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Let F' be a p-adic field and E a cyclic extension of F of
degree d corresponding to the character x of F*. For any
positive integer m, we consider H = GL(m, E) as a subgroup
of G = GL(md,F). In this paper we discuss matching of or-
bital integrals between H and . Specifically, ordinary orbital
integrals corresponding to regular semisimple elements of H
are matched with orbital integrals on G which are twisted
by the character k. For the general situation we only match
functions which are smooth and compactly supported on the
regular set. If the extension E/F is unramified, we are able
to match arbitrary smooth, compactly supported functions.

§1. Introduction.

Let F be a locally compact, non-discrete, nonarchimedean local field of char-
acteristic zero. Let « be a unitary character of F'* of order d, and let E be
the cyclic extension of F' corresponding to x. Let m and n be positive in-
tegers with n = md and write G = GL(n,F), H = GL(m,FE). H can
be identified with a subgroup of G. In this paper we discuss matching of
orbital integrals between H and G. Specifically, ordinary orbital integrals
corresponding to regular semisimple elements of H are matched with orbital
integrals on G which are twisted by the character x. For the general situ-
ation we only match functions which are smooth and compactly supported
on the regular set. If the extension E/F is unramified, we are able to match
arbitrary smooth, compactly supported functions.
Extend « to a character of G by x(g) = x(det g) and let

Go={9€G:x(g) =1}.

Gy is an open normal subgroup of G of finite index and H C Gy. Let
C* (@) denote the set of locally constant, compactly supported, complex-
valued functions on G. For any v € G we let G, denote the centralizer of
veG. If G, C Gy, let

AS(f,7) = / e yz)R(z)dz, f € C2(G),
G\G

409
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be the twisted orbital integral of f over the orbit of v. If G, ¢ G, set
AS(f,v) =0. Clearly for all z,v € G, f € C*(G),

A (f,zya7h) = K(2)AZ (£, 7).

Similarly we define

AP(f) = [ f@Tra)ds, f € CR(H), Y € B,
H

~

the ordinary orbital integral of f over the H-orbit of ~.

The main results of this paper are the following theorems. Let G’ denote
the set of regular semisimple elements of G and C°(G') the subset of all
f € C*(@) with support in G'.

Theorem 1.1.
(i) Let fg € C>*(G'). Then there is fg € C® (HNG") such that for all
ye HNG',
Af (far7) = A" (Fu,) -

(ii) Conversely, suppose fg € C® (H NG') such that
AH (fH,:nym_l) =K (LL') AH (fH)fY)

for all z € G,v € HNG' such that zyz~* € H. Then there is fg €
C (G') such that for ally € HNG',

Af (fGa'7) = A" (fH”Y)'

In the case that x is unramified, a stronger version of Theorem 1.1 can be
proven using results of [W2, Hn]. Let AZ be the transfer factor defined as
in [W2].

Theorem 1.2. Assume that k is unramified.
(i) Let fo € C*(G). Then there is fg € CX(H) such that for all v €
HnG,
AEMAS (far1) = AT (fu,) -

(i) Conversely, suppose fi € C*°(H) such that
AH (fH7$7$_1) = Ag (x’yx_l) Ag(7)~1“($)AH (fH:’Y)

for all z € G,y € HN G' such that zyz™* € H. Then there is fg €
C>(G) such that for ally € HNG',

AE(MAS (fa,7) = A (fu,7) -
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The matching theorems for twisted orbital integrals will be used in an-
other paper to prove character formulas relating twisted characters on G to
ordinary characters on H. These will generalize the lifting theorem proven
by Kazhdan [K] in the case that m = 1. It will be shown in that paper that

AZ (zyz™!) = AG (7)(z) ™}

for all z € Ng(H),7y € HNG'. Thus when z € Ng(H), the condition on fg
in Theorem 1.2, (ii), is just

AT (fu,zya™') = AT (fu,7)

for all y € HNG'. Since A¥ is an ordinary orbital integral, this is automatic
when z € H.

The proof of Theorem 1.1 is routine using an easy extension of results
in V] to the twisted case and techniques as in [A-C, 1.3]. The proof of
Theorem 1.2 uses the fundamental lemma proven by [W2, Hn]. Assume
that x is unramified. Let K = GL(n,R) where R is the ring of integers
of F and let H(G) denote the Hecke algebra of functions in C°(G) which
are K bi-invariant. Similarly, we define H(H), the Hecke algebra of H. Let
b: H(G) — H(H) be the homomorphism defined in [W2]. The following
theorem was proven by Waldspurger [W2] when the algebra F(y) is a prod-
uct of tamely ramified extensions of F' and was extended to the general case
(as well as to the case of characteristic F' not zero) by Henniart [Hn].

Theorem 1.3 (Waldspurger, Henniart). Let ¢ € H(G),y € HNG'. Then

AG(V)AE (4,7) = AT (bg, 7).

Theorem 1.2 follows from Theorem 1.3 as follows. First, using standard
techniques, it is enough to prove a matching of orbital integrals in a neighbor-
hood of each semisimple element s of H. Further, by passing to centralizers,
it is easy to reduce to the case that s = 1. The matching in a neighborhood
of s =1 is a result of the following theorems which show that all germs in a
neighborhood of the identity come from Hecke functions.

Theorem 1.4 [W1, Hr|. Let uy,...,u, be a complete set of representatives
for the unipotent conjugacy classes of H. Then there are ¢y, ..., ¢, € H(H)
such that

1, ifl<i=j<p;

H i ) —
A7 (Gouy) {0, if1<i#j<p.

