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TWISTED TORSION ON COMPACT HYPERBOLIC SPACES: A
REPRESENTATION-THEORETIC APPROACH*

MARIA G. GARGOVA FUNGT

Abstract. In this paper we consider a twisted version 7y of the Ray-Singer analytic torsion
on compact locally symmetric spaces X = K\G/T' (with G a noncompact connected semisimple
Lie group, K its maximal compact subgroup, and I' a discrete torsion-free cocompact subgroup),
where 6 is an automorphism of X with the property that 2 = 1. We obtain a representation-
theoretic interpretation of the twisted torsion via certain irreducible unitary representations of G.
By considering § = Cartan involution for SOg(2n + 1,1), we show that |7g| = 1 for the compact
hyperbolic spaces associated to this family of Lie groups.

1. Introduction. The analytic torsion of a compact Riemannian manifold, in-
troduced first by Ray and Singer in [18], is an important invariant that allows us to
distinguish between spaces with isomorphic cohomology rings and homotopy groups.
It is composed of the spectral information of the Laplacian operators associated to
the De Rham complex of the manifold. Cheeger and Miiller independently (see [5]
and [17]) have shown that this torsion coincides with its combinatorial counterpart,
the Reidemeister torsion.

In the special case when the manifold is a compact locally symmetric space X =
K\G/T, with G a real semisimple non-compact Lie group, K its maximal compact
subgroup and T' a torsion-free cocompact discrete subgroup, Speh in [22] expresses
the analytic torsion in terms of representation-theoretic data. Inspired by work of
Fried [7] on compact hyperbolic spaces, she describes the spectrum of the Laplacian
operators via certain irreducible representations in the unitary dual of G. This allows
Speh to construct a proof different from that of Moscovici and Stanton [16] of the
vanishing of the torsion on all compact locally symmetric spaces of the type above,
except in the cases when G has a factor locally isomorphic to SO(p, ¢) with pg odd,
or SL(3,R).

An automorphism of a compact Riemannian manifold acts on the Laplacian op-
erators associated to its complex of differential forms, and thus it acts on the building
blocks of the analytic torsion. Therefore, each such automorphism allows us to con-
struct a twisted invariant analogous to the usual torsion. In this paper we do this in
the case when 6 is an involution of a compact locally symmetric space. We prove the
following vanishing result:

THEOREM 4.2 For the compact locally symmetric space X = K\G/T with G
locally isomorphic to SOy(2n+1,1), K its maximal compact subgroup and T a discrete
torsion-free subgroup, the twisted torsion

|To| =1

for all outer automorphisms of G such that 6 =1 and (K) = K, §(T) =T.

The proof of this theorem is modeled after Speh’s proof of the vanishing of the
analytic torsion. Thus, we first obtain a representation-theoretic interpretation of the
twisted torsion on a general compact locally symmetric space in 2.3. Then we relate
this invariant of the locally symmetric space to ”twisted torsion” of #-invariant unitary
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170 M. FUNG

representations in the discrete spectrum of G/I'. This twisted torsion on representa-
tions is distinct from Speh’s torsion on representations only when the automorphism
0 is outer.

We specialize to the case when G is locally isomorphic to SOq(2n + 1,1) and 6
is the Cartan involution, since for this Lie group it is essentially (up to inner auto-
morphism) the only outer involution. Moreover, in 3.1 we obtain a reduction of the
twisted torsion on unitary representations to that of invariant principal series repre-
sentations. This allows us to get a formula relating the logarithm of twisted torsion
on the manifold to special values of the twisted zeta functions of #-invariant principal
series representations. In sections 4, 5 and 6 we show that under the assumptions of
the theorem the twisted torsion of all #-invariant irreducible unitary representations
of G is 0, and hence the logarithm of the twisted torsion on the manifold is 0.

We work with the disconnected group G = SOg(2n + 1,1) x {1,6} whose non-
identity component we denote by G6. We extend each f#-invariant principal series
representation I of G by induction to a representation of G with irreducible factor
denoted by I. We interpret the twisted torsion of such an invariant principal series
representation as the coefficient of the trivial representation in a virtual tensor prod-
uct module (see 4.5), on the K6 component. At the heart of this character theory
computation of the twisted torsion is the calculation of the twisted character tr (E)
performed in section 5. It turns out that this character is a locally integrable function
on the maximal torus of the subgroup M = SO(2n) of G.

To get our vanishing result, we complete our proof by recognizing the product of
the two characters that define the twisted torsion on representations as products of
sums of characters of SL(2,R). To obtain this interpretation, we use combinatorial
results in 6 to rewrite, in a suitable form, the characters of those M-representations
that parametrize the class of #-invariant principal series for SOg(2n + 1,1).

2. Twisted Torsion on Compact Locally Symmetric Spaces.

2.1. Preliminaries. Let X be a compact Riemannian manifold. Denote by
A(X) the complex of its R-valued differential forms. By taking the adjoint d* of
the differential D we can define the Hodge-Laplacian operator A; on j-forms by
A; = Dd* +d*D. This operator is nonnegative and elliptic [24] and we can associate
to it the Dirichlet series

(A, =D A°°

where we sum over all nonzero eigenvalues of A;. This series converges absolutely for
Re(s) large enough, and in fact it can be analytically continued to a meromorphic
function in the complex plane [21].

We define

det A; = exp (—('A] (0))
where C’A] denotes the first derivative of the zeta function (a;.

DEFINITION 2.2. The square of the Ray-Singer analytic torsion [18] 77, corre-
sponding to the trivial representation of the fundamental group of X, is given by the
quotient

(det A1) (det Ag)® ...
(det Ay)? (det Ag)* ...
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We consider only compact locally symmetric spaces of the following kind: X =
K\G/T, where G is a semisimple noncompact connected real Lie group with maximal
compact subgroup K and I is a discrete torsion-free cocompact subgroup of G.

The Lie algebra g of G has the Cartan decomposition g = £ p, where € is the
Lie algebra of K and p = T'(X)., the tangent space at the identity of X.

For every (g, €)-module M of the universal enveloping algebra U (g) of g we can
consider the relative Lie algebra complex

c (gvM) = HOI’I]E (/\*p/ M)

where we consider p as a £-module via the adjoint action. If M is unitary, there is a
natural inner product on Homg (A*p, M) coming from the Killing form on p and the
inner product on M. Thus, following the exposition of Chapter 2 in [2], we can define
a Laplace operator

Ag\/j : Homyg (/\jp.,M) — Homg (/\jp.,M) .

