2 %] € SL(2,TF,) that
satisfy the condition 3¢ : b? — d?n = €2, where 7 is a parameter that is a quadratic
residue in F,. This calculation is carried out carefully in the Lemma below.

The next lemma is the only place in the present paper where interesting geometric
objects come up from p-adic volumes. Given the argument above, it is not surprising
that the p-adic volumes of the sets WI(JO;\(h) with the “border-line” value of A = n/2
(for n even) are connected with the number of points of a conic over the finite field.

Lemma 2.3. Suppose h € U'y; ,,. Ifn is even and A = n/2 then the motivic volumes
of the sets W[(]Ol{)\(h) and WL(,OE),A(h) both equal $L(L — 1)(L + 1), which is half of
the motivic volume of the mazximal compact subgroup Goy; otherwise, the motivic
volumes of the sets W,(J?)’)\(h) and Wg:)A(h) both equal 0.

Proof. Since for any h € I'sr , 1,
0 0
Wl(h))\(h) U W[(JE))\(h) = G(o),

it is enough to find the (motivic) volume of any one of these sets. Assume for
simplicity that h € I'y; 4. As shown in the previous subsection, we now have
to find the (motivic) volumes of the sets defined by the formulas ¢,(a,b,c, d). It
seems that the simplest way to do the “motivic” calculation is to consider the total
volume of the disjoint union of all the subassignments defined by the formulas ¢,,
over all the values of 7 in F,* \ F,**, and then prove that in fact all these fibres
have the same volume.
Consider the formula

q)(a7b> C7 d7 77)
=‘ad—be=1 AIIEA0d®-n=¢%) ADB(1n=p2).

In this formula, four variables a,b, ¢, d range over the valued field, the variable 7
ranges over the residue field, and all the quantifiers range over the residue field.

(2.12)
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It defines a subassignment of h[4,1,0] (see Section 1.7.4 for this notation), which
corresponds to the disjoint union of the subassignments of h[4, 0, 0] defined by the
formulas ¢,, over all non-squares 7.

Stepl. Reduction to the residue field. The formula ® can be broken up into two
parts according to whether b is a unit: ® = (® A (ord(b) = 0)) V (P A (ord(b) > 0)).

We start by showing that the subassignment defined by ® A (ord(b) = 0) is
stable at level 0, i.e., that it is essentially “inflated” from the finite field. In order
to do this, we need to introduce an abstract variety V that plays the role of the
“projection” of this formula to the residue field.

Let k be an arbitrary field of characteristic zero (the theory of arithmetic motivic
integration tells us that we should think of & as a pseudofinite field). Consider the
subvariety V of A% over k cut out by the equation z? — zx3 = 22. It has no
singularities outside the hyperplane zo = 0 (note that this statement is true in any
characteristic greater than 2). Recall the notation [¢] for the motivic volume of a
formula ¢ in the language of rings. Let

(2.13) My i= ['(o? — s = 23) A (w2 7 0) A (25 # ) A (24 # O) A (BB (w5 = B2).
Consider the formula

®1(b,d, n,§) ==

(A = 6% =€) A (E# 0) A(ord(b) = 0) A (1 # 0) A (BB (n = 5%))

Set &y =d, x5 = b, x3 =1, x4 = . This “reduction” takes the formula ®; exactly
to the ring formula that appears in the right-hand side of (2.13). Since it is mutually
exclusive with the formula x5 = 0 that defines a set containing the singular locus
of V, the subassignment of h[2,2,0] defined by the formula ®; is stable at level 0,
and its motivic volume equals M.

Let ®2(b,d,n) be the formula

'3 (& — b =€) A (€ #0) A(ord(b) = 0) A (1 # 0) A (BB(n = 57))".

The formula ®; is a double cover of @y, so u(Ps) = %,u(CI)l) = %Ml.

Finally, consider the projection (d,b,c,a,n) — (d,b,m). The subassignment
defined by ® A (ord(b) = 0) projects to the subassignment defined by ®,, and
the volume of each fibre of this projection is IL: indeed, given that b is a unit,
for every value of a, there is unique ¢ such that ad — bc = 1. Hence, we have
w(® A (ord(d) =0)) = %ILI\\/JIl.

Step 2. Independence of the parameter n. This step consists in the observation
that for each n1,m2 € F,* \Fq*2, there is a definable bijection between the triples
(21,9, 24) and (2}, 24, 2,) such that 22 — z2n; = 22 and @}> — 24°ny = 2% the
bijecton is defined by the formula

‘I’(ﬂh,$2,$47$/1793/273?£1,7717772)
="Jy(m =ny®) A (@] = 1) A (2 = 22y) A () = 24) ABB(m = 57).

The Corollary [CLO05, 14.2.2] together with Remark [CL05, 14.2.3] implies that
if the motivic volume is constant on the fibres, then the total volume is the volume
of the fibre times the class of the base. It follows that for each n € F \F;Q, we
have )

_ ﬁM(Q) A (ord(b) = 0)).

(6, A (ord(b) = 0))
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Step 3. A residue-field calculation: finding M. Note that it is in this step that
we see the conic promised in the introduction.

We start by considering abstract varieties again. Recall the variety V' defined
in Step 1. Let us denote the coordinates on A® by (t,s,e), and consider the sub-
variety Vo of A3 defined by the equation t?> — s = e. Consider the birational map
(z1, 2,23, x4) > (22, 7L, 3, 1) from the variety V' to the variety V5 x Al. Tt is an
isomorphism between the open sets zoz3 # 01in V and e # 0 in V5 x Al. Then the
class M} equals 33 # 0 : 2 — s> = %](L — 1). It remains to calculate the class
(B3 #0: 2 — 52 = 3?].

The class L2 of the (¢, s)-plane breaks up into the sum of the three classes:
L? = B3(t° — s = 6°)] + [3B(t* = s* = B*) AB# O] + [t — s = 0],

It is easy to see that [t? — s2 = 0] = 2(L — 1) + 1. We also have [33(t? — s =
P?YAB#0]=F(L-1)[z?—y?>=1] = (L — 1)(L — 1). Therefore, [A3(t* — s* =
n?)] = L2 —L + %. Hence, M; = (L — 1)3.

Finally, we have:

(g A 0xd(b) = 0)) = = (® A (ord(b) = 0))
(2.14) 1 L i
= =L - 1)L = JLL -1

Step 4. Completing the proof. It is easy to calculate the motivic volume of the
remaining part ¢, A (ord(b) > 0). If ord(b) > 0, then the formula v (d, b, 1) becomes
"33 # 0(d? = 3?). Clearly, its motivic volume is (L — 1). It remains to notice that
if ord(b) > 0, then the variable ¢ contributes the factor L, both (a,d) have to be
units, and once d is chosen, a is determined uniquely by the determinant condition.
Altogether, we get (¢, A (ord(b) > 0)) = L(L — 1). Finally, we get:

1
WS o) = (@) = SLL — 1) + L(L ~ 1)
= %IL(]L - (L +1),
which completes the proof of the Lemma. 0

2.3.3. The motivic volumes of W((Jog\(h) forh € Ty ,,. In the case z = s} the answer
9 2

is essentially the same as in the case z = s, but the calculation is slightly more
complicated. Here we sketch the calculation of the motivic volume of the sets
Wéog\(h) for h € I'y; , +, indicating the differences with the case z = s}.

Exactly as before, we consider the element axly*173é7,LyaA, and use the entries
of the matrix y = [’Cl Z] € G(o) as free variables in our logical formulas.

The conditions (2.10) are now replaced with

—2X + ord(d*uw™ ! — brueww" 1)) > 0

2.15
(2.15) 2) + ord(auewn 4+ 1 — Cuw™ 1) > 0.

The second condition is satisfied automatically if A\ > 0, so we only need to focus
on the first one. Similarly to the case z = s, this condition implies that when
A > %H, the element axly’lhyaA is outside G(gy; if A < "T71, this element is in
G0y and projects to Up.
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Suppose for now that n is odd. Unlike the case z = s}, now there are two
interesting cases: A = "T_l and A\ = "T'H If A= ”T_l, and ord(d) = 0, then
p(o),o(a/(lyflhym) € Uy if sgn(u) = 1 and p(o),o(a;\ly’lhyak) € U, if sgn(u) = 1.
If ord(d) > 0, then p(o),o(axly_lhya,\) € Up. If XA = 2L, then ay 'y 'hyay is in
G0y only if ord(d) > 0. In this case, the projection of the element a;ly_lhyaA
depends on the sign of ac(d? — b%) and on sgn(u), which is similar to the case
z = s}. The only difference is that here there is an additional condition ord(b) = 0
(if ord(d) > 0 then the determinant condition forces ord(b) = 0). By Lemma 2.3
(see equation (2.14)), the motivic volume of the subset of G defined by the for-
mula 3¢ # 0(ac(d? — b%e) = &%) A (ord(b) = 0) A (ord(d) > 0)’ equals (L — 1)%
The motivic volume of its complement, i.e., the set defined by the formula 'A¢ #
0(ac(d? — b%e) = £2) A (ord(b) = 0) A (ord(d) > 0)” equals L(L2 — 1) — (L — 1)? =
%]L2 - % The last two sentences are of course an abbreviation. In truth, we have to
replace ¢ with a variable § and do everything exactly the same way as it was done
in the previous case. Since this is already part of Lemma 2.3, we do not repeat this
argument here.