Using the results of [V] we obtain the following corollary.
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Corollary 1.5. Let uy, ..., up, $1, ..., P, be as above. Let f € C*(H). Then
there is a neighborhood U of 1 in H so that for all v € U,

14

AH(.fa ’7) = ZAH (f, U‘i) AH (¢ia7) .

=1

Let u be a unipotent element of G. If G, ¢ Gy, then A9(f,u) = 0 for all
f € C*(G). It is easy to show that the unipotent conjugacy classes O(u)
of G for which G, C G, are in bijective correspondance with the unipotent
conjugacy classes of H.

Theorem 1.6 [Hr|. Let vy,...,v, be a complete set of representatives for
the unipotent conjugacy classes in G such that G,. C Gy. Then there are
Y1, .., Y € H(G) such that

1, fl1<i=j<p;
AS (povy) = TIST=IED
0, if1<i#j5<p.
An easy extension of germ expansions to the twisted case yields the fol-
lowing corollary.

Corollary 1.7. Let v, ...,vp,%1,...,%, be as above. Let f € CX(G). Then
there is a neighborhood U of 1 in G so that for all vy € U,

The organization of the paper is as follows.

In §2 we extend many of the results of Vignéras [V] to the case of twisted
orbital integrals.

In §3 we use the results of §2 to prove Theorems 1.1 and 1.2.

I would like to thank the Mathematics Departments of the University
of Toronto and the University of Wisconsin for their hospitality during the
preparation of this paper.

§2. Twisted Orbital Integrals.

Let G = GL(n,F) and let k be a unitary character of F'* of order d, d a
divisor of n. In this section we do not assume that s is unramified. We
extend x to a character of G by setting x(g9) = k(detg),g € G. Let Gy =
{9 € G : k(g) =1}. Then Gy is an open normal subgroup of finite index in
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G. For any z € G we let G, denote the centralizer of z € G. If G, C G,
we let

Mg = [ Fo'a) wlo)da. f € CF(C)a € G

be the twisted orbital integral of f over the orbit of z. If G, € Gq, we let
A.(f,z) =0 for all f € C>(G). (We assume measures are normalized as in
[V, 1.h].)

In this section we will extend results of Vignéras on orbital integrals to
the twisted case. For z € G, define the normalizing factor d(z) as in [V, 1.g].
We will also write

Fu(f,2) = d(@)A(f, ).

Let s be a semisimple element in G. Then as in [V, 1.j] we write A for the
set of all elements z of G with semisimple part (of the Jordan decomposition
of z) conjugate to s. Let A, = UO (su,),1 < i < m, be the standard
decomposition as in [V, 1.j] where O(z) denotes the G orbit of z € G. For
z € Gy we will write Oy(z) for the G, orbit of z.

Lemma 2.1. Fiz 1 < i < m and suppose that G, C Gy. Then there is
fi € C*(QG) such that

I, ZfZ =7
F (fi,su;) = e

0, ifi#7.
Proof. As in [V, 1.k], for each 1 <4 < m there is a compact open subset Kj;
in G so that su; € K;, and K; N O (su;) = 0,1 < j <i—1. Now suppose
that G,,, € Gy. Then

O (Sul) ~ Gsu,\G ~ Gsu,\GO X G[)\G ~ (90 (Sui) X GO\G

so that O (su,) is open and closed in O (su;). Thus there is K, C K,
compact open in G so that su; € K, K! N O (su,) C O (su,). Now if f
is the characteristic function of K|, then F, (f/, su;) # 0 because there can
be no cancellation in the integral, and F, (f/,su;) = 0,1 <j <4 —1. Now
using a standard Graham-Schmidt type procedure we can obtain f;’s as in
the lemma. U

Lemma 2.2. Let s € G be semisimple and suppose that f € C(G) satisfies
F.(f,z) =0 for all x € A;. Then there is a neighborhood V; of s in G such
that F.(f,z) =0 for all z € V;.

Proof. We follow the proof of [K, 3.8]. Let S = C (A4;). Since A, is G-

invariant, G acts on S by g f(z) = f (97 zg),9 € G,z € A,, f € S. Since
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A, is closed in G, restriction gives a mapping 7 : C°(G) — S. Let S’ be
the dual of S and let A = {)\ S )\(g-f) = k(g)A (f) NgeG,fe S}.
Then since G has only a finite number of orbits in A; we see that A is
generated by the A;,1 < i < m, where \;(n(f)) = Fy (f,su;). Let S, =
{ fes:a ( f) =0,V € A} Then S, is the set of all finite sums of functions

of the form g - f — x(g)f.

Now let f € C*(G) such that F,(f,su;) = 0,1 < ¢ < m. Then
f (f) € S, so there are gi,....9x € G, f1,...fx € S, such that f =
Zz: - fi — k(g:) fi- Let f; € C®(G) such that = (f;) = f;, and let

f ¥ gi- fi + 5(g:) f;- Then 7(¢) = 0 so by [V, 2.4] there is
an open, G-invariant neighborhood V; of s such that ¢ is zero on V;. Thus
F.(¢,z) =0 for all z € V;. But for all z € G, F,(f,z) = F.(¢,z). 0

.
II

Renumber uy,...,u,, so that su;,1 < ¢ < k, are the orbits of A, such
that G, C Go,1 <i < k. Suppose fi, ..., fr € C®(G) satisfy F, (f;, su;) =
0ij,1 < 14,5 <k,and f}, ..., fi € C(G) satisfy A, (f!,su;) = 6;,1 <14,5 <k.