Kuga’s lemma (page 49 in [2]) then gives us that for each w € A7p* and v € M (recall
that CJ(g, M) = [(Ap)* @ M]E., where we take the E-invariants in the latter term)

Al (wEv) =we (~Cv),

with C being the Casimir operator associated to the module M. On the other hand,
A(X) is isomorphic to Homg (A*p, O (G/T)), with C* (G/I') a module for the uni-
versal enveloping algebra U (g) via right invariant differentiation. Thus the spectrum
of the Laplace operator is in one-to-one correspondence with the spectrum of the
Casimir operator C' on L?(G/T).

Fix dz to be the Haar measure on G/T" coming from the Haar measure on G.
Then the Hilbert space L?(G/T") of square integrable functions on G/ with respect
to dx is the completion of the space C°°(G/T"). Moreover, we can decompose L*(G/T)
as a discrete sum of irreducible G-modules with finite multiplicities, by a theorem of
Gel'fand and Piateckii-Shapiro [9]:

L*(G)T) = @m(x,T)H,

where we sum over all irreducible unitary representations (m, Hy) in the unitary dual
G, and m(m,T') = dim Homg (H, L*(G/T)).
Hence it follows easily (see [22]) that for A # 0 € R,

dim ker(A; —\) = Z m(m, T)dim Homg (A7 p, H),
e
w(C)=X
where H2° denotes the C'*°-vectors in H,. We denote the dimension of this kernel by
m(A, 5, I).
This allows us to write

(1)  logrf =1lim 3 (1), (s) where (a, =3 m(Aj, A",
J
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2.3. Definition of the Twisted Torsion and Representation-Theoretic
Interpretation. Let us fix an arbitrary automorphism 6 of the Lie group G such
that §(K) = K, §(I') = I and #?> = 1. We can think of § as an automorphism of
X = K\G/T, by identifying it with the induced map on the locally symmetric space.

The automorphism 6 acts on the complex of differential forms A(X), which we
identify with the space Homg(A*p, C°°(G/T)), in the following way:

6 - n(Y17Y27 . ,Yq)(I) = n(d@Yl,d9Y2, ey dGYq)(G(I)),

with n € Hom(A%p, C>*(G/T')), Y1,...,Y, € pand x € G/T'. Another way of writing
this &-covariant action is:

(22) 977:”9 :eai(g/r) 07709/\“P7

with 8o (q/r) and fxq, denoting the action of § on C*°(G/I') and A?p, respectively.
The automorphism 6 acts on the Laplacian operator A, by

AD=0-D4(n) =020 (07" 1) =0(2g (8- 7))

since the Laplacian is a linear map.

DEFINITION 2.4. The square of the twisted torsion ; corresponding to the trivial
representation of T is

(det A?) (det AS)” ...
(det A9)? (det A9)* ...

We would like to obtain a representation-theoretic interpretation of the twisted
torsion on the compact locally symmetric space X. As a first step in this direction
we get the analogue of Kuga’s lemma.

We call a unitary (g, €)-module (7, M) f-invariant if the module (7%, M) is iso-
morphic to the original module, with 7%(X) -m = 7(d§(X)) -m for X € g,m € M.

LEMMA 2.5. Let (w, M) be a unitary, -invariant (g, €)-module with corresponding
Laplacian operator A(rw). If n € CY(M) = Homg(A4p, M), then

(A(m)n’)r = —m (O,

where  C denotes  the  Casimir element associated to (w,M) and
0’ =63t 010 Orup.

Proof. The same proof as the one on p.49 in [2] goes through, with 7 replaced
by n?. 0O

COROLLARY 2.6. A(n)!(w @ v) =w @ 6(—C(0-v)) forw € N*p* and v € M.

Proof. By the above lemma we have that
B(A(T) (W @0?)) =0’ @ —CH-v) =wab(—C(H-v)).

0
If (—C(v?)) = v for some X # 0, then —C(v?) = M?. Conversely, if C(v?) =
Av?, then #(—C(v?)) = —A\v. Thus, the spectrum of the twisted Laplacian depends
on the spectrum of the Casimir element C'.
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Recall now the decomposition of the unitary G-module L?*(G/T") whose C°°-
vectors are C°(G/T") (see [9])

(2.3) L*(G/T) = &m(n,T)H,,

where we sum over all irreducible unitary representations (m, Hy) in the unitary dual
G, and m(7,T') = dimHomg (H,T,LQ(G/F)). The map 6 acts on the left side of
equation (2.3) by

0-f(x) = f(0(x))

for all f € L%(G/T') and x € G/T'. Obviously, 0 leaves L?(G/T) invariant.
Consider now the right side of equation (2.3). There are two possibilities that can
occur. First, it can happen that the representation H is sent by the action of 6 to

a representation isomorphic to it. In this case, there exists an intertwining operator
Ay : H, — H, such that

Agm(g) = m(6(g)) Ag

A = 1.

Notice that the operator Ay is thus determined up to a sign, €4. In this situation, 6
also acts on a € Homg (H,, L*(G/T)) by

t9~a:t9221(G/F)oozot9H7r

with 672(q/r) and 0y, denoting the actions of 6 on L?(G/T) and H, respectively.
Note that this action is G-covariant.

Second, it can happen that 6 sends the representation H, into a representation
H? which is not isomorphic to it. In this case, we can look at the direct sum H, & H?.
Clearly, this sum is invariant under 6. Moreover, we can show the following.

LEMMA 2.7. If H, 2 HY, then the trace of 6,
tre‘Homg(/\J'p,H;fc@(H?)H) =0 fOT’ all 7.

Proof. We can choose a basis of the finite dimensional vector space
Home (Ap, H® @ (H2°)?) consisting of E-homomorphisms ay,...,a; which live on
(H)? and are trivial on HX, for some positive integer I, and E&-homomorphisms
Bi,- .., Bm which live on H> and are trivial on (H>°)? for some positive integer m.