For simplicity, suppose that sgn(u) = 1. Putting all these calculations together,
we get:

1, 1
K WnT“JJE) = iL Ty
(2.16) pWasa ) =0;
' p(Waza ) =LA(L - 1);
1
pWap ) = 5 (L — 1)?

The case n even, and the calculation of (W) p,)(?) (h) are similar to the case z = /.

2.3.4. The ramified cases.

Lemma 2.4. Let i be a vertex in the Bruhat-Tits building for G. Suppose h €
Do, with z € {ty,t),th,t5}. Then the sets Wi (h) are definable for all non-
negative integers A, their motivic volumes are independent of h and the choice of
g, and can be explicitly computed.

Proof. We prove this lemma only for ¢ = (0). The proof in the case i = (1) is
very similar; the results of these calculations become part of the expressions for
Mz(l,z(i, Mz(lii and Mz(lr)fi appearing in Tables 8 and 9. So everywhere in this
proof i = (0), and we drop the superscript ¢ from the notation W,ZJ)\(h)

The argument is very similar to the unramified case; the only difference is that
the actual calculation of the motivic volumes of the corresponding sets Wy A (h) is
simpler. Here we carry out the proof for the case z = t;. The other three ramified
cases are almost identical to it. First, as in the previous subsection, we write the
elements h of the set I'y, ,, explicitly as:

1+ % uw"

(217) T il

} ,where wu € Ok,

and * denotes the terms of order at least 2n, as before.
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As in the proof of the previous lemma, we let y = [ 2 %] be a variable running over
G0y (so that the symbols for its entries a,b,c,d will become the formal variables
in the Pas’s language formulas defining the sets W[(Jog\(h))

As before, we compute y~thy:

(2.18)

_ 1+hot d*uw™ — b2euw™t! + h.ot

1p. _

yohy = (14) a’uew" ! — uw™ + h.o.t 1+hot ’

This leads to the following conditions on y, A for the element a;ly_lhya A to be
in G(O):

—2\ + ord(udzw” - b25uw”+1) >0 and

2.19
(2.19) 2\ + ord(ua’ew™ ! — Fuw™) > 0.

As before, it is convenient to consider the cases n even and n odd separately.

Suppose n is even. Looking at the left-hand side of the inequalities (2.19), we
see that if A < n/2, then the set Wy, x(h) coincides with the whole of G g, and
the sets Wy, A(h), Wy_ A(h) are empty.

If A > n/2, then, since n is even and X is an integer, 2 is at least n + 2, which
forces the element a;ly_lhya)\ outside G(q), and all three sets are empty.

Finally, in the case A = n/2, the outcome depends on the entry d: if ord(d) = 0,
then the term d?uw™ in the expression d?uw™ —b?cuw™ ! dominates, and therefore
p(o)’o(agly_lhya,\) € Uy if sgn(u) = 1, and p(o),o(axly_lhya,\) € U. if sgn(u) =
—1. If ord(d) > 0, then p() o(ay 'y *hyay) € Uo.

Hence, for h € 'y ,, &, the set Wiy, ,,/2(h) is defined by the formula 'ord(d) > 0’
in conjunction with the formulas defining G (). Note that the volume of this set is
the same as that of G(g1), i.e., equals (L. — 1). The sets Wy, ,,/2(h), Wy, 5 2(h)
are defined by the formula ’ord(d) = 0’ in conjunction with the formulas defining
Gy for h € Ty 4 and h € I'y, ,, _, respectively, and are respectively empty for
h e Ftéﬂl,— and h € th,m_i_.

The case n odd is very similar. If A = ”T'H (the most interesting case), and
ord(d) = 0, the second one of the conditions (2.19) is not satisfied, so all three sets
Wy nia (h) are empty. If ord(d) > 0, then automatically ord(b) = 0, the leading

2euw™ ! is —b?uew™t!, which has sign opposite

term in the expression d?uw™ — b
to sgn(—1)sgn(u).
We get: if A < (n—1)/2 then

Wuor = Gy, and Wy, x(h) = Wy, x(h) =0, for any h € Lty s

if A > (n+1)/2 then all three sets are empty; if A = (n + 1)/2, we have
(2.20)
Wy ’nTJrl(h) = G(o) N {ord(d) > 0}, WUEynTH(h)

W 1 () = Gioy N {ord(d) > 0}, Wy s (h)

= (2)7 h e Fté,n,sgn(fl);

= (Z)u h e 1—‘t’z,n,—sgn(—l)'

It follows that :“(WUI,% (h)) equals 0 or equals 1(Go1)) = L(L — 1) depending on

whether h € T'yy 5 sgn(—1) Or B € I'y; 1y _ggn(—1); the same is true for u(WernTH(h)).
As we see from this proof, a different choice of £ could not have affected the

motivic volumes of these sets; also, clearly no “bad” primes were acquired. (I
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2.3.5. The case i = (1). In all the proofs in the present section we have been
assuming that ¢ = (0). The only major difference of the case i = (1) is that the
element y = [‘Z Z] now belongs to G(1), not G(p). The requirement is that the
element a;ly_lhya,\ belongs to G (1), and and the reduction map applied to this
element is p(q) o instead of p(g),0- Therefore all the cases look slightly different, but
no new varieties appear in the calculations of the motivic volumes of the new sets.

2.4. Motives corresponding to the distribution characters.

Proposition 2.5. The Harish-Chandra character of each depth zero supercuspidal
representation is constant on each set G, n,+- Moreover, there exist virtual motives
ML), Mb,, , and M5, (where z 1s any cocycle defined in Section 1.8, n is a
positive integer for z € {so, 81,85} and a non-negative integer for z € {t(,t},t5,t5},

the sign v is + and i is a vertex (0) or (1)) such that

1
7@77(]("2’”;1’)
(2.21) m(“Tzn0)
= xlv, TrFmbM;n L+ xlu, TrFmbM; :L » T Xxlu. TrFroszZ Z I

The virtual motives M0 ML and M5  are explicitly given in Tables 6 and

z,n,v’ z,n,v z,n,v

7 in the case i = (0), and in Tables 8 and 9 in the case i = (1).

Proof. We will show the details of the proof of this proposition in the case i = (0)
only. The results of the similar calculations in the case i = (1) are summarized in
the tables.

Let us apply Proposition 2.1 to the test functions f,, , (so that the set H in
that Proposition is T, ). Note that in G, for all z but s, b, is elliptic, i.e.,
it is a compact Cartan subalgebra. We consider the elliptic cases first. As we will
explicitly see below, the sum over A that appears in the expression (2.2) has only
finitely many terms in these cases, so we can permute the two sums, and obtain

(2.22) 7 (fomw) ZX Z/ NUA ) dh,

where the index U runs over Uy, Uy, and U.. That is, the character is already
expressed as a linear combination of the values x|u,, X|U17 and x|u.. All we need to
do, is “evaluate” the coefficients ), fGF NU’ y(h). We recall Lemma 2.2 which

relates the numbers N, 5 (h) to the volumes of the sets Wi s (h). Then we evaluate
their motivic volumes for h in each of the sets GI‘zyn,l, and sum them over \ with
coeflicients that come from Lemma 2.2.

We start with z = s|. Let h be an element of I's n+, and let A be a non-negative
integer. By the comparison theorem, the equality (2.7) of Lemma 2.2 can be written
in a “motivic” form: for all primes p # 2 (recall that ¢ is a power of p), we have
N&)\(h) = TrFrob, M{, ,, where

M(W[Z],)\)(h’) o 22—1 M(ng,)\)(h)
wGi) =L+ 1L wGi)

For now, let i = (0). Note that, a priori, the right hand side depends on the element
h. However, we have shown in Lemma 2.3 that for all h € T'y; ,, 1, and for every

My =[(g+ )¢
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U, the motivic volume of Wy, , (h) does not depend on / and equals:

1
§L(L2 —1), ifA=n/2, neven, U="U; or Uy,

L(L? - 1), ifA<n/2, U=U,

0, otherwise.