Lemma 2.3. Let f € C°(G). Then there is a neighborhood V; of s in G so
that

k
Fulf,2) = Y e (f, 5w) Fe (fi,)

and
k

An(f,.’I))ZZA,C(f,S’u,) (f;,il?)

=1

for all z € V;.

Proof. Let f' = f — Y% | F.(f,su;) f;. Then F, (f',su;) = 0,1 < j < k.
Thus by Lemma 2.2 there is a neighborhood V; of s such that Fy (f',z) =0
for all z € V4. a

As in [V, 1.m], for any s € G semisimple, we let T' be the center of
M = G,. Let u € Zg(T) be unipotent. Then (T,u) is called a standard
couple. For any subset X of G, let X" denote the subset of elements
z € X such that the dimension of the conjugacy class of z is greater than or
equal to the dimension of the conjugacy class of any y € X.

We can now extend Theorems A and B of [V, 1.n] to the twisted case.

Theorem 2.4. (A) Let f € C>®(G) and let F(z) = F(f,z),z € G. Let
(T, u) be any standard couple. Then F has the following properties.

(i) F(gzg™") = r(9)F(z),Vzr,9 € G;

(i1) the restriction of F to Tu"™ is locally constant;
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(iii) the restriction of F to Tu has compact support;

(iv) for every s € T there is a neighborhood Vi of s in T such that for

teVenTres,
k

F(tu) =Y F (su;) F. (fi, tu)

=1
where su;, f;,1 <1 < k are defined as in Lemma 2.3.

(B) Conversely, if F is a function on G satisfying (i)-(iv) above, then
there is f € C>(G) such that F(z) = F.(f,z) for all z € G.

Proof. Part (A) follows from Lemma 2.3 and [V, 2.7]. It also follows easily
from [V, 2.7] that if f' € C> (T"%9) transforms according to x under the
action of W(Tu) = Ng(Tu)/Zg(Tu), then there is f € C (O (T7%9)) such
that f'(t) = F.(f,t) for all t € T™9. Now the proof of (B) follows by an
induction argument as in [V, 2.8]. |

We can use Theorem 2.4 to obtain the following localization result. Let
Ti,...,T. be a complete set of Cartan subgroups of G, up to G-conjugacy.
Let X =U_,T; CG.

Lemma 2.5. Let V be a closed and open subset of X such that O(V)NX =
V. Then given f € C>(QG) there is fy € C>°(G) such that

FN(fa')’) = F, (fV,’Y),’YE 1%

and
F.(fv,v) =0,7v € X\V.

Proof. Let F(z) = F.(f,z),z € G. For any z € G, write z = s(z)u(z) for
the Jordan decomposition of z. Define

{F(x), if s(z) € O(V);

Fy(z) = .

0, otherwise.

Then for any z,9 € G,s(gzg™') = gs(z)g™* € O(V) if and only if s(z) €
O(V). Thus if s(z) € O(V) we have Fy(z) = Fy (gzg™') = 0. If s(z) €
O(V) we have Fy (gzg™') = F (gzg™") = s(g9)F(z) = x(g9)Fv(z). Thus Fy
satisfies (i) of Theorem 2.4.

Let (T,u) be any standard couple. We can assume that 7' C T; C X
for some T;. Let Vo = V NT. It is open and closed in T. Let xy be the
characteristic function of Vyu. It is a locally constant function. Further
Fy|ry = Flr, - xv since, using our assumption that O(V)N X = V, for
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every tu € Tu,t € O(V) if and only if ¢ € V. Thus Fy satisfies (ii) and (iii)
of Theorem 2.4.

Finally, fix s € T. If s ¢ Vr, there is a neighborhood U of s in T such
that UNVr = 0. Now Fy (su;) = 0 for all ¢ and Fy(tu) = 0 for all t € U.
Thus Fy satisfies the germ expansion in U. If s € V7, then let Vr be a
neighborhood of s in T such that for all ¢t € Vy N T,

Ftu) = 3 F (sw) Fi (fi, tu) .

Let Vi, = Ve N Vr. Then for all t € Vg, Fy(tu) = F(tu). Also Fy (su;) =
F (su;) for all i. Thus Fy also satifies (iv). O

Let s € G be an arbitrary semisimple element. Let {T7,...,T}} be repre-
sentatives for the Cartan subgroups of G, up to G-conjugacy, such that s €
T;,1 <1 <r. Let M be the centralizer of sin G. Then T; C M,1 <i <,
and for any ¢ € C*(M),y € T; N G', we can define

AY (s, 7) =/\ P (m™'ym) k(m)dm

if T, C Go and AM(,7) = 0 if T, ¢ Go.

Lemma 2.6.
(i) Let f € C*(G). Then there are neighborhoods V; of s in T; and 9 €
C>*(M) so that for all1 <i1<r,yeV,NG',

AZ(f,7) = AY (%, ).

(ii) Let ¢ € CX(M). Then there are neighborhoods V; of s in T; and
f €C*(G) so that for all1 <i<r,y€V,NG,

AS(f,7) =AY (¥, 7).

Proof. The proof is an easy generalization of the argument used in [V, 2.5].
Define su;, fj,1 < j <k as in Theorem 2.4. Let T be the center of M.