Since @ is an invertible linear map with the property #? = 1, it follows that in fact
I = m. Moreover, # maps each a; into Zj ¢;B; (1 <3 <) for some nonzero constants

¢j, and hence its trace on Home(AJp, H® & (H)?) is 0. O

THEOREM 2.8. Suppose that G/T is compact and let C be the Casimir element
in the universal enveloping algebra U(g). For A #0 € R

dim ker(A? — /\) = Z tr H‘Homc(H,,LQ(G’/F)) tr 0|Homg(/\7p,H§°)~

TEG,
w(C)=\

Proof. Since the operator A; is elliptic, so is its twisted version A?. This implies
that we can write A7(X) as a direct sum of its eigenspaces. By the corollary to
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Lemma 2.5, the action of the twisted Laplace operator corresponds to the action
of the Casimir element on C*°(G/T"). By the above analysis, it follows that the
decomposition claimed in the theorem is precisely the eigenspace decomposition. 0O

REMARK. This theorem implies that if we want to calculate the twisted torsion
on X it suffices for us to consider only the unitary irreducible representations (mw, H; )
and their corresponding modules H2° of C'*°-vectors which are §-invariant.

COROLLARY 2.9. Suppose that X = K\G/T is a compact locally symmetric space
and let tI‘(A,j./ F) = Z red, tr 9|HomG(H,,,L2(G/F)) tr9|Homg(/\-‘frr,H;C)- Then

w(C)=\

Cas (s Ztr A\, D)A™° for seC.

Furthermore,

log Tg = hm Z ]CM

Proof. Since |(x¢| is dominated by |Ca; | for the zeta function of the usual torsion,
J

it converges for Re(s) large enough (the classical case is shown in [10]) and can be
extended to a meromorphic function on C. Hence, the two equations in the corollary
make sense (see also equation (2.1)). The fact that they hold is obvious. 0O

In view of this result, it is reasonable to consider the following functions on (g, €)-
modules.

DEFINITION 2.10. Let (p, M) be a 6-invariant (g, €)-module. Define the torsion
tor(p) and its twisted version toro( ) to be

tor(p) = 2(71)1]' dim Homg (A7 p, M)
J
to’rg (p) = Z(fl)j] tre‘Home(/\jP;M)'
J
We would like to find conditions under which these two functions coincide.

ProrosiTioN 2.11. Suppose that 6 is an automorphism of X which comes from
an inner automorphism on G, and let (p, M) be a -invariant (g, €)-module. Then
ftor(p)] = [tor’ (s)]
Proof. The automorphism 6(g) = aga™! is defined by an element o € G of finite
order. This means that a € K. Denote by X, the corresponding element in £. Let
w € Homg(AVp, M) and Y € AVp. Then

0. (1) = 475 (V) = A7 w(ad(Xa)Y) = A7 p(Xa)w(Y).
Now we can choose 4y = p(X,). O

COROLLARY 2.12. Assume 6 is an automorphism of X coming from an auto-
morphism of the group G of the form 6 = 61 o 6y where 61 is an outer automorphism
and 0y is an inner automorphism. Then for 8-invariant (g,€)-modules (p, M),

|tor9(p)| = ‘torgl(p)| .

Proof. This is immediate from proposition 2.11 and the multiplicative property
of the trace. 0O
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3. Twisted Torsion on Representations of SOy(2n + 1,1). From this point
on we are going to assume that the Lie group G is isomorphic to the connected group
SOp(2n + 1,1).

3.1. Reduction to the Principal Series Case. Let P = M AN be a minimal
parabolic subgroup of G, ¢ an irreducible representation of M = SO(2n), and v a
character of Lie (4) = a. Denote the principal series representation ITnd%(c @ v @ 1)
by (I(P,o,v),w). The action of G here is by n(z)f(g9) = f(z tg) for z,9 € G,
fer=1I1(Po,v).

For an admissible representation U such that U? = U 0§ = U and an automor-
phism 6 of G with the property that §2 = 1, recall the following definition (in view of
2.10):

DEFINITION 3.2. The twisted torsion of U with respect to 8 is

tor’(U) =) ~(=1)" 7 0 tiom,c (nip,1)-

i

We observe that the twisted torsion tor? (I(P, o, v)) is independent of the character
v since it depends only on the K-type structure of I(P,o,v). Moreover, as in lemma
2.7, if U is not isomorphic to U, we can show that

tr 9|H0mk(/\ip7U®U9) = 0

Now we can explore the vanishing properties of 75 on the associated locally sym-
metric space, by considering only the twisted torsion of #-invariant modules of G.

LEMMA 3.3. Let U be an admissible, 0-invariant representation of G. Then
the twisted torsion tor® (U) is completely determined by tor? (I(P,o,v)) for the prin-
cipal series representations which appear in the unique decomposition of U in the
Grothendieck group of G.

Proof. Write U in the Grothendieck group uniquely as
U= Zm(U,U @v)I(P,o,v)

where m (U, 0 @ v) are integral coefficients. As before, we may assume that [ = 9,
because U is f-invariant. Then the action of # on U is completely determined by the
operator Ay acting on I. The fact that the twisted torsion of a principal series is
independent of the parameter v, together with the linearity of the trace, then gives
us the required result. 0O

PRroOPOSITION 3.4. Suppose that X is the compact locally symmetric space asso-
ciated to G. Then

S () = D tor® (U) te bl U(C)

J UeaGH,

where él denotes the collection of all 8-invariant irreducible unitary representations
on which the Casimir element C has a nonzero eigenvalue.

Proof. This follows from corollary 2.9 since the series are absolutely convergent
for Re(s) large enough. 0O
Now we can conclude that
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COROLLARY 3.5. If the twisted torsion tor? (I) is zero for all -invariant principal
series representations of G, then the twisted torsion 77 (X) equals 1 on the associated
locally symmetric space X = K\G/T.

Proof. By (3.3) and (3.4) it follows that the logarithm of 77(X) is 0. 0O

3.6. The Twisted Principal Series of SOg(2n + 1,1). The only outer auto-
morphism (up to composition with an inner one) for SOy(2n + 1,1) is the Cartan
involution (see [19]), and thus from now on we will fix 6 to be exactly this map. It is
explicitly given by conjugation with the (2n + 2) X (2n + 2) matrix

-1 0 0 0
0 -1 0 0
0 0 -1 0
0 0 0 1

with 2n + 1 (—1)’s down the diagonal. We denote by € the Cartan involution, both
on the group and Lie algebra level.