Let us define the virtual Chow motive MS(/?);O . that corresponds to the conjugacy
class Uy by the formulas

n/2—1 Ln—1_1
Mé(,?)noi =1+ (L+1) Z L1 = T -1 if n is even,
(2.23) A=t
(n—1)/2 L
MP =14 (L+1) AZ_I L = if 7 is odd.
Also let
(2.24) YO _ a0 %(ILJr L™=t if n is even
) st s1md 0, if n is odd
Then, combining the equations above, we obtain, for p # 2,
@ﬂ' ARINY
Cgfsl,n, ) _ @ﬂ(h)
2.25) ML)
= x|y, TrFrob Mio oy T Xlon TrFroszo)nly + X|U5T1rFrobMS(O o

where we write ©, both for the distribution character and for the locally integrable
function on the regular set that represents it. Note that there is no difference in

the formulas for © (fs » 1) and Ox(fs; n,—), because M( )’ 4 in any case coincides

(0),e
with MS it

In the case z = sh, the calculation is very similar to the cace z = s, except

The proposition in the case z = s} is proved.

that when n is odd, the expressions for Ms(o)nly and Ms(o)nsy contain one or two

terms depending on v, yet the final answer is the same in the both cases. Using
equation (2.16) we get:

(0),1 e _ 1 (L=1) on=1_1
My =My = 3L (Lt 1)+ g L2 L+ )
1
= ?Ln*l(]l‘*'l);
0,1 e _ 1 (L2—=1) pnn
M =M = s )
1
= 51L”—1(L+1).

The values of Mig);fy are computed similarly to the case z = 5.
Let us now prove the Proposition for the ramified elements. All ramified cases
are very similar to each other. We show the details for the case z = ¢,. The
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argument is exactly the same as in the case z = s}, but we have to use Lemma 2.4
instead of Lemma 2.3. In the case n even, we get:

(2.26)
n/2—1
G 1) n
MO0 g L2214 (G on) L251(L + 1)
tomE Az::l (G o))
Lt —1 1 n L™ -1
= L*2 N (L+1)= ;
=1 toyir CFD=go
G)) — m(Gon) on L on
M(,O)al — M(/O)vs —_ H( (0) ]142571 L 1) = L2571 L 1) = L":
ty,m,+ ty,m,— M(G(O)) ( + ) L+1 ( + ) )
0),1 0),e
Mté,n,f - Mt'z,n,+ =0.
If n is odd, a similar calculation yields:
n—1
MO0 =1+ (L+1) ZQ:HEH(]LH) Lol
th,n,+ - ~ - L—1 .
(2.27) L
(0),1 _1s(0)e _ ontl g _T1n
th,n,sgn(—1) Tty ,m,—sgn(—1) L+ lL 2 (L + 1) =L"
(0)51 _ (0)’5 _
th,n,—sgn(—1) _Mtg,n,sgn(—l) =0.

The Proposition for z = &, follows.
Finally, let us address the case s = s(. The elements of the set I's; n have the form

h = 14+uw™ 0
- 0 (l-l-'uxz,v”)*1

section, we take y = [2 4] € G(o), and write down the conditions ensuring that the

}, where u is a unit. Following the pattern of the previous

element a;ly_lhya A belongs to G ) and projects to a given conjugacy class under
the map p(g),0- As before, we see that this depends on the entry in the right-hand
corner of the matrix ay 'y~ *hyay, which equals @~ 2*bd((1 +uw™) — (1 +uw™)"1).
We have (when p # 2):

ord(w~?*bd((1 + uw") — (1 + uw™)™')) = — 2\ 4 n + ord(bd),

(2.28) o .
ac(w bd((1 +uw") — (1 +uw™)™")) =2ac(bd)ac(u).

Here the situation is quite different from the elliptic cases, because the valuation of
bd can be arbitrarily large, and therefore there are infinitely many values of A such
that a;lyflhyax belongs to G(gy. We know, of course, that the sum in the equation
(2.2) has to be finite anyway. Here we will see explicitly that it happens because
both for x = @7 and x = Q¢ (and therefore, for any linear combination of these

two functions also), for large values of A the sum of three terms ), X|UN[(]02\ (h)
vanishes. Indeed, if x = Q¢, it is easy to see that this sum is always zero, because
Q¢ vanishes on the class Uy and takes opposite values on U; and U.. Suppose
X = Q7. Then for each positive integer k, we will need the volumes of the subsets
of G (o) defined by the formulas {ord(b) > k} and {ord(d) > k}. Note that these sets
are disjoint and have equal volumes. From the point of view of motivic integration,
it is easy to see that these sets are stable at level k in the language of [DLO01], and
their motivic volumes equal (L — 1)L_(k_2). The only varieties appearing in this
calculation are affine spaces, so we acquire no bad primes. Now it is easy to see that
when 2)\ > n, the value x|y, appears with the coefficient (L — 1)L~(*~2) and the
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values X|v,, X|v. each appear with the coefficient 2 (L — 1)2L~( =1, which leads
to the cancellation in the case x = Q7. Finally, we are again in a situation similar
to all the previous cases, where we only need to sum over all A not exceeding n/2.
We omit the details of getting the answers that appear in the first rows of Tables 6
and 8. This ends the proof of the Proposition 2.5. O

TABLE 6. Virtual motives for the characters of m(0)g, 7(0)1 and
m(0)— at Y} ,(u) for z € {sg, 57, s5}.

: ML M MO
s Ln—to1 Lo Ln
0 L—1
| 5= nodd 0, n odd 0, n odd
*1 H‘l__lfl, n even %(L + 1)]14”*1, n even %(]L + 1)}1]‘*17 n even
o Hf,ll’ n odd 0, n odd 0, n odd
2 H‘T]l]:_ll_l, neven | 3(L+1)L"', neven|i(L+1)L""', neven

TABLE 7. Virtual motives for the characters of w(0)g, 7(0)+ and
7(0)_ at Y, ,,(u) for z € {t},t,,th,t5}. (Recall that (* = sgn(—1).)

2 | MO9S MO MO
t L"—1 an C2n =V 07 an =V

0 L-1 0, otherwise L", otherwise
t L"—1 Lna C2n =V 0, C2n =V

Ll L-1 0, otherwise L™, otherwise

P I I S | B e e 1%
2] L1 0, otherwise L™,  otherwise

t/ Lr_1 ]an C2n — (_1)n+ly O7 C2n — (_1)n+11/
3| L-1 0, otherwise L", otherwise

3. MOTIVES FOR THE FOURIER TRANSFORMS OF OUR ORBITAL INTEGRALS

In this section we use the notation of [CHO4], except that we denote points in
the Bruhat-Tits building by i (or j) rather than z (or y).
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TABLE 8. Virtual motives for the characters of w(1)g, 7(1)4 and
m(1)_ at Y, ,(u) for z € {sg, s}, sh}.

2 M M ML
Lr—1_1 " n
50 ) L L
s H‘]Ln: L neven 0, n even 0, n even
VLo podd | 2L+ 1)L, nodd | 4(L+1)L"', nodd
s L]I:l—_ ', meven 0, n even 0, n even
2| L1 odd | S+ D)LY, nodd | 2L+ 1LY nodd
TABLE 9. Virtual motives for the characters of 7(1)g, 7(1)+ and

m(1)— at Y, ,(u) for z € {t5, 1], 15,

5}

1),0 1),1 1),
2| M MY MY
/ L"—1 an C2n+2 =V 07 <2n+2 =V
bo| T 0, otherwise L™, otherwise
I I S 0, ¢n=-v
L L—1 0, otherwise L™, otherwise
t/ Lr_1 an <2n+2 — (71)n+1y 0, <2n+2 — (71)n+11/
2| L-1 0, otherwise L", otherwise
tl Ln_q Ln7 C2n+2 — (_1)77,1/ O7 C2n+2 — (_1)71,1/
3| L-1 0, otherwise L", otherwise
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3.1. The Fourier transform of good orbital integrals. For any rational num-
ber s, let g; denote the union of the spaces g; s as ¢ ranges over all points in

the extended Bruhat-Tits building I(G,K) for G (see [MP94] for the definition of

0is). Let H(g) denote the Hecke algebra of locally constant, compactly supported
functions f : g — Q. For any pair of rational numbers s < r, let H(g); denote

the Qg-vector space of elements of H(g) such that f is supported by g, and f is
supported by g_,. (Recall that the Fourier transform is taken with respect to an
additive character of K with conductor Og.) Then the Fourier transform defines
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an isomorphism of Qg-vector spaces

H(g), — H(g)_,

fo=
We will write H(g)” for the union of the spaces H(g).
the union of the spaces H(g). with s <r.