Fix f € C*(G) and let Q = supp f. Then using [HC], there are neigh-
borhoods V; of s in T; and an open, compact subset w C M\G so that
g7 'WignNQ=0,1<4i<r, unless Mg € w. Further, as in [V, 2.5}, there is a
neighborhood V of s in T and an open, compact subset C C M\G so that
9 WugNQ=10,1<j <k, unless Mg € C. Choose a € C>(G) so that

1, if Mg € CUuw;

alg) = /Ma(mg)dm - {0, if Mg & C U w.
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Define
P(m) = /Ga(ili)fi(l‘)f (z7'mz) dz,m € M.

Then 3 € C*(M), and it is easy to check that forall 1 <i <r,y € V,NG’,

AZ(fy) =AY (7).

Further, forall 1 < j <k,y€V,

AT (fyug) = AN (9, yuy) .
This proves part (i) of the Lemma.
Define su,, f;,1 < j < k as above and let f; = d(su,) f;. Then the f,
satisfy Af( J’-,sul> = 0;,1 < 3,1 < k. To prove part (ii), we use (i) to

choose neighborhoods V; of s in T,,1 <4 <r and V of s in T, and functions
P, € C*(M),1 <j<k,sothatforall 1 <j<k,1<i<r,yeV,NT/,

AS (£1,7) = MY (3;,7) -
Further, for all 1 <1< k,y €V,
AY (f,{ﬁut) =AY (5, yur) -
Thus the functions 1); satisfy

1, ifj=1

M . =
A (45, 5u) {0, if A1

Now fix ¢ € C°(M). Asin [V, 2.5], the orbital decomposition of A, »; and
A, can be represented by the same elements suq, ..., su,,. Also M,, = G,,,
and My, = M NGy, so that M, C M, if and only if G,, € G. Thus we can
also take suy, ..., suy the same for M and G. Thus using Lemma 2.3 applied
to M there is a neighborhood U of s in M so that for all m € U,

k
AN (,m) =AY (3, m) A (3, 5u,).
j=1

Define f € C*(G) by

k

flg) =D A (W, 5uy) fi(9),9 € G.

i=1
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Then for all y € G,

k

AS(f,7) Z (%, 5u3) AS (£,7) -

But now we have
AS (f,7) = AM (43,7) , Y EViNTL1 <6 <11 <5 <,

so that
AG f’ ZAM(¢7SUJ) ’1:4(1/)],7)

j=1
Thus for y e V,NUNT/,1 <% <r, we have

AS(f,7) = A (,7).

§3. Matching Theorems.

Let G = GL(n,F),K = GL(n,R), and let x be a unitary character of F'*
of order d, d a divisor of n. Unless otherwise noted we will assume that & is
unramified.

As in Theorem 1.6 we let u,,...,u; represent the unipotent conjugacy
classes with G,, C Gy, and ¢, ..., ¢, € H(G) satisfy A, (¢;,u;) = d;;. The
following lemma is a special case of Lemma 2.3.

Lemma 3.1. Let f € C>(G). Then there is a neighborhood U of 1 in G so
that

An(fa 7) = ZAN (f, 'U'i) An (¢i7 7)

forally e UNG'.

Now let E be the cyclic extension of order d of F' corresponding to « and let
H = GL(m, E),md = n. Fix an embedding of H in G as in [W2]. Then for
v € H we can define both the ordinary orbital integral A (f,v), f € C*(H),
and the twisted orbital integral A% (f,7), f € C=(G).

Write H(G), H(H) for the Hecke algebras of G and H respectively. Lt
b: H(G) —» H(H) be the homomorphism of H(G) onto H(H) defined as
in [W2], and define the transfer factor AZ as in [W2, Hl]. The following
theorem was proven by Waldspurger [W2] for F of characteristic zero and
F(v) tamely ramified over F, and was extended by Henniart [Hn].
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Theorem 3.2 (Waldspurger, Henniart). Let f € H(G),y € HNG'. Then

AZMAL(f,7) = A (bf, ).

Write Zg for the center of G.

Theorem 3.3. Let z € Zg.
(i) Let fe € CX(G). Then there are a neighborhood U of z in H and
fu € CX(H) so that

Ag(’Y)AS (fGPY) = A" (fu,)

foralyeUNG'.

(ii) Let fy € C>X(H). Then there are a neighborhood U of z in H and
fe € C*(G) so that

AZ (AT (fa,1) = A (fay)
forallvye UNG'.

Proof. Suppose first that z = 1 is the identity. Define uy,...,up € G,
1y € H(G), as in Lemma 3.1. Let fo € C*(G) and let V be a
neighborhood of 1 in G so that

k
AS (fau1) = Y AS (fayu) A (91,7)

for all vy € VN G'. Define fg € C*(H) by

k
fi =Y AL (fa,u:) (by) -
i=1
Let U = VN H. Then using Theorem 3.2, for all y € U NG,

k
AH( AG fG) EAS fGau'z AH( )AS (Qb“")’)

i=1

k
ZA fGauz AH(b¢u7) H(fH"Y)'

Now let u},...,u} € H, ¢}, ..., € H(H) be defined as in Theorem 1.4 so
that w},...,u) represent the unipotent conjugacy classes in H and
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AH( ! u’) = 6. Let fy € C(H) and let U be a neighborhood of 1

17 g
in H so that
k

AT (fH;’Y) = EAH (fHau;) AT (¢:a’7)
i=1
for ally € UNH'. Choose ¢y, ..., ¢, € H(G) so that bp;, = ¢!, 1 <4 <k, and

define
K

fo =Y A" (fu,u) ¢:.

i=1

Then as above

AT (Fr,u) AG (VAT (¢1,7)

VR

AGMAL (fo,7) =

s
Il
-

AH (fH7u;)AH (¢i’ry) = AH (fH77)

I
L

I

foraly e UNG'".
To extend the result to arbitrary z € Z5, we use right translation by z as
in [V, 2.5]. [

We want to extend the matching of Theorem 3.3 to a matching which is
valid for every v € HNG'. In order to do this, we need to be able to match
orbital integrals in the neighborhood of any semisimple element of H.