We want to calculate tor?(I(P,o,v)) = tor?(I). Recall that 6 acts on a €
Hom (A'p, I) by

af = 9;1 oo fpip,

where 6; and 6,:, denote the actions of § on I and A'p, respectively. The Cartan
involution acts by —1 on the whole subspace p, and thus its action on A’p is given by
(=1)*. The action of 8 on (I, w) is determined by an intertwining operator Ay, known
up to a sign, with the properties that

Agm(z) = m(A(x)) Ay and A5 =1

for all z € G.

We want to obtain an explicit formula for Ag. As noted above, we assume that
I? = I. First we analyze the twisted representation I = I 0 4. A calculation shows
that we can identify I? with the principal series I(P, o, —v), where P = §(P). We
would like this principal series to be isomorphic to I. By the theory of intertwining
operators (see [13], [14]) this will happen if there exists an element wg € Ny (A) (in
fact, wg here is a representative for an element of the Weyl group W (G, A)) such that
wy oo =, wyofv=uvandw, ' (P)=P. Furthermore, we can explicitly exhibit the
map Int: I - I

flg) = (9) = agflgwy ")

for all ¢ € G. Here ay is defined to be a map (again determined up to a sign)
ap : Voo — Vo, between the M-modules with the same underlying vector space
and different actions, encoded by the corresponding subscripts (i.e. for v € V00,
m-v = o(weh(m)) - v). This operator has the following properties:

ago(m) = o(web(m))as and aj = 1.

Now, we can compose the two maps Int o § to obtain a map Ag : I — I.
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LEMMA 3.7. The operator Ag : I — I such that for f € 1,

(3.1) Ao f(g) = anf(B(g)wy ),
gives explicitly the action of 8 on the principal series [ = (I(P,o,v), 7).
Proof. Tt is trivial to check that A5 = 1 and Agn(g) = w(A(g))Ag. Consider
f(zman) = Ag f(zman), fort € G,me M, a€ Aandn e N.
f(zman) = ag f(B(xman)wy )

= ag f(B(z)wy 'm“ a”"n) with g denoting wogw; *

and by wg o f(n) =n

= age” (P18 6 (1 w0y =L £ () t) since f € I
= ) 95 g o 6(m)) £ (B
= e~ (rHrDloga s (1)) Loy £(O(x)wy ) by the definition of ay

and wg o v = v.

Thus f belongs to I. 0O

REMARK. If we assume the existence of wg, then the class of 8-invariant principal
series is determined by the class of tempered representations on M with the property
that wg oo = ¢. In the case that we are interested in, this translates into the class of
irreducible representations of M such that wgo o = 0.

For G =2 SOy (2n + 1,1), the element wg can be chosen to be the
(2n + 2) x (2n + 2) matrix

-1 0 0 0 0
0 010 0
0 1 0 0 0
0 0 01 0
0 0 0 0 1

with (2n — 1) 1’s down the diagonal, starting at the 4th row. This choice is based
on selecting, for the maximal abelian subspace a of p, the set of (2n +2) x (2n + 2)
matrices (b; ;) whose only nonzero entries are the by 2n42 = bant2,1. By Frobenius
reciprocity we have that for all ¢

Hom (A'p, I(P,0,v)) = Homy (A'p, V),

with (0,V) denoting an irreducible representation of M. Thus we have to consider
only those representations of M that appear in the exterior powers of the (2n + 1)-
dimensional vector space p . This is the set of M-modules consisting of the trivial
representation T},, the standard representation Vi, of degree 2n, AV, for 2 < i <
(n — 1), and the two irreducible representations Vi, V5 of degree %(25) into which
A"V splits. As pointed out on p.185 in [2], the action of wy sends V; exactly into
V5, and since we know these two modules are not isomorphic to each other, we should

not take them into account when determining the value of the twisted torsion.
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Therefore, in calculating the twisted torsion for the principal series I = I(P, 0, v)
for SOq(2n + 1,1), the set of #-invariant modules I is exhausted by those with o-
parameters in the set of wp-invariant irreducible M-modules given by:

(3.2) { T, Vet , NV | for 2 < < (n —1)}.

3.8. Example. Let G = SOy(3,1). Then we have that K = SO(3) and M ==
SO(2). By (3.2) we only need consider the trivial M-module (T3, triv). Hence,
tor? (I(P, triv,v)) = tor? (I) equals

- trH‘HomK(pJ) + 2trH‘HomK(/\Qp,I) - 3tr0|HomK(/\3p,1)-

Since the trivial representation of M appears exactly once in each of the exterior
powers of p when considered as M-modules, it follows that

dim Hom s (A'p, T3) = 1 for alli. Let E; be the basis element of p whose only nonzero
(4,7)-th and (j,4)-th entries are 1, for j = 1,2,3. Then a basis of Homg (p, T%,) is
given by ays such that ay(Er) =v # 0 € T and ay(E2) = apn(FE;3) = 0. We can
pull back a s to a homomorphism A € Hom g (p, I) such that for X € p and k € K,

AX) (k) = am(p(k) ™1 X),

where p denotes the representation of K on p given by conjugation. By choosing
ap = 1, the action of # maps A(X) into

Or 0 A(X) 08, = Ag(A(—X))(k) = —A(X) (k(wo) ")
= —am(p(kwo) "' X) = —an ((kwo)' X).

The multiplication (kw,)* negates the entries in the first row of the element k' and
thus produces a negation of X. Hence, we get that

tre‘HOmK(pJ) = (71)(71) =1

A completely analogous calculation shows that

trH‘Hom}((/\zp,l) =-1

tre‘HomK(/@p,I) =-1

and thus we get that
tor?(I) = =1 +2(=1) = 3(=1) = 0.

Therefore, we have shown that the twisted torsion vanishes for all principal series
representations of SOg(3,1) and thus |75] = 1 on the associated locally symmetric
space.

4. A Character Approach.

4.1. The Vanishing Theorem. In the course of the following three sections
we prove the following theorem.

THEOREM 4.2. For the compact locally symmetric space X = K\G/T with G
locally isomorphic to SOg(2n+1,1), K its maximal compact subgroup and T a discrete
torsion-free cocompact subgroup, the twisted torsion

|To| =1
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for all outer automorphisms 6 of G with the property that 6> = 1 and §(K) = K,
() =T.