For any ¢ : g, — Qy, we write ;. for the element of H(g)!. such that ¢; ,(Y) =
(popir)Y)IfY €g,;, and ¢; -(Y) = 0 otherwise. As explained in [CH04, §1], on
the level of reductive quotients we have another Fourier transform taking functions
on g;, to functions on g; . With respect to these definitions we have

with s < r, and H(g), for

(3.1) Pir = vol(@i,r)Pi,—r
where vol refers to the measure on g. The reader is referred to [CHO4, §1] for

elaboration and proofs.

Proposition 3.1. Suppose X is a regular, elliptic, good element of g(K). Let i be
the point corresponding to the centraliser of X in G and let r be the depth of X.
Let X denote the image of X under Pir t Gir — Gir and let ¢ : gir — Q denote
the characteristic functzon of the G;-orbit of X € g, divided by the cardinality of
that orbit. If f € H(g)™ " then

(3.2) o(X, f) = //f (Ad(g)Y) @i (Y) dY dg.

Proof. Suppose f € H(g)"". Then f € H(g)_, for some some —r < —s. Thus,

fe H(g):, so fe H(g),. Now, by [CHO04, Prop 1.22] and elementary properties of
the Fourier transform,

<f>c(X )
¢a(X, f)

(3.3) = vol(g;.) F(Ad(9)Y)pir(Y)dY dg

G
= vol(gi,r) /
G

Y)pir(Y)dY dg.

"3\ e~

y [CHO4, Prop 1.13],
@;(Y) = VOI(gin')@i,—r(Y)a
S0

(3.4) ba(X,f) = / / F(Ad()Y):_, (V) dY dg,
G g

as claimed. O

Remark 3.2. We will sometimes write 5 (resp. ¢x) for the function ¢ (resp. @)
appearing in Proposition 3.1 above; in that case, ¢;, becomes (px ), and ¢; _,
becomes (Px )i, —r
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3.2. Application to our orbital integrals. In order to apply [CHO04, Prop 1.22]
to the Lie algebra g and the orbital integrals appearing in Theorem 1.6, we must
find the function ($x, )i, for each X, appearing in Theorem 1.6, where i. is the
point in the Bruhat-Tits building for X, and r, is the depth of X, in g.

3.2.1. Case: z = s1. Recall that
X, (v):= [ 0 u} .

—eu 0

The point s, is the standard vertex of the Bruhat-Tits building for G and the
depth rg, of X, (v) is 0; in other words, i, = (0) and r5, = 0. Thus,

z oz
Gis, e, = 8(0)n = { [y z} |z,y,2 € O]K}~

The reduction map p;, ., 1s given by

== AR
Yy —z T
where z, y and z denote the image of z, y and z respectively under Ox — F,. Let

X, (v) denote the image of X, (v) under p;, . . The G;_ (Fy)-orbit of X, (v) in

gisl sTsy 18

—Zz

{B v ] € SZ(Q,IFQ)’xy+22 = 5_172},

which has cardinality ¢(¢ — 1). Thus, Y, (v) : i, ., — Q¢ is given by

1 2 =2
z T a1 LY T rT =&
35 _ — J alg-1)
(3.5) PXi () (L/ —z]) {() otherwise.

In order to find the (relative) Fourier transform of this function in the sense
of [CHO4] we observe that the Killing form (X,Y):=trace (XY) gives a pairing
between lattices

Yisyorsy X Gisymrsy Ox

(AN I

which in turn gives a bilinear form g;, »,, X @i, ,—r,, — Fq. The relative Fourier
transform is taken with respect to this form. The image of the set of topologically
nilpotent elements in Gi,,—r under Pis, is the cone

s1

{Lf _ac} € sl(2,F,)|ab+ ¢ _0}.

In Section 3.4 we will see that, if ab + ¢? = 0 then

39 ar(f; ))=a-aeew(fs 1))

where Qr is given in equation (1.6). This completes our description of the relevant
properties of ¢ X., (v)"

;= Tsy
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3.2.2. Case: z = sg. Since this case is very similar to the case above, we only
summarize the results here. Recall (from Section 1.4) that

S 0 uw
Xsy (v) = [—5uw1 0 ] ’

The point i, is the vertex (1) of the Bruhat-Tits building for G (see Section 1.3)
and the depth r,, of X,,(v) is 0. Thus,

. . z itov) o
Yioyre, = 8(1),0 = yo ! 2 |z,y,2€ Ok ¢ .

The reduction map p;_, ., is given by

z meZ x
yw b —z y —zZ|

The function SOE Biy,rsy — Qy is exactly as in the preceding case, so

(37) ar([; ))=a-oeew (| 2])

as above. This completes our description of the relevant properties of o (,)-

Tsy

3.2.3. Case: z € {to,t1,t2,t3}. Then the point 7. is (01) and the depth r, is 3.
Thus,

zZ T
Biors =800 =\ |y —zo| | DU 2 €Ok

Thus, g;. . = A%(F,) and the reduction map p;_ .. : gi. . — A?(F,) is given by

[zw * | e @a.

Yyw —Zw

The reduction map on G;, — GL(1,F,) is given by

a b] Lz
we  d] a-

Thus, the action of G;_ on ;. ,. corresponds to the action of GL(1,F,) on A%(F,)
given by t - (z,y) := (t?x,t~2y). It follows immediately from the definitions above
that

2

2 xy = —0% A sgn(z) = sgn(v)

%@,O(u)(%y) =

O

otherwise

=

ry = —02 A sgn(x) = sgn(ev)

|
A

%Ztl(v)(x» y) =

O

otherwise

Yy = —&0° A sgn(z) = sgn(v)

|
—

@th(v)(x, y) =

O

otherwise

=

zy = —£0% A sgn(z) = sgn(ev)

|
—

QDXtB('U)(z’y) =

—N —
=

O

otherwise.
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3.3. Two functions on A?(F,). In this section we introduce two functions that
play a crucial role in our proof of Theorem 1.6. Using notation from the preceding
Subsection, define

P0) =¥x,, — Px, T Px, — Px,

(3.8)
Y1) i=Px,, —Px, —Px, TPx,-

To find the Fourier transform of these functions (in the sense of [CHO04]), observe
that the Killing form (X,Y) :=trace (XY) gives a pairing between lattices

i, X Gin—r, — Ok

2w x c aw™!
yow —zw|’ b —c —  xb+ ya+ 2wzc,

which in turn gives the bilinear form

gizﬂ’z X ﬁiz,—rz — ]Fq
((xay)7(a‘ab)) — JJb—!—ya

The relative Fourier transform is taken with respect to this form. The image of
the set of topologically nilpotent elements in g;, —,, under p;,  _,, is the normal
crossing

{(a,b) € A*(F,)|ab=0}.
In Section 3.4 we will see that
$@0)(a,0) =0

Py (0.0) = Jacoan(t)
(3.9) ¢

R 4
®y(a,0) = ﬁ\/@CgSgn(a)
@(1)(0, b) =0.

3.4. Some finite field calculations. In this section we defend equations (3.6),
(3.7) and (3.9).

Recall the definition of the function y1 : A%(F,) — Q, from equation (1.2).
Recall also that we equip A%(F,) with the bilinear form {(z,v), (a,b)) = zb+ya, as
explained in Section 3.2. Finally, recall the definition of 9 _(, for z € {to,t1,%2,3}.
Then

@)_(,,O(v)(chb) = Z &((l‘ﬁy)v (aa b)> wfto(v)(l‘?y)

(w,y)€A?(Fy)

- Y i)
e otn(o)
= 2 S ah)i(—*a ),

-1
q sgn(z)=sgn(v)
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Thus,
A P o,
PXey(v) (a,0) = ﬁ Z $(0)y(—v*z " a)
sgn(z)=sgn(v)
2 _
= o1 Z Y(ta)
sgn(t)=sgn(—v)
2
= ﬁ%gn(—u) (a),
and
A 2 o
25,00 = 5 S (ab)d(0)
sgn(z)=sgn(v)
2
= q— 1 ’ysgn(v) (b)
Similar arguments show that
. 2
90)_(“ (v) (Cl, 0) = q—1 Vsgn(—ewv) (CL)
. 2
@th (v) (07 b) = q— 1’>/sgn(5'u) (b)
and
. 2
SDX'Q (v) (av 0) = q— 1’7/sgn(—51)) (a‘)
. 2
50)2}2 (v) (07 b) = q— 1’75gn(v) (b)
and
R 2
(p)?ts(v) (CL,O) = q— 1’ngn(7v)(a)
. 2
90)7(%(11) (07 b) = q— 175gn(€v) (b)
Thus,

(Sb)?t,o (v) — @X}l (v) + @XQ (v) — (ﬁXtS (U)) (a’7 0)

2
- qj (ngn(—v) — Vsgn(—ev) + Vsgn(—ev) — '_Ysgn(—v)) (a)
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and

(Sb)?to(v) — 0%, () T PRy (0) 95)213@)) (0,0)

2

= q-— 1 (F)/sgn(v) - ngn(av) + 7sgn(v) - ’Ysgn(sv)) (b)
4

= qj('}/sgn(v) - ’Ysgn(ev))(b)
4

= sm(0)sER()

4
= = 1sgn(v)\/§§sgn(b).
Letting v = 1 we recover the first two parts of equation (3.9). Likewise,
<¢)_(,,0 (v) — ¢Xt1 (v) — ¢X’t2 (v) + L)b)_(t?, (v)) (av 0)

2
= qj (PYsgn(—v) — Vsgn(—ev) — Vsgn(—ev) + ’Ysgn(—v)) (a)
4

= m(%gn(—v) - stgn(—ev))(a)

= —se(-v)sE(a)

= p i 1sgn(v)\/§CSSgn(a),

and
(SZ’X,,O(U) — 0%, () T PRy () T @Xt3(v)) (0,b)

2
= qj (ngn(v) — Vsgn(ev) — Vsgn(v) + 7sgn(5v)) (b)
= 0.