Let s € H be an arbitrary semisimple element. Let Mg be the centralizer
of s in G and let My be the centralizer of s in H.

Lemma 3.4.
(1) Let g € C® (Mg). Then there are a neighborhood U of s in My and
Yy € CP (My) so that for ally e UNG',

AFMAY (e, 7) = MM () -

(ii) Let g € C* (My). Then there are a neighborhood U of s in My and
Ya € C® (Mg) so that for ally e UNG,

AGAYE (hayy) =AM ($u, 7).
Proof. Write Mg = Hf: . GL (n,, F;) where the F; are extensions of degree r;

of F' and Zle n;r, = n. For each 1 <1 < k, let x; be the character of F)*
given by k;(A) = £ (Np,/r())). Now the center Tz of Mg is isomorphic to
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[T, FX. For \; € FX,1 <i <k, write a ()1, ..., \;) for the corresponding
element of T;. Then

k

K(a (A, ey A)) = H ki (A7) .

i=1

Let d; be the order of ;. Then if there is 1 < 7 < k such that d; does not
divide n;, there is a € Ty so that x(a) # 1. But since s € H is semisimple, it
is contained in some Cartan subgroup 7" of H. But every Cartan subgroup of
H is a Cartan subgroup of G so that T C T. Thus T C H so that k(a) =1
for all a € T. Thus d; divides n; for all 7. Write n; = m;d;,1 < i < k and
let E; be the extension of F; corresponding to ;. It is the minimal extension
of F; containing F. Now My = Hf:l GL (m;, E;).

Thus Mg =12, GL (n;, F;) and My = [[°_, GL (m;, E;) are products of
groups G; = GL (n;, F;), H; = GL (m;, E;) of the same type as our original
groups G and H. Further, if ¢ = (g1, 92,.--,9x) € Mg =[] G;, then detg g =
[1 Nr,/r (detg, g;) so that k(g) = [] ki (g;)- Thus k-twisted orbital integrals
on Mg are the products of k;-twisted orbital integrals on the factors G;. Now
since s € My is central in Mg, we can apply Theorem 3.3 to match functions
g € C° (Mg) in a neighborhood of s with functions ¥} € C° (M) using
the transfer factor Aﬁg . Thus to complete the proof of the lemma it suffices

-1
to show that there is a neighborhood U of s in My so that AZ (A%’;) is

constant and non-zero on U N G, so we can also match using the transfer
factor AX. This is proven in Lemmas 3.5 and 3.6 below. 0J

In order to complete the proof of Lemma 3.4, we must define the trans-
fer factors. For v,6 € H, let ¢y,...,c,,, respectively di,...,d,, denote the
eigenvalues of +y, resp. 4, in some extension of E. As in [W2, HI] we set

m

r(v,0) = H (ci —d;).
i,j=1
Then for all vy € HN G’, we define
3 (m—n)
AZH(y) = II rlevm] (et
o,7T€EG(E/F),0#T F F

where G(E/F) denotes the Galois group of E/F. Further, we set

AG*(y) =1
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for all vy € H if d is odd. If d is even, let o, be the unique element of order
2 in G(E/F) and let vg denote the valuation in E. Then we define

Angh) — (_1)VE(r(v,o+v))
for all v € H. Finally, for all y € H N G’, we define

Ad(y) = AG (MAG* (7).

We now return to the notation of Lemma 3.4 so that s € H is an arbitrary
semisimple element with centralizers Mg and My in G and H respectively.

-1
Lemma 3.5. There is a neighborhood U of s in My so that Ag’l (Aﬁgl)
1s constant and non-zero on UNG".

Proof. For y € HN G, let ¢y, ..., ¢, denote the eigenvalues of vy considered
as an element of H = GL(m, E) and let d,,...,d, denote its eigenvalues
considered as an element of G = GL(n, F). Define

Ag(y) = H (ci—c¢;), Aaly)= H (di — dj).

1<i#j<m 1<i#j<n

Fix y € HNG'. For each o € G(E/F), let ¢(i,0),1 < ¢ < m, denote the
eigenvalues of oy as an element of H = GL(m, E). Then as an element of
G = GL(n, F),v has eigenvalues ¢(z,0),1 <i < m,o € G(E/F). Thus we
can rewrite

II  rlev,™) =Ac(y)Ne/rAu(y)™
o,TEG(E/F),0#T

and
(m=n)
2

AZ () = 1AeIEIAr(MIZ  |det(y)

F

Now use the notation in the proof of Lemma 3.4 so that we have My =
H Hi,MG = HG,;, where for 1 S 1 < k, Hi =GL (mi,Ei) ,Gi =GL (ni,Fi).
Then for any v = [[v; € My N M{;, we have

Ay () = [T A (n)

(ma=ni)
2

=[1186: ()IZ 186 (1)IE |det ()

F;
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Thus
AG (v ) AYEN )T = |Ag(y) H|NF/FAG (’Yz)!