Since in this case it suffices to consider only the Cartan involution for the au-
tomorphism 6, and in view of the reduction to principal series, it is enough that we
show

THEOREM 4.3. For the Cartan involution 8, the twisted torsion of all 8-invariant
principal series representations I(P,o,v) =1 of G = SOy(2n + 1,1)

tOT‘e(I) = Z(i]‘)ll tI‘9|HomK(/\‘p,I) =0.

i

We change our viewpoint by considering the disconnected group G given by the
semi-direct product G x {1,0}, with multiplication defined by

(gl'/ei) : (9279J) = (glei(92)79i+j) for Z/] € {1/2}

This group has two components: the connected component of the identity which is
clearly isomorphic to GG, and a second component consisting of all elements of the
form (g, 6) which we denote by G#.

We want to extend the representation (I, 7) of G to a representation on G. There
are two distinct ways to think about this extension. First, we can look at the induced

representation Indg(I). Since we have assumed that I = I, this induced represen-
tation will have two irreducible components, each corresponding to the choice of sign
of the intertwining operator Ay. Second, we can define the extension of I to G by

(4.1) (g x 0%) = w(g)A} forie {1,2}.

Just as in [1],we make the following definition:

DEFINITION 4.4. The twisted character of the representation (I,7) is the distri-
bution on G whose value on f € CX(G) is given by

trace(m(f)Ay).

Hence, the twisted character is in fact the trace of the irreducible factor I of the
extension of Ind%(I) on the component G#.
4.5. A Different View of the Twisted Torsion. In the disconnected group

G the analogue of the maximal compact subgroup K of G is the group K = K x {1,60}.
For G = SOq(2n + 1,1) we have that

LEMMA 4.6. K is isomorphic to the compact group O(2n + 1), and thus is the
direct product SO(2n + 1) X Zs.

Proof.  The disconnected group K has its identity component isomorphic to
SO(2n + 1) and all k € K are orthogonal:

(k,0) - (k,0) = (k.0) - (K.0) = (kf(k). 1) = (kk',1) = 1

The second statement follows from [4]. 0O
Just as we can think of dim Homy (Ap, I) as the coefficient of the trivial repre-
sentation of K in the tensor product A'p* @ I, we can interpret tr0|pom, (rip,1) a8

the coefficient of the trivial representation of K when restricted to its #-component
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in the tensor product Alp* @ I. This is because I extends to the #-component of K
precisely by the intertwining operator Ay (see (4.1)). Hence, just as the usual torsion
associated to the principal series I is the coefficient of the trivial representation in the
Grothendieck group of K of the tensor product

S (=1inp el
i
(see [20]), we can interpret the twisted torsion tor?(I) as the coefficient of the trivial

representation in the Grothendieck group of K when restricted to the component K6
of the tensor product

S (-1inprel
i
This means that to prove the vanishing theorem 4.3 it will suffice to calculate the
virtual character of K6 on > ,(—1)" A* p* and the twisted character tr (I|gg). Then,

after restricting the latter to K6, we can multiply them together as they are characters
of the non-identity component of the compact disconnected group K = O(2n + 1).

4.7. Virtual Character on ) ;(—1)% A’ p*. Let t denote a Cartan subalgebra
of &. Denote the set of roots of t on p by > (t,p). Here the dimension of the maximal
abelian subspace a of p equals the multiplicity of the 0-weight space, which is 1 in our
case. Furthermore, if a root « is an element of > (t, p), then so is —a.

As shown in [20], the character of K of the virtual representation
> (=1)% AT p = dE is  given by  L(pg(t))|= where
pe(t) = Han(t,p)(l — te®). We use this result to obtain the character of K
restricted to the #-component.

PROPOSITION 4.8.  Define the function pp(t) = [l,exip)(1 + te®).  Then
di(pE( )t=1 is the character of K on the component K@ of the virtual representation
Y= A P

Proof. 1t is shown in [20] that pg(1) = He'jer(T,p)(l — %), for T a Cartan
subgroup of K, is the character of K on ) .(—1)" A* p*. We extend this to the 6-
component of K: [eo e (10,0 (1 —€%), where T8 is the 6- component of T =Tx{1,60}
and Y)(T6,p) = {a € t* | Ad(t0) X = e*X) X } with t = X+ If e* € 3.(T6, p), then
—e® € Y (T, p) and vice versa, since

Ad(tO) Xy = tOX 0"t = —(t Xt ).

Therefore,
I a+en= JI a-e.
e*€>2(T,p) e*€3(T0,p)
Finally, observe that the coefficient of t' in pp(t) is the character of K@ on A'p*
multiplied with (—1)*, which proves the required result. 0O

LEMMA 4.9. For SOo(2n + 1,1) we have that

d n
— = 2 1 1 "' 1 T
2 (P(®)]e=1 = (20 + 1;[1 +e + e %)
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foraq,...;a, in Y (t,p).
Proof. This is an application of the product rule and the identity
e (l4+e )+e Y(l+e¥)=14+e%)(1+e )
forall1<j<n. O

REMARK. Note that we can rewrite this formula for the character %(ﬁE(t)\)tzl
as

(605/2 + efai/2)2

=

(2n+1)
i=1

since (1 +e*)(14+e @) =2+e% +e % = (e®/? 4 e /)2 for all 1 <i < n.

4.10. The f-regular Elements in SOq(2n + 1,1). For the purposes of calcu-
lating the twisted character tr(1|gg) we need to extend the notion of regularity of ele-
ments to the group G. Following the presentation of Bouaziz in [3], for z € G, we can

look at I(z), the multiplicity of the eigenvalue 1 of Ad(z). We put I(G5) = inf 5 I(y)

where G, denotes the connected component of G containing the element .

DEFINITION 4.11. Consider the analytic function on G given by
det (y + 1 — Ad(x)) = D(I)yl(éz) mod (yl((}’z)+1)

where y is a variable. An element x € G is regular if and only if D(z) # 0.

This definition allows us to conclude, just as in the connected case, that the set
of regular elements G’ of G is an open G-invariant dense set in G.

In the case we are considering we are interested in the regular elements on the
6-component G6 of G. Their counterparts in the component of the identity (under the
obvious correspondence (g, ) — ¢) are the elements we call the #-regular elements of
G =S00(2n +1,1).