Letting v = 1 we recover the last two parts of equation (3.9).

Equation (3.6) (and therefore equation (3.7) also) is exactly Springer’s Hypothe-
sis in our context. In fact, it is quite easy to verify this equality by direct calculation
of the relevant Fourier transforms, but since this paper is already long, we omit the
details.

3.5. Motives for the Fourier transforms of orbital integrals. As we see
from Section 3.2, for our purposes, there are exactly three important points in the
Bruhat-Tits building: (0), (01) and (1). For the remainder of this section, the
symbol ¢ is reserved for the vertices (0) and (1) while j = (01).

Let f be a test function supported on the topologically nilpotent elements in
a(K). All we need to know in order to find ®(X., f) is the values of the corre-
sponding function ¢x_ on the corresponding reductive quotient, and the informa-
tion about the projections of the elements of the form h~'Yh for the elements Y
in the support of f.

Recall the notation by, ,, = {Y. »(u) |u € Of} C g, and fz,n,i = exp* f n,+ (the
characteristic function of the set Ghz%i, where G acts by adjoint action).
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Proposition 3.3. Suppose z € {sh, s}, sh, ty, th,th,ts}. Let f., 1 be the charac-
teristic function of the set Gl)zmi and let ug, u; and u. denote the nilpotent orbits
in sl(2,F,) corresponding to the unipotent conjugacy classes Uy, U1 and U, respec-
tively. Let k be an arbitrary linear combination of the functions Qr and Qg viewed
as functions on sl(2,F,) (see Section 3.4 for their definition). Then

/ / Fomi(gY g Yrio(Y)dYdg
GJg

= Ky, TrFmszi?%i + Ky, TrFmbM;’,:L’i + Klu, TrFrobM"S

z,n,t>

(3.10)

where M;';?%i, M;}li and M;Zi are defined in Tables 6 and 7 in the case i = (0)

and Tables 8 and 9 in the case i = (1).

Proof. This Proposition essentially follows from Proposition 2.5. We have

/ / Fome(gY g rso(Y)dYdg
GJg

- / / Foms (V)ao(g~ Y g)dY dg
GJg

= / / (Kio 0 exp®) (g~ " vg)dvdy.
G GFz,n,i

Note that in the above integral, the function &; o o exp* is evaluated only at topo-
logically unipotent elements. The exponential map is measure-preserving on this
set, and that’s why the integral can be rewritten as a double integral over the group
G. This is exactly the expression that appears in the equation (2.1), and therefore
by Proposition 2.5 it has the required form. ([

Corollary 3.4. Suppose z € A{Sl,sg} and z' € {s{, s}, sh, 1, t},th,t5}. For each
n € N, the Fourier transform ®(X.,) of the orbital integral at X, is constant on
the set “byr .+, and

&)(Xm fz’,nti)
= x| TrF?”obM;;On’i + @x. I TrFrobM;;Tn’i + 0%, lu. TrFrobM:°

s z'\n,t
where i = (0) if z = s1 and i = (1) if z = s9. See Remark 3.2 for the definition of
X,

Proof. From the Section 3.2, we see that our elements X, correspond to vertices 4

in the building, and their depth is » = 0. First, recall that by Proposition 3.1, we
have

@(Xzafz/,n,:t):‘/G/fz’,n,:t(gy.gil)(sa)zz)i,O(Y)‘
g

Now we can plug in Kk = ¢g_ in the Proposition 3.3. By Springer hypothesis
(see Section 3.4), the function ¢ restricted to the set of nilpotent elements is a
constant multiple of the Green’s polynomial Q7 (thought of as a function on the
Lie algebra), so the assumptions of the Proposition are satisfied. ([l

Let us now consider the elements X, of the ramified elliptic tori, that is, z = tq,

t1, ta or t3. Then (see Section 3.2), j = (01) and r = %, and §;,—.(F,) = A%(F,);
in the rest of this section we write j for (01) and r for 2. The image of the set

of topologically nilpotent elements in g; 1/, under p; _, is contained in {(z,y) €
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A%(F,) |zy = 0}. This set is the union of the following five orbits of the action of
GL(1,F,) on A%(F,):

V0:={(0,0)}
(3.11) Vit .={(0,2) | sgn(x) = 1} Vb :={(0,7) | sgn(z) = —1}
VA= {(2,0) | sgn(z) = 1} V3~ :={(2,0) | sgn(zx) = —1}

Proposition 3.5. Let k be a GL(1)-invariant function defined on A%*(F,) with
respect to the action defined in Section 3.4. Then, for each z € {s, sh,t(, t},th,t5},
each v = =+, and each non-negative integer n in the case z € {t{),t’l,té,tg,}, and
each positive integer n in the case z € {s},sh}, there exist virtual Chow motives
N2 NEE, and NZEE,, such that

z,n,v’

/ / Fonn(Ad(g)Y )15, (Y) Y dg
G(K

= &ly, TTFrobNgnu + Z Klv1.e TrFrobNZ 5, + Z klv2.o TrFrobNZ
a==+ =+

Moreover, N?,, , and ./\/'zlfltl, and fo,/ are rational functions of L. The virtual

Chow motives NVE, and N2=, are given in Tables 10 and 11.

z,n,v zZ,n,v

Proof. We rewrite the left-hand side as the sum over the nilpotent orbits in the
reductive quotient, as we did with the character in Section 2.1. In order to do
this, we make the following definition. Suppose V' is one of the GL(1,F,)-orbits in
A?%(F,) appearing in equation (3.11). Let n be an integer and recall that j denotes
the point (01) in the Bruhat-Tits building for G. For any regular topologically
nilpotent element Y of g, let N&A(Y) denote the number of Gj-cosets gG; inside
the double coset space G;\G/G; that satisfy the following condition:

9 'Ygeg,» A pi.(g'Yg eV

Instead of using the Cartan decomposition G = G;AG; as in Section 2.1 we
exploit the Gj-invariance of this function, and do the manipulations similar to
Section 2.1. The reason we have to do this is that the function x;_, is not Gj;-
invariant; it is, however, G;-invariant.

Let A be the set of diagonal matrices of the form diag(w*, @) where A is an
arbitrary integer. Then G has the decomposition G = GiAGj (note the difference
with Cartan decomposition where A is non-negative). Using the G;-invariance of
the function s _,, we obtain, for an arbitrary test function f:

/G /g F(V)rs, (g7 Y g) dY dg

(3.12) = /G o /G j /g fY)kj—r(y 'h™ 'Y hy) dY dy dh
=m(G;) Y > /f(Y)njﬂ(h*Yh) dy.

aEGi\G/G_j hGGiaGJ‘/G]‘

Note that the summation index in the outside sum in fact runs over Z. As with the
case of the character, the sum in fact contains only finitely many nonzero terms,
since at the moment we are considering only the elliptic elements Y.
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The rest of the argument follows the pattern of the proof of Proposition 2.5,
taking equation (3.12) as the starting point. It also proceeds case-by-case. Here we
carry out the proof for the test functions f. , + with z = s} and z = t}. The other
cases are very similar; the results of these calculations are recorded in Tables 10
and 11.

As in Section 2.1, we can continue the chain of equalities (3.12) by writing the
integral inside the sum as a sum over G L1 (FF,)-orbits:

m(G;) > > /fzni )ij—r(RYYR)dY

a€G;\G/G; heGiaG; /G,

> va/ NyA(Y)dY

a€G\G/G; V Ghzn, &

:ZH\V Z/ Ny A(Y)dY.

Ghzin,+

Note that since there are, in fact, only finitely many non-zero terms, the permu-
tation of the two sums is valid.