X ‘AH(V)I;;T H [N, pQn, ('Yi)'fg
(m—n) ("i""‘1)

IT|det ()|

F i

X dgt('y)

F;

We can index the eigenvalues of v in GL(n, F) as ¢(i,7,t),1 <1 < k,1 <
7 <n;,1<t<r,so that

HNF/FAG 71. HHH Zja 'LJ t)]

it g#Ej

Then we have

7)HNF,/FAG,' (7i)—1: H H c(i,j,t) — (@', 5',t')].

(4,0)#@ ) 5.7'

Thus v = Ag(y)I1; Nr/rla, (v;)™" extends to a continuous function on
Mg. Further, when v = s, «; is central in G; for all ¢ so that c(i,5,t) =
c(i,5',t) for all 4, 7, j', t. But since Mg = [] G, is the full centralizer of s in G
we have (3, §, ) # c(i',5',t') if (i, t) # (i',#'). Thus Ag(y) [1; Nk/rlAe, (1)
is non-zero at y = s. Similarly, we see that v — Ay (y)[I; Ng./sln, ()~
extends to a continuous function on My which is non-zero at v = s. Finally,
the determinant factors are certainly continuous and non-zero on all of My.
Thus
v AL (A ()

extends to a function which is constant in a neighborhood of s in Mpg.

O

. . . H2 Mu,2\ !
Lemma 3.6. There is a neighborhood U of s in My so that Ay’ (AMG’ )
is constant and non-zero on U NG'.

Proof. We first need to derive an alternate formula for AS?. Let o, be a
generator of G(E/F). For all v € H we define

Am = I r(sivoiv).

0<i<j<d-1

Then for each v € H N G',A(y) is an element of EX. Clearly r(6,7) =
(=1)™r(y,d) for all 7,8 € H. Thus it is easy to see that

o0l (y) = ()™ VA(~y), Vy e H.
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If m(d — 1) is even we let e, = 1. Suppose that m(d — 1) is odd. Then d
is even. Define E, = {e € E : o2e = e}. Then E,/F is a cyclic extension of
degree 2 and we can choose a unit ¢y € E, such that Ey = Feo], 000 = —ep.
With these choices of e, we have eoA(y) € F for all vy € H. We now claim
that

AG* ) =r (e0d(r)), YEHNG"

Let n be an unramified character of E* which extends x. Thus for all
e € E*,n(e) = ¢¥#(®) where ( is a primitive d** root of unity. Now since e,
is a unit we have

A& () =1 (eA() =n(A0).

Now 3
[I r(ov,my) = £A()?
o#T
so that
~ 1
e (AM) =sve [ [T rlov) | -
2 o#T
But
H ’!‘(0”)’, T’Y) = NE/F (H T(’Ya T7)> :
oFT T#1
Thus 1
Vg (A(’Y) 2 H 5 (Ng/pr (7,047)) -
1<i<d—

But forany 1 <:<d -1,

ve (Ngsrr (7,08 7)) = ve (Ngsrog'r (047,7))
=vg (Ng/rr (7,007)) -

Further, vg (Ng/r(e)) = dvg(e) for all e € EX. Thus, calculating modulo d,
we have

0, if d is odd.

d
d g TR .
< Sve |\r(v,087)), ifdiseven;
B (A(’y)) = {2 ( ( 0 ))
Now when d is even 00% = o, so we can conclude that

. (=1)v&(rvoe) - if d is even;
A =
7(800) {1, if d is odd.
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This completes the proof that A5? () = & (eOA(v)) , YEHNG'".
Similarly, for all v =[], v; € [1 H;, we have

M 2
H HK'L(eO’L z)

where eo,,»,[li are defined for the pair H;,G,. Since k; = k o Np,/p, for
v =[]v € Mg NG we have

AEP)ANE ) = 5 (eod () [T Ve (enids () )

-1
Thus A (AM” 2) will extend to a function which is constant and non-
zero in a neighborhood of s if we can show that

v A(y) HNFl/F (eo,iAi (’Yz'))~1

extends to a continuous function on My which is not zero at v = s. Note
that, using the notation in the proof of Lemma 3.6, we have

A(y)* = £ [[ rlo7,m7) = £86¢(V)Ne/rBu(y) ™

oFET
Thus the analysis proceeds exactly as in Lemma 3.6. That is,
I Nr/F (eo,i[l,- (’yi)) cancels out exactly the terms in A(y) which are zero
when v = s. 0

Let Ty, ..., T} denote the Cartan subgroups of H containing s, up to G-
conjugacy.

Lemma 3.7.
(i) Let fo € C>(G). Then there are neighborhoods V; of s in T; and
fu € C*(H) so that for all1 <i<k,yeV,NG,

AGMAS (fa,v) = A (fu, 7).

(i1) Let fg € C*(H). Then there are neighborhoods V; of s in T; and
fe € CX(G) so that for all1 <1< k,y€V,NG,

Ag(’Y)Af (fa,v) = AT (fu,7) -

Proof. This follows easily from combining Lemmas 3.4 and 2.6. O
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Locally there is no obstruction to matching twisted orbital integrals on G
with ordinary orbital integrals on H. However, if fg € C>®(H) is to match
orbital integrals with fs for all h € H N G', we must have

(*) A" (fu,zha™) = K(z)AF (xha ™) AF ()7 A" (fu,h)
forall h € HNG' and z € G such that zhz™! € H.