We follow the procedure described in Lemma 1.6.3 in [3] to find the conjugacy
classes of regular elements in G8. Let © = z(aq,...,a,) for 0 < a; < 27 be the

)

element in the maximal torus 7" of K given by the following matrix:

1
CoS a1 sin aq
—sinay  cosag

cosa,  Sinag,
—sina, cosa,

1

We first look at the algebra a® = {Y € g|26(Y) = Yz }. Then the group H =
Z(G, a"?) that consists of the set

{g€800(2n+1,1)| gA = Ag for all A € a™” }

has two connected components: the connected one containing the identity is precisely
the maximal torus 7' of K, and the other component is —Idso,(2n41,1)1 Thus we
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already get that the elements of the form hf for h € H and «; # 0,7 for all 1 < i < n,
as well as their conjugates under G, are regular elements on G6.

It is easy to verify that the only subalgebra of the form a¥’ C h = a@t, contained
in the unique (up to conjugacy class) Cartan subalgebra ) of G, comes only from
elements y € T'.

Finally, we have to determine whether there is more than one conjugacy class
of #-Cartan subalgebras a¥? C §. By Lemma 1.6.3 in [3] any two subalgebras are
conjugate via an element of the Weyl group W (Gc, hc). In our case this is the Weyl
group for type Dyy1, which is isomorphic to S, x Z7. If we think of the elements
in b as matrices H(a,€) parametrized by a € R and & = (eq,...,e,) € R", then we
can exhibit an element g € SO(2n + 2, C) such that gH (a,&)g ' is a diagonal matrix
with 2n imaginary eigenvalues. Then it becomes clear that every element of the Weyl
group which takes b into b leaves a®? invariant. Therefore, we have shown that

PRroPOSITION 4.12. Every reqular element in GO is conjugate via an element of
G to an element of the form t@ or —t0 for t = t(a1,...,ay) € T, the maximal torus
of K, with each a; # 0, for 1 <i <mn.

REMARK. Let us denote the #-Cartan subgroup T'U (—Id)T by T¢. Notice then
that the above proposition says that we can write every f-regular element of g of GG in
the form ytf(y)~! for some y € G (since (g,0) = (y,1)(t,0)(y~1,1) = (ytb(y)1,0))
and some t € T with each i # 0,7 for 1 <i <n (t € T/,).

5. Calculation of the Twisted Character. Recall from section 4 that we
are considering f-invariant principal series representations I = (I(P,o,v),n) of G =
SOe(2n +1,1).

PROPOSITION 5.1. For a function f € CX(G) we have that

trace(w(f)Ag) = / eo f (kmanwy 'k~ eV P 108y (m) dm da dn dk,
KMAN

with x, denoting the character of the representation o of M.

Proof. We assume the conventions on fixing the Haar measures on G, K, M,
A and N which appear in [12] and [13]. We follow the presentation of Chapter X,
section 3, in the latter source.

Using the decomposition G = KMAN we can write an element = of G in a
non-unique fashion as

= () p(x) (exp H(a))n.

Then for the vector-valued function p € L?(K) taking its values in the Hilbert space
V7 in the compact picture of the principal series representation, we have that

m(@)Ag (p(k)) = e~ HOHE00 D o (e wg ) agp (e Ry 1)),
because Ag(p(k)) = agp(kw, ). For the projection operator E given by
Bok) = [ o(s)lhs)ds
KnM
we look at 7(f)E(Agp)(k):

(5.1) /06"”+”)H‘”””"“”””5“a<u<x*1kwal>>*1f<x>E<aw><n<x*kwal>>dx.
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1

The change of variables zkw; = — z of the unimodular group G followed by 8.44 in

[12] produces then

(5.2) / e~ (v=r) 1Ogao(m)*lf(ku)oflnflcflm*l14'71)
KxMxAxN
x E(agp(k')) dk dm da dn.

Now we substitute the formula for E as above. After we perform the change of
variables k's — k' and observe that, by the normalization of the Haar measure on
K N M, the integral there is 1, we obtain

(5.3) /K MANe(V*mloga”a(mfl)f(kwgl(man)*lk'*l)aw(/ﬂ')dk'dl(man).
x
By 8.30 in [12] this can be written in the form
(5.4) /}\ ) elvtr) log“U(m)f(kwalmank'il)agcp(k') dk' dm da dn.
¢
Since the expression
/MAN Flkwg "mank'™ e +P) 1896 (m) dm da dn

just as in [13] is a smooth compact average of a trace class operator, and as x, exists
and 7(f)E is of trace class, then by Lemma 10.15 in the same source, we can conclude
that

(5.5)  trace(w(f)Ag) = / e f (kwy 'mank =)+ 108y (m) dm da dn dk

KMAN

with ey the choice of sign coming from ag. Now the change of variables kwal — k
gives the desired result. 0O

Before we proceed with the calculation of the trace, we need an analogue of the
Weyl Integral Formula (see p. 141 in [13]) for the twisted case.

LEMMA 5.2. The map @ : G/Tg x T, = U,eq 2T60(x) " given by

(z,t) — xtB(x) !

is an everywhere reqular | |W(G,Tq)| : 1| map, with W(G,Tg) denoting the Weyl

group Na(Ta)/Za(Te).

Proof. Recall that the elements of T, as determined in the previous section, are
fixed by the automorphism 6.

Take a point y = ztf(x) ' € U,cq2Tq0(x) . It is clear that the complete
inverse image under ® of y consists of | W (G, T¢) | points (w - x,w - t) where w - x =
xt, T, w -t = t,th(t,") = tyutt,' for t, € Ng(Tg), which are all distinct.