Now it remains to “calculate” the numbers Ny »(Y), i.e., to express them in
terms of motivic volumes of some definable sets. This is done by brute force, in
a manner similar to the calculation of the character. Our calculation will make it
transparent that these numbers are constant on each of the sets Ghz,n,i-

We will need the formula for the number of Gj-cosets inside each double coset
GiaxG; (A € Z): the cardinality #G,a,G;/G; equals ¢**~1 if A > 0, and ¢!
if A\ < 0, as can be shown using the affine Bruhat decomposition for G (see
[BT96], for example). Recall that with the notation of Section 1.7.2, we can write
[GiaxGj/G;] = L?*~! when X is a positive integer, [G;a)G;/G;] = L™ when
A<0.

Let hay be a representative of a coset G;a G;/G;; write h = [‘C’ Z] € G;.

A statement completely analogous to Lemma 2.2 relates the numbers Ny ) to
the motivic volumes of the sets {h | p; (a5 'h™'Y, ,(u)hay) = (z,0)}, and {h |
pj—r(ay'h=1Y, ,(u)hay) = (0,z)}, with o square or non-square, respectively (of
course, we also need to show that these four sets are definable). Then to obtain the
virtual motives N7 f,,, and N2, niy, we need to sum these motivic volumes over all
values of A.

The following is the list of possibilities for the element p; _(ay'h~1Y, ,(u)hay)
of A%(F,) in the two cases z =t and z = s}:

Case: z = th. The conditions on a,b,c,d and A for ay'h~'Y, ,,(u)hay to be in
Gj,—r are:

—2) + ord(d*uw™ — b*euw" ) > —1,and

3.13
(8.13) 2) + ord(—cfuw™ + a*euww™tt) > 0.

Applying the reduction map p; _, to a;\lhlezyn(u)haA , we see that there are a
few possibilities:

1. n is even: Recall the notation v = sgn(u).
(a) If —n/2 < X\ < n/2, then p;_.(ay A=Y, ,(u)hay) = (0,0).
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(b) Suppose A =n/2+ 1. If ord(d) > 0 then
pj—r(ax Th™1Y o (u)hay) = (2,0)
with sgn(z) = sgn(—eu) = —sgn(—u) = —(2sgn(u); on the other hand,
if ord(d) = 0, we have a;lh_le,n(u)ha,\ ¢ Gj_p.
(¢) Suppose A = —n/2. If ord(c) > 0 then
pi—r(ax B 1Y, (u)hay) = (0,0);
on the other hand, if ord(c) = 0 then
Pj, —r(axlh 'Y, n(whay) = (0,y),

with sgn(y) = sgn(—u) = (?v.
The case (b) allows us to calculate the virtual motives responsible for the
two orbits of the form (z,0): the virtual Chow motive /\ftl,z ,, corresponding
27t

to the orbit of (1,0) equals 0 if (?v = 1, and equals ZEgJ; (Giaz1Gj/G;] =

oLt if (Pv = —1. For the orbit of (¢,0), the answer is the reverse:
j,W equals 0 if ¢*v = —1, and equals L™+ if ¢2v = 1.
From the case (¢), we get the motives corresponding to the other two
. 2, Gi)—1(Gy .
orbits: ]\/téjw = %[G a-nGj/Gjl = ]th[ﬂ if (*v=1,and 0 if
¢?v = —1, and for ./\/'t,2 ., these answers are reversed.
2. n is odd:

(a) If —(n+1)/2 < A < (n+1)/2, then p; _.(ay ‘A=Y, ,,(u)hay) = (0,0).
(b) If A= (n+1)/2, there are two possibilities: if ord(d) = 0 then we have
pi—r(ay ' h Yz n(whay) = (x,0)
with sgn(x) = sgn(u); on the other hand, if ord(d) > 0 then
pj—r(ay ' h1Y, n(u)hay) = (0,0).
(c) Suppose A = —(n + 1)/2. If ord(c) = 0, we have a} 'h™'Y, ,(u)hay ¢
G _r; if ord(c) > 0 then
pj’,r(aglh_le_’n(u)haA) = (0,9),
with sgn(y) = —sgn(u).
As before, from the calculations in the subcase (b), we see that the virtual
Chow motive M’ n,, that corresponds to the orbit of (1,0) equals 0 if
(G~ (G _
v = —1, and equals %[Gia%ﬁ—l(;j/c;j] = JL+1
if v = 1. For the orbit of (,0), the answer is the reverse. The subcase
(c) yields ./\/f,;:w = ”(G SGia_nn G;/G] = oLt if v = —1, and 0 if
v=1.

n+l1—1 __ 1 n
Tl - ]L+1]L

Case: z = . In this case, the conditions (3.13) are replaced with:
(3.14) —2X + ord(d*w™ — b*cuw™) > —1,and
. 2X + ord(—c*uw" + a’cuw™) > 0.

1. Suppose n is even. Then we obtain:
(a) If —n/2 < XA <n/2 then

pj,_T(aglh_li/;n(u)ha,\) =(0,0).
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(b) If A = —n/2 then
pj,—r(ay 'h=1Y, n(u)hay) = (0,y)

with sgn(y) = sgn(u)sgn(ac(—c? + a’¢)).
We see that N, :,*i are both zero when n is even, for any value of v. In
1

s,V

order to find Nf,l’i)y, we need to calculate the ratio of the volume of the
subset of G; defined by the formula "An # 0, ac(—c? + a%¢) = 7%’ to the total
volume of G(gy. Note that —c® + a’e = —(¢* — a®¢). (This formula should
be understood as an abbreviaton. We should first consider the formula
with an extra free variable &: "fin # 0, ac(—c? + a6) = 7%, do the motivic
calculation, then plug in our value of . This is exactly what was done in
Lemma 2.3, so we do not need to repeat this argument.) By Lemma 2.3,
the expression c? — a2¢ is a square of a nonzero element for exactly half of
the elements of G;. Then this ratio is 1/2. Therefore, in the both cases
v =1 and v = —1, the answer is the same:

1 1 1
N = §[Gian/2Gj/Gj] = §L2|_n/2| = §Ln~

’
s,m,v

2. Suppose n is odd. In this case, we have
(a) f —(n+1)/2< A< (n+1)/2 then

pj—12(ay " h™'Y, o (w)hay) = (0,0).

(b) If A = —(n+1)/2 then the element ay 'h~1Y; ,,(u)hay is not in G, for
any h.
(¢) f A= (n+1)/2 then

pj7_T(a;1h_1Yz,n(u)ha,\) = (z,0),

with sgn(z) = sgn(u)sgn(ac(d? — £b?)).
Similarly to the previous case, we get: N7% = 0; NLE = 11" (again
1 k) 2%y

using lemma 2.3 to show that the volume of the subset of G; defined by the
formula 'fn # 0, ac(d? — b%e) = n?’ equals half of the volume of G;.

The calculation in the case z = s, follows the pattern of the case z = s, except
there are the same additional complications as we saw in the case of the character.
Not surprisingly, the answer is still the same as in the case of s; except the roles
of the cases n even and n odd are switched. The results of similar calculations for
the remaining ramified cases are summarized in Tables 10 and 11.

The virtual Chow motives N’ 2,111, can be computed following arguments as above.
However, since they do not appear in any of our further calculations (all the func-
tions k we are be interested in vanish at the origin), we omit this calculation. O

Corollary 3.6. Let by, be ramified elliptic (so z € {to,t1,t2,t3}). For each n € N,
the Fourier transform @G(Xz,) of the orbital integral at X, is constant on the set
Chorny forv =%, 2/ € {s),sh,t}, ), th,th} and a positive (resp., non-negative, if
2" e {tith, th,t5} ) integer n, and we have

(i)(sz fz’,n,l/)
= ¢x. |v, TrFrobN?. ,, , + Z bx. |y T%Frob]\/j,’?w + Z bx.|vaw TrFrobN
a=% a=%

7”7”’
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Proof. From the Section 3.2, we see that our elements X, correspond to the point
j = (01) in the building, and their depth is » = 1/2. First, recall that by Proposi-
tion 3.1, we have

‘I)(szfz’,n,i):/G/fz’,n,i(ngil)(‘ﬁXz)j,—r(Y)'
g

Note that the support of the functions fz,n,i for all z and all n > 0 is contained in
bj,—r, so the Proposition 3.1 is applicable. Now it remains to plug in the function
k = $x., which is now a GL(1,F,)-invariant function on A?(F,) in the Proposi-
tion 3.5 to complete the proof. ([l

TABLE 10. The virtual motives for the Fourier transform of orbital
integrals at elements Y, ,,(u), for z € {s}, s5}. Here v = sgn(u).