Theorem 3.8.
(i) Let fg € C*(G). Then there is fy € C°(H) so that for ally € HNG',

AGMAL (for1) = A (fa, ) -

(ii) Let fg € CX(H) satisfying (*). Then there is fg € C*(G) so that for
diye HN G,

AGWAT (fa, 1) = A (fu,7).-

Proof. (i) Let Ti,...,T}, be a complete set of Cartan subgroups of H up to
H-conjugacy. For each i, let ; be the support of AY (fg, ) restricted to T;.
Let X = UT; and Q = UL;. Then Q is a compact subset of X. For each
s € X, use Lemma 3.7 to find U(s), a compact open neighborhood of s in
X, and f, € C°(H) such that

AGMAL (fer7) = A (fs,),7 € U(s)NG".

Note that since both sides are invariant under H-conjugacy, the equality is
in fact valid for all v € O (U(s)) N G'. Write U'(s) = Oyg(U(s)) N X.

Since {2 is compact, there are sy, ..., s, so that Q C Ul_, U’ (s;). By shrink-
ing if necessary we can assume that the U’ (s;) are disjoint. Now by Lemma
2.5 applied to ordinary orbital integrals on H, there are f; € C*(H),1 <
1 < p, so that

A (foy), ify €U (s1);
0, if y € X\U' ().

AH (fz>7) ={
Let fg =3%"%_, fi. Thenforye X NG, if y € U'(s;), then

A" (fH17) = AH (fSU’Y) = Afl(7)Ag (fG)’Y) .
If v ¢ UP_ U’ (s;), then v & Q so that

AS (fGaf)l) =0=AH (fH77)
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(ii) Let T1,...,T; be a complete set of Cartan subgroups of H up to G-
conjugacy. For each i, let ©; be the support of A# (fy,) restricted to T,.
Let X = UT; and 2 = UR,;. Then Q is a compact subset of X. For each
s € X, use Lemma 3.7 to find U(s), a compact open neighborhood of s in
X, and f; € C(G) such that

AGMAE (foor) = A (fu,7), 7€ U(s) NG".

Note that since both sides transform in the same way with respect to G-
conjugacy, the equality is in fact valid for all v € Og(U(s)) N H N G'. Write
U'(s) = Og(U(s)) N X. Now the proof is finished in the same way as that
of (i) using Lemma 2.5. O

If we drop the assumption that E/F is unramified, we can obtain a weaker
version of Theorem 3.8 as follows. Let s be a semisimple element of H and
as before let T, ..., T} be the Cartan subgroups of G which contain s, up to
G-conjugacy. Suppose that Mg = Myg. Then T; C Mg = My C H for all
1 < i <r. We can use the results of §2 to prove the following lemma.

Lemma 3.9. Suppose s € H is a semisimple element such that Mg = My.
(i) Let fo € C*(G). Then there are neighborhoods V; of s in T; and
fu € CX(H) so that for all1 <i<r,ye VNG,

Af (fcﬁ) = A" (fu,7) -

(ii) Let fy € C*(H). Then there are neighborhoods V, of v, in T, and
fe € C*(G) so that for all 1 <i<r,ye V,NG',

Af (fa,7) = AT (fu,7)-

Proof. For part (i), use Lemma 2.6 to match f; € CX(G) with g €
C (Mg). Now use Vignéras’s version of Lemma 2.6 [V] applied to H and
ordinary orbital integrals to match ¢y = 1pg € C° (My) with fg € CX(H).
For part (ii) go backwards. OJ

Suppose that s € HN G'. Then Mg = My is a Cartan subgroup of H
and G, so that we can apply Lemma 3.9 in a neighborhood of s. Thus if
we restrict our attention to functions supported on such points, we can use
Lemmas 3.9 and 2.5 to prove the following theorem.

Theorem 3.10.
(i) Let fo € CX(G'). Then there is fy € CX(H N G') so that for all
yEHNG,
AZ (fa,) = A (fu, ) -
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Let fy € C°(HNG') such that
A (fi,zy2™") = K(2)A™ (fu,7)

forally € HNG',z € G such that zyx~! € H. Then there is fg €
C>(G') so that for ally € HN G,

A7 (fa, ) = A¥ (fa, ) -

References

J. Arthur and L. Clozel, Simple Algebras, Base Change, and the Advanced Theory of
the Trace Formula, Ann. of Math. Studies, No.120, Princeton U. Press, Princeton,
N.J. 1989.

Harish-Chandra, Harmonic Analysis on Reductive p-adic Groups, Lecture Notes in
Math., 162, Springer-Verlag, New York, 1970.

T. Hales, Unipotent representations and unipotent classes in SL(n), American J.
Math., 115 (1993), 1347-1384.

G. Henniart, Un lemme fondamental pour l’induction automorphe, preprint.
y2

R. Herb, Unipotent orbital integrals of Hecke functions for GL(n), to appear, Cana-
dian J. Math., 46 (1994), 308-323.

D. Kazhdan, On lifting, Lie Group Representations II, Lecture Notes in Math.,
1041, Springer-Verlag, New York, 1984, 209-249.