To show regularity of ® we follow the proof of Proposition 1.4.2.3 in [25]. A
calculation for py = (x0T, to) € G/Tg x T, then produces that

| det (d®),, | = | det (Ad(tq) ' — 0)g/el-
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But the latter term equals
| det (Ad(to) " 08— 1)gs|

since the automorphism 6% = 1. We chose tg € T, so by the observation on regularity
following equation 4.11, we have that

| det (d®),, | # 0

and so @ is regular. 0O

We know from section (4.10) that the f-regular elements of G form a dense sub-
set and each of them can be expressed as a union of #-conjugates gtf(g)~' of T}.
Therefore, if we normalize the Haar measures in such a way that for f € C°(QG)

[ et = [ /TG{ [ et dTGt} I 1o

we obtain the twisted version of the Weyl Integral Formula:

(5.6) /0 f(2) da(z) = |[W(G, To)|
></ | det (Ad(t) " 0 6 — 1)|g ) dr, t
T

x / f(atb(@) V) deyro .
G/Ts

To proceed with the derivation of the formula for trace(m(f)Ay) we are going
to apply the twisted version of the Weyl Integral Formula to the reductive group
MA. First, observe that T is still a #-Cartan subgroup in this case. Let us write
an element t € Tg as t = tatpy with t4 € A, tyy € M. Note that t4 can be
either the identity or the element given by the diagonal matrix where the top-most
and bottom-most entries are (—1)’s and the rest are 1’s. In fact, the Weyl group
W(MA,Tg) = W(M,Tg) = W(M,T) with T the Cartan subgroup of K and of M,
since ata™" =t for all a € A,t € T (as t C m = Zy(q) and Tz = T’ x Zy). Moreover,
we have that

|det (Ad(t)""' o6 — 1)\( )¢ = 2| det (Ad(ta) ™" = 1)t

mba

because 8(m) = m for all m € M, and Ad(t)"'6(Y) =Y = =2V for all Y € a.
Furthermore, we have that

| det (Ad(tar) ™" = Dlwse = [An (tan)

where following the notation in [26],

Av(tm) =& tn) I (U =&ltm)™)

aEAT (to,mp)

for the positive roots «, their exponentials &,, and their half-sum py;.
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We begin by applying the Twisted Weyl Integral Formula to the group M A in
the trace formula (5.1):

(5.7) trace(w(f)Ag):QGS\W(M.,T)H/T\AM(tM)PXO(tM)dt

. ./’ ./MA/T _/N f(kmate(ma)ilnwoilkil) dk dn d(ma).

LEMMA 5.3. Let h € MA be such that det (Ad(h)™* = 0), diag(nany # 0, with
n=0(n) and diagn ®n) = {(Z,0(2)) | Z € n}. Then the mapping & defined by

(n,0(n)) — h tweb(n)h™o n~t
is an analytic diffeomorphism of diag(N x 8(N)) onto wo diag(6(N)N).

Proof. It is clear that £ is analytic. Given R = walhwo, and fixing n € N,
7 € n, we have that

§(nexp (t2),0(n) exp (t6(7))) =
&(n,8(n)) exp (tAd(n(h“’l;1 )" N8(2)) exp (—tAd(n) 7).

Therefore, since gue’ = 0, we get that
det (d€),, = det (Ad(h" ) Lof — 1) ding(nasn) = det (Ad(h)~* — 0)| diag(new) 7 0:

which implies that £ is everywhere regular.
An inductive argument with N then shows that £ is in fact 1 — 1 and onto (see
Lemma 10.16 in [13]). O

COROLLARY 5.4. Fiz h € M A such that det (Ad(h)~* — 6) y # 0. Then

| diag(ndn

(5.8) Flwof(n)h™ " n~ wy ) d(won)
wo N

= | det (Ad(h)™! —9)|dj;g(n@ﬁ) /Nf(hnwal)dn

for any function f € C*(G).
We apply lemma 5.3 to the element h = matf(ma)~! of M A. Then

(Ad(mat@(ma)fl) — 9)‘ diag(n®n) = (Ad(til) — 9)‘ diag(n)
since det Ad(A(1m)) det Ad(m) " =1 for m € M A. Therefore, we have that

| det (Ad(1) " = 0) |aiag(nan) = /" 11 1-&®™)
aeAT(te,diag(ncdne))

with SN/T — (71) number of roots in A+(t‘;g,diag(n‘;g®ﬁ;)).

Now let us substitute this corollary of lemma 5.3 in the equation (5.7):
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(5.9) trace(m(f)Ap) = 2eg|W (M, T)| !

X / ‘AM(tM)‘QXU(tM” det (Ad(t)71 — 0)‘diag(n®ﬁ) dt
Ta

></ / / f (kwof(n)wy 'matd(ma) twontwy k1) dk d(won) dima.
MA/T JwoN

We do a change of variables wgn + n. The observation that (n) = w, 'nwg and
the change of variables kwal — k let us rewrite the triple integral in the following
form:

(5.10) / / / f(knmatf(ma)~'6(n) "'k~ dk dn dma.
MA/T
Putting it all together then we get:

(5.11)  trace(n(f)Ag) = 26| W (M, T)|*
x /T Daa(bar) P (bar)s™/T 11 (1 Ea(t) )t

acAt(tc,diag(nc®ne))

x /G |, Joto(6) ) ds

where fg(gtg—') = f(knmatf(knma)~"'), since (k) = k for all k € K.
A direct calculation shows that

NI 11 (1= (™) = M - & (ta)™)

a€AT(te,diag(ncdne)) =1
for ay,...,a, the positive roots for SOq(2n + 1,1) in AT (tc, €c) which are not in
A% (te, me), and s5/M again denoting (—1) to the power equaling the number of
positive roots in this product. To keep the notation consistent, set

Cartotan =1 py)

and
Eprepn (tar) TT(X = oy (bar) 1) =2 Ageynr (£aa).
i=1
Then we have the following equality:
(5.12) sEITe AP (1) = sMITA () V285 M A e jar (tar ),

with

| det (Ad(t) "t o — Dlg/e = |AY(1)]2.
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By analogy with the usual invariant integral, consider
b =20 [ falattlo) ).
G/Ta
Then the trace from equation (5.11) becomes
(5.13) \/560|W(M,T)|*1/ sHTSMIT A (tar)xo (t) 5, () dt.
TG

The integral ® ¢, is invariant under conjugation by elements of W (M, T') and so is x,-.
Moreover the quotient

oy §—pSpu s@TAY
SM/TAM

is invariant under conjugation by all of W (G, T¢g). Therefore we can rewrite equation
(5.13) as

= SK/MAK/M

(5.14) sY/TIW(G. Te)| !

x/ &, (1) GgsM/TSG/TG ZweW(G’,TG)/W(MyT)XwU(tM) Ag(t)dt
Te To Agyn(tar)

Hence, we have the following
THEOREM 5.5. The twisted character trace(n(f)Ag) is a locally integrable func-
tion given by

egs™M/T 50/ Ta Y wew (G,Ts)w(m,T) Xwe (ta1)

Agym(tum)

on the O-regular elements of G and O elsewhere.