1,+ 2,+
z Nz,n,l/ Nz,n,u
1 24 _ 2, _
/ Nzllr—:_u = Nzltn_l/ - iLn n odd Nz,n,l/ N 0 n odd
sh 51, 512, 1
_ 2,4+ _ 2,— _ n
b= MB=0  neven | AZi= A =3l" nen
1,+ 1,—
. Nz,n,u = N =0 n odd N'z2,7-l‘,-y _ NZ27TL—V — L n odd
sh 1 R s
1,+ _ 1,— __ n _
NIt = N, =gL" meven| AZd — AZo =0 neven

4. MOTIVIC PROOF OF THE CHARACTER FORMULA

Now we are ready to prove Theorem 1.6, and to calculate the coefficients that ap-
pear in Table 4 in the process. Recall that Elliptic Character Formula is an equality
of two distributions on the topologically nilpotent regular set in the Lie algebra.
These distributions are represented by locally integrable functions, which are con-
stant on the sets Ghz,n,i, see Proposition 2.5, Corollary 3.4 and Corollary 3.6. We
prove the Elliptic Character Formula by checking the equality on each of these sets.

Let m be a representation as in Section 1.1. We start with the case when 7 is
obtained from a Deligne-Lusztig representation, where the proof is straightforward,
and requires no consideration of separate cases. If 7 is of the type 7 (i) with ¢ = (0)
or ¢ = (1), then by Proposition 2.5, we have, for each 2’ € {sy, s}, 5, t(, 1, th, t5}

1

iU
mgﬂ(i)e (fermp) =— EU: Qr|vTrFrobM", .

On the other hand, for z = s; or sy, by Corollary 3.4,

Do (X, farps) = Zgo)gz TrFrosz’,yUn’i7
U
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TABLE 11. The virtual motives for the Fourier transform of orbital

integrals at elements Y, ,(u), for z € {t;, ], 5,

(% =sgn(—1) and v = sgn(u).)

/ /

%}, (Recall that

z NEE, NZE,
1 n+1 ) ) n+1 )
Nz,’,tl, L1 and N, =0, Nz}tu =L31 and N7, , =0
. lf <2n+2 v lf C2n+2 -
tO - L ]Ln-i-l ) ) L"+1
Nog,=0 and N, = Lri NZ”,':V =0 and N, , = L1l
otherwise otherwise
L ]Ln+1 . ot Ln+1 o
Nz,)n,u = L +1 and Nz,’n,y = Oa Nz,’n,u = L +1 and Nz;n,y = 07
, | if ¢t = _y if (22 = —p
h 1,4+ 1 I 2,+ 2 Lot
Nog,=0 and N, = Lri NZF,=0 and N7, = Lol
otherwise otherwise
L ]Ln+1 1 ot Ln+1 )
Nz,)n,u = L+1 and Nz,’n,u = Oa Nz,’n,u = L +1 and szn,y = 07
t/ lf <2n+2 — (_1)n+1y lf <2n+2 — (—l)nV
2 - 1 ]Ln-i-l ot 5 Ln+1
Nog,=0 and N, , = Lii NiF,=0 and N7, = LTl
otherwise otherwise
L ]Ln+1 1 ) ]Ln+1 )
Nz,’,tl, =L11 and N, , =0, ./\/z”nfy =L and N7, , =0,
t/ lf <2n+2 — (71)ny lf <2n+2 — (71)n+11/
’ 1,+ 1 Lt 2 2 Lt
Nog,=0 and N, = Lii ./\/'z;,j"l, =0 and N, , = LTl
otherwise otherwise

where ¢ = (0) if z = s1, and ¢ = (1) if 2 = s5. As shown in Sections 3.2.1 and 3.2.2,

Qr=(1-q)¢x,,

=(1-9¢x.,-
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It follows immediately that

1 3 (1 - Q)(i)G(Xsufz’ n u) if m= 77(0)«9
7671’ 2/ n,w © = ~ P
m(Ghz/,n,V) (f o eXp) {(1 - q)(I)G(XS27 fz’,n,l/) ifm= 71—(1)9

This proves the theorem in the case when 7w comes from a Deligne-Lusztig repre-
sentation.

Let us now turn to the non-Deligne-Lusztig case. Let m = 7(0)4 or m = w(1)4
(the other two cases can be obtained by changing the sign in front of Qg everywhere
below). Then

(4.1)

@W(fz/m’y o exp)
. 1 i
== Z QT(U)TrFrobM;}ZW ) Z QG(U>HFrObM;;€Jn,V‘
U

As we have seen in the equation (4.1), the first term (i.e. the part of the character
that comes from inflating @Qr) is a multiple of &)G(Xsla,fz/,n,u) in the case m =
7(0)4, and of ®¢(X.,, fo n.,) in the case 7 = 7(1);. The coefficient is % since
on the left Qr appears with the coefficient —%.

It remains to express the second term, f% du QG(U)TrFroszi;gW7 as a linear
combination of the Fourier transforms of orbital integrals. In order to do that,
recall the functions ¢y and ¢(;) defined Section 3.3. By Corollary 3.6, if 2’ is

elliptic, we have
Z ¢(0)|VL.<xTrFrobNi}?‘n’y
(43) 22
= (i)G(Xtov fz/,n,v) - (i)G(th ) fz',n,v) + (i)G(thvfz’,n,v) - (i)G(thv fz’,n,u)
and
@(1)|VZ,QT‘I'FI'ObNZl;(’1n}V

(]

(14) 22
= (i)G(Xtoa fz’,n,z/) - (i)G(thafz’,n,u) - i)G(XtQa fz’,n,u) + qA)G(tha fz’,n,u)-

Also, if 2’ = s, then, since the both functions ¢y and ¢y vanish at the origin
and take the opposite values on the orbits V*, V1~ and V21, V2™, it is easy to
see in a way that mimics the proof of Proposition 2.5 in the case z = s{), that the
right-hand side of equation (4.3) and (4.4) vanishes on b, ,, for n > 0.

We claim that for any z and any positive (resp., non-negative) n,

1 iU R
(4.5) -5 > Qa(U)TiFrobML" , =c LZ:Q @ilvia TrFrobNLS
v it
with some constant ¢ that we will calculate below (we will see that ¢ = 7‘128—;1).

Note that the left-hand side depends on the choice of the vertex i. On the right,
it is the constant ¢ and the function ¢; that depend on i. This equation could be
called the motivic version of our character formula. It is the core of the proof —
here we are comparing the inflation of two functions that live on different reductive
quotients. Note that once we prove this claim, Theorem 1.6 will follow immediately.
On the other hand, the proof of the claim is automatic: all we need to do is plug in
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the values of the functions ¢; from Section 3.3, the values of Q¢ from Section 1.3,
and the motivic coefficients from Tables 6 and 7 if ¢ = (0) and Tables 8 and 9 if
i = (1) on the left, and from Tables 10 and 11 on the right.

The equality (4.5) has to be checked on each of the sets § ., (recall that v = +).

Observe that the function (g vanishes at V1% and the function $(1) vanishes
at V>%, so that the right-hand side in any case has only two nonzero terms. On
the left, since Q¢ vanishes at the identity, there are also only two nonzero terms.

For z = s, the equality we want to prove is trivial, since the both sides vanish, as
discussed above. For z = s} and z = s}, the equality also turns out to be trivial. On
the right, the two nonzero opposite values of the function ¢y or ¢(;) appear with
the same coefficient, so the right-hand side equals zero. On the left, the function
Q¢ takes opposite values on U; and U,, and they also appear on the left-hand side
with equal coefficients, so the left-hand side of equation (4.5) is also zero. This,
however, gives no information of the constant c.

For z € {t(,t),t5,t5}, we see from Tables 10 and 11 that only one of the nonzero
values of ¢; appears with a nonzero coefficient, and we see from Tables 6, 7, 8
and 9 that also only one nonzero term appears on the left. The left-hand side of
equation (4.5) equals —1,/g¢*¢"SIGN;, where SIGN; = 1 if the coefficient MED,
is nonzero, and SIGN; = —1 if Méjgjl, is nonzero.

The right-hand side equals:

n+1

{cqfl\/agqq - SIGN, if i = (0),

1+1

e VAT SIGN,  if i = (1),

where SIGN; is the sign that depends on which one of the virtual Chow motives

N1L2% s nonzero. Let ¢ = 7‘128—;1, which is the constant that appears in Table 4.