A. Silberger, Introduction to Harmonic Analysis on Reductive p-adic Groups, Prince-
ton U. Press, Princeton, N.J., 1979.

M.F. Vignéras, Charactérisation des intégrales orbitales sur un groupe réductif p-
adigue, J. Fac. Sc. Univ. Tokyo, Sec. IA, 29 (1981), 945-962.

J.L. Waldspurger, A propos des integrales orbitales pour GL(n), preprint.

, Sur les intégrales orbitales tordues pour les groupes linéaires: un lemme
fondamental, Can. J. Math., 43 (1991), 852-896.

Received June 29, 1993. Supported by NSF Grant DMS 9007459.

UNIVERSITY OF MARYLAND
COLLEGE PARK, MD 20742



PACIFIC JOURNAL OF MATHEMATICS
Founded by E. F. Beckenbach (1906-1982) and F. Wolf (1904-1989)
EDITORS

Sun-Yung Alice Chang (Managing Editor)
University of California
Los Angeles, CA 90095-1555
pacific@math.ucla.edu

F. Michael Christ Robert Finn Martin Scharlemann

University of California Stanford University University of California

Los Angeles, CA 90095-1555 Stanford, CA 94305 Santa Barbara, CA 93106

christ@math.ucla.edu finn@gauss.stanford.edu mgscharl@math.ucsb.edu

Thomas Enright Vaughan F. R. Jones Gang Tian

University of California University of California Courant Institute

San Diego, La Jolla, CA 92093 Berkeley, CA 94720 New York University

tenright@ucsd.edu vir@math.berkeley.edu New York, NY 10012-1100
tiang@taotao.cims.nyu.edu

Nicholas Ercolani Steven Kerckhoff

University of Arizona Stanford University V. S. Varadarajan

Tucson, AZ 85721 Stanford, CA 94305 University of California

ercolani@math.arizona.edu spk@gauss.stanford.edu Los Angeles, CA 90095-1555

vsv@math.ucla.edu

SUPPORTING INSTITUTIONS

CALIFORNIA INSTITUTE OF TECHNOLOGY UNIVERSITY OF MONTANA

NEW MEXICO STATE UNIVERSITY UNIVERSITY OF NEVADA, RENO
OREGON STATE UNIVERSITY UNIVERSITY OF OREGON

STANFORD UNIVERSITY UNIVERSITY OF SOUTHERN CALIFORNIA
UNIVERSITY OF ARIZONA UNIVERSITY OF UTAH

UNIVERSITY OF BRITISH COLUMBIA UNIVERSITY OF WASHINGTON
UNIVERSITY OF CALIFORNIA WASHINGTON STATE UNIVERSITY

UNIVERSITY OF HAWAIIL

The supporting Institutions listed above contribute to the cost of publication of this Journal, but they are not owners
or publishers and have no responsibility for its contents or policies.

Manuscripts must be prepared in accordance with the instructions provided on the inside back cover.

The Pacific Journal of Mathematics (ISSN 0030-8730) is published monthly except for July and August. Regular sub-
scription rate: $215.00 a year (10 issues). Special rate: $108.00 a year to individual members of supporting institutions.

Subscriptions, orders for back issues published within the last three years, and changes of subscribers address should be
sent to Pacific Journal of Mathematics, P.O. Box 4163, Berkeley, CA 94704-0163, U.S.A. Prior back issues are obtainable
from Kraus Periodicals Co., Route 100, Millwood, NY 10546.

The Pacific Journal of Mathematics at the University of California, c/o Department of Mathematics, 981 Evans Hall,
Berkeley, CA 94720 (ISSN 0030-8730) is published monthly except for July and August. Second-class postage paid
at Berkeley, CA 94704, and additional mailing offices. POSTMASTER: send address changes to Pacific Journal of
Mathematics, P.O. Box 6143, Berkeley, CA 94704-0163.

PUBLISHED BY PACIFIC JOURNAL OF MATHEMATICS at University of California,
Berkeley, CA 94720, A NON-PROFIT CORPORATION
This publication was typeset using AMS-LATEX,
the American Mathematical Society’s TEX macro system.
Copyright © 1995 by Pacific Journal of Mathematics



Matc g theorems for twisted orbi
REBECCA A. HERB

integrals

Uniform algebras generated by holomorphic and pluriharmonic functions on strictly
pseudoconvex domains
ALEXANDER 1ZZ0
Quantum Weyl algebras and deformations of U (g)
NATHUAN JING and JAMES ZHANG
Calcul du nombre de classes des corps de nombres
STEPHANE LOUBOUTIN
On geometric properties of harmonic Lip,-capacity
PERTTI MATTILA and P. V. PARAMONOV
Reproducing kernels and composition series for spaces of vector-valued holomorphic functions
BENT @RSTED and GENKAI ZHANG
Iterated loop modules and a filtration for vertex representation of toroidal Lie algebras
S. ESWARA RAO
The intrinsic mountain pass
MARTIN SCHECHTER
A Frobenius problem on the knot space
RON G. WANG
On complete metrics of nonnegative curvature on 2-plane bundles
DAVID YANG
Correction to: “Free Banach-Lie algebras, couniversal Banach-Lie groups, and more”
VLADIMIR G. PESTOV
Correction to: “Asymptotic radial symmetry for solutions of Au + ¢* = 0 in a punctured disc”
KAI SENG (KAISING) CHOU (Ts0) and TOM YAU-HENG WAN

409

429

437

455

469

493

511

529

545

569

585

589



	
	
	