Proof. Consider the function Fjf on G which vanishes outside the set of f-regular
elements of the group and such that
1. F§(xtf(z)~ ') = FJ(t) (t€Tq, g€@);
2. Fort € Tg

- 698M/TSG/TG ZweW(G,TG)/W(M,T) Xwo (tar)
Fy(t) =

Agyn ()

We claim that, in the sense of distribution theory, trace(n(f)As) = Fy, for f €
C*(G). By using the Twisted Weyl Integral Formula and the expression for Fy we
obtain

/G f(2)Fg (2) de
— W(G.Te)| ! /T AN F 1) /G | Gatbto) ) dg

WG )| [ AR (), (0 e

Te
:\/569|W(M,T)|*1/ sGTE sMITA L (tag)xo (), () dt.
Ta

This final equation is exactly what we had in (5.13). The local integrability follows
from section 11.6 in [13]. 0O
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6. Conclusion. We first rewrite the character formula tr f|Gg for the groups
SOp(2n + 1,1) x {1,6}. Recall that the group M here is isomorphic to SO(2n)
and T is its maximal torus. Thus we are in the situation of type D, and hence
‘W (M,T)| =n!(2)"'. Also, notice that we have in this case s/7 = 1. Furthermore,
observe that W (G, T) = W (K, T') and thus we are in the situation of type B,,. Then
[W(G,Tg)| = n!2", so

IW(G, Te) /W (M, T)| = 2.

In fact, we can choose the element wg as the nontrivial representative of this quotient.
For n odd we have s¢/7 = —1, and for n even s¢/7 = 1.

This allows us to rewrite the numerator of the twisted character formula in the
following way:

Z Xwo (1) = Xo (1) + Xwoo (1)

weW (G, Tg) /W (M,T)

The class of representations of M under consideration (see 3.2 in Chapter 2) are those
for which ¢ 2 wgo; in fact it is the set given by the n irreducible representations

Mo = {Tp Vot NV [2 < i <m— 11}

Therefore, for the choice of ¢y = 1 we obtain the following form of the twisted character
formula:

—1)"2x,
(6.1) D" for o0 € M,.
Agym(t)
We would like to write the characters xv,,,..., xa»-1y,, in a suitable form. Let us

denote the highest weight of the irreducible representation A*Vy; by A = ay +- - -+ ay,
for 1 < k < n —1. We use the combinatorial results described on p. 469 in [8]. It
turns out that y.xy,, equals the determinant of the following matrix

hi hs hs ... her  he hper ... B B
1 hi hy oo his her he oo hais  hps
0 1 hl PN hk73 hh,Q hk,1 PN hn,3 hn,Q
0 0 0 ... 1 ki hy .o hog  heksr
0 0 0 ... 0 1 hi oo hpps hppi
0 0 0 ... 0 0 0o ... 1 hy

0 0 0 ... 0 0 0 ... 0 1

Here h;’s are the complete symmetric polynomials of degree i in the set of variables
{z1,...,2n, 2 "o 20} where z; = e®. By expanding along the last n — k rows,

we conclude that this determinant is equal to the determinant of the &£ x k matrix:

hi hy ... hiy_1 hg
1 hy ... hip_o hp
Ay = 0 1 ... hig3 hpo

0o 0 ... 1 hi
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THEOREM 6.1. We have det Ay = e, for 1 < k < n — 1, where e, denotes
the elementary symmetric polynomial of degree k in the ordered set of variables

1 1
{z1,. vzmy 2] ooy 2,

Proof. We prove this theorem by induction on k.

For k = 1, we have that h; = e;. Let us assume now that det A; = ¢; for all
positive integers | < k — 1. Consider now det A;. We expand along the last row of
Ag to get

det Ak = hl det Ak,1 — det kal(hz),

with Bg_1(hs) denoting the (k — 1) x (k — 1) matrix

hi he ... hp_o Dy

1 hy ... hip_s hi
kal(hQ) — 0 1 ‘e hk,4 hk,Q

o 0 ... 1 ha

By the induction hypothesis we have that det Ay_; = e;_1. Now expand Bji_1(hs)
along the last row to get:

det kal(h2) = hydet Aj_5 — det Bk,2(h3).

Now continuing this process, while successfully applying the induction hypothesis, we
obtain the following equality:

det Ay = hiey_1 — hoep_o + hzep_1 — -+ (71)khk,3 + (71)k+1 det Bg(hkfg).
Here
hi hs  hyg
det Bs(hy_s) = |1 hi hyp1|=hg +h3he_y — hohg_y — erhyp_1.
0 1 hro

We make use of Newton’s identity (for example see [15]):
hy —eithy_1 +eshy 9 — -+ (71)1”161\« =0.

Thus by plugging in the expression for hy = ejhy_1 — exhy o + -+ + (—=1)%e, and
hy = €2 — ey in det B3(hy_») we have that

(6.2) det Ay,
=ep 1hi —ep_ohy + e 3hs — -+ (=1)Feshy 3
+ (1) (eshp—s — eahp_a + - + (=1) T ey)
= ey.
O
DEFINITION 6.2. Let ¢ <n — 1. Then we define S; to be

DR C7RE ) PO CT )

1<ji<<ji<n
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where the sum is taken over all increasing sequences 1 < j1 < -+ < 7; < n of length i
of integers between 1 and n.

THEOREM 6.3. We have the followmg expressions for the elementary symmetric

polynomials ey, in the variables z;, z; Y where 1 < j < n:
I n—2i-1

(6.3) :Z< i )SZz+1 ifk=2j+1
2 (n—2i

(6.4) ek:2<ji>52¢ if k= 2j.
i=0

Proof. Consider the space of the elementary symmetric polynomials e;’s as above
and the space of weighted sums of S;’s as above. It suffices to show that the dimensions
of these two spaces are equal. In fact, the equality of these two numbers follows from
a generating function argument, as follows.

LEMMA 6.4. Let n and k be positive integers with k < n — 1. Then

2 Lo (n—=2i—1\( n . .
(6.5) <k>:Z2 ( il ><2i+1>., ifk=2j+1

w ()00

Proof. Consider the generating function (1 + 2)?" = (1 + 2z + 22)™ and compute
the coefficient