Then, to finish the proof of the theorem it remains to show that on every set b, ,, .,
with z € {t{,...,t5}, we have the identity SIGN; = (2SIGNj in the case i = (0),
and SIGN; = SIGN; in the case i = (1). Here is the comparison of the two SIGNs

in the case i = (0):

z=1ty: SIGN; = (%" SIGN, = ¢2(n+D),
z=ty:  SIGNy = —uw(*" SIGN, = —p¢2(n+1),
z=1ty: SIGN; = I/CQn(—l)n SIGN, = Z/CQ(H+1)(—1)TL.

z=t3:  SIGN; = u¢(*(—1)"*1  SIGN, = p¢2HD (1)L,

We see that in all cases SIGN; = (?SIGN,, which completes the proof in the case
1= (0).

The case i = (1) is identical, except we need to use Tables 8 and 9 instead of
Tables 6 and 7 to calculate SIGN7, and the first column of Tables 10 and 11 instead
of the second column, to calculate SIGNs.

5. FINAL COMMENTS

Let us return to the choices we made in order to state Theorem 1.6. We began
with an odd prime p, a p-adic field K, a prime ¢ different from p (e.g.,¢ = 2), and
an algebraic closure Q; of Q; in the pre-amble to Section 1.

Reluctantly, in Section 1.1, we fixed a uniformizer w for K, in order to be precise
about our depth zero representations.
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Next, in Section 1.2 we fixed an additive character 1 : F, — Q; and a square
root ,/q of g in Qq. These choices (via Gauss sums) determined a fourth-root of
unity ¢ € Qg such that ¢? = sgn(—1) (see Remark 1.2). This, in turn, determined
how we labelled the two representations oy and o_ in the Lusztig series for (7', 6p)
and therefore our definition of Q¢ (see Section 1.3), and therefore our definition of
m(0)4, m(0)—, m(1); and 7(1)_ (see Remark 1.3).

Independently, we fixed cocycles {s1, 52,0, t1,t2,t3} in Z1(K, N) such that their
cohomology classes lay in the kernel of the map H'(K,N) — H'(K,G) induced
by inclusion N — G. This choice determined a non-square unit ¢ in Ok (see
Remark 1.5). We remind the reader that the cohomology class for ¢y equal the
cohomology class for ¢; and the cohomology class for ¢5 equal the cohomology class
for t3 if sgn(—1) = —1.

Finally, for each z € {s1, s9, to, t1,t2,t3} we chose an element X, € g with depth
zero in its Cartan subalgebra; they are listed in Table 3. This last step amounted
to the choice of a unit v in Ok (see Section 1.8).

With all these choices we made, the values of the coefficients ¢, () in our Elliptic
Character Formula are presented in Table 4. (Also, the Fourier transform of the
orbital integral ®4(X,, —) is taken with respect to an additive character ¢ : K —
Q¢ with conductor O such that the induced additive character of F, is . Also,
we must use compatible Killing forms, and the correct measures everywhere, as we
did.) From Table 4 we see that the coefficients c, () are all rational. Further, they
are rational functions of ¢, given correctly for all primes except p = 2.

It is reasonable to ask if these properties continue to hold had we made different
choices above. In particular, we wish to say a few words about how the Elliptic
Character Formula changes if the definition of the X s were modified. Since we have
gathered complete information about the Fourier transforms of all regular elliptic
orbital integrals ®¢(X, —) (when X has depth zero in its Cartan subalgebra)
evaluated at topologically nilpotent elements Y, we can explore the dependence of
the coefficients in the Elliptic Character Formula of the orbits we chose. (Of course,
each X, can be replaced by any element in the same adjoint orbit as X, since the
distributions ¢ (X, —) and O, are invariant under the group action. )

To begin, consider the local constancy of X — @G(X, f) for a fixed Schwartz
function f supported by topologically nilpotent elements. Using equations (3.6)
and (2.1) we see that

(5.1) /G / FAA(@)Y) (Qr)0)0(Y) dY dg = (1 — 0)da(Xa, (v). F).

Moreover, since Qr (see Section 1.3) does not depend on v € Of it follows that
O (X, (v), f) is independent of v; thus, for any f as above,

(52) | #a(X.().0)dv = (a - Dda(X.,, )
Oz
where the Haar measure on Oy is chosen so that O has measure g — 1.

From our point of view, it would have been more natural to re-write equa-
tion (5.1) (and therefore the first line in Table 4) in the form

(53) Ocion () = [ Ba(Xes(0). ) o

K
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from which we see that our choice for v was completely unimportant here. (See
Sections 1.1 and 1.3 for the definition of 7(0)g.) Similarly, we can re-write the last
line of Table 4 in the form

(5.4) O 1)y (f) = / Ba(Xoy (), f) do.

*
OK

These expressions depend on our choice for the cocycles s; and s, only. Therefore,
once the cocycle s; is chosen, the element X, may be replaced by any element in
the Cartan uniquely dermined by the cocycle s; as long as that element has depth
zero in that Cartan; likewise, for the cocycle ss.

Regarding the totally ramified Cartan subgroups, things are a bit more subtle.
From Table 4 we see that if f is a Schwartz function supported by topologically
nilpotent elements, then

//fAd ) (Qa)on) 4 (V) dY dg

_ 7 - —1 ((I’G(Xtmf) —d(Xe,, f) + Pa(Xey, f) — ic(Xtyf)) ,

Invoking the local constancy of X +— e (X, f) we may re-write the equation above
in the form

7 [ a0y @)oo av dg

— / D (X, (v), f) dv — / (X, (v), f) dv

{sgn(v)=+1} {sgn(v)=+1}
4 / be(Xo(v), f) dv — / (X, (0)., f) do.
{sgn(v)=+1} {sgn(v)=+1}

Similar observations apply to representations induced from G(1). In this way we see
that only sgn(v) was important in our definition of the ramified orbits appearing
in Theorem 1.6. More precisely, once the cocycle ¢y is chosen, the element X;, may
be replaced by X, (v) as long as sgn(v) = 1; likewise for the cocycles t1, to and t3.
However, if sgn(v) = —1, then the function ¥ — &¢(X.(v),Y) is not equal to the
function Y — ®¢ (X, (v),Y) (these are functions on the set of regular topologically
nilpotent elements of g).

Having dealt with v we return to our choice of non-square unit €. From the local
constancy of the Fourier transform of the orbital integrals we have the following
immediate consequence. For any Schwartz function f supported by topologically
nilpotent elements of g,

(55) / (i)G([é(z),—u(l)]?f)dézQ;l‘i)G(thf)-

2
{sgn(d)=-1}

Similar observations hold for all our orbits. Consequently, and especially from the
point of view of motivic integration, we could have replaced each of our orbital
integral with an integral over v and ¢ (e is a particular value of §). In fact, that
is exactly what we did when we used motivic integration with parameters in Sec-
tion 2.3.2 and allowed the parameter to vary over the set of all non-squares in the
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residue field. The result is easily related back to orbital integrals appearing in
representation theory because of relations of the following form.

. —1)2.
50 [ [ e anavas = b (xi,, .
{sgn(d)=—1} {sgn(v)=+1}
Similar observations hold for all our orbits. Consequently, replacing orbital inte-
grals with these ‘smeared’ orbital integrals would have the effect of changing the
coefficients in the elliptic character expansion in very simple ways.

What is crucial in the elliptic character expansion is the pattern of the signs
appearing in front of the orbits indexed by the cocycles tg, t1, t2 and t3. However,
without careful choices for X, it is false that the coefficients of an elliptic character
expansion are rational functions in ¢. To illustrate the point, suppose we replace our
X,s with the elements appearing in Table 12. Then the coefficients in the elliptic
character expansion involve sgn,(—1), as we see from Table 13, where we write ¢?
for sgn(—1), to save space. Observe that sgn(—1) cannot be expressed as a rational
function in ¢. The point we are making here is that, in this case, although ¢,/ () is
a rational number, it is not a rational function in q. However, since we have been
switching freely between polynomials in ¢ and virtual Chow motives, we can notice
that the coefficients c, (), as well as ¢,/ (7) can be interpreted as elements of the ring
Mot. Indeed, if we replace the polynomials in ¢ with the corresponding elements
of the ring Mot as we have been doing so far, we can see that the denominators
of c,(m) and ¢,/ () are invertible in the ring Mot. Nothing more is needed for the
coefficients c, (7). For ¢,/ (), we still need to find the motivic expression for ¢2.
This is easily done by considering the O-dimensional variety defined by the equation
22 = —1 (this variety appears for the same purpose in [Hb05]). Let S denote its class
in the ring Mot. Then ¢?> = —TrFrob(1 —S). As Table 13 shows, this expression
appears only when we study depth zero supercuspidal representations which are
not induced from Deligne-Lusztig representations.

TABLE 12. Elements X,/ not appearing in Theorem 1.6.

! / / / / !/ /
z s1 So to 2] to ts

6| lwemr o) [ 200 | [2

X || 1280 [ =T | 12 i)
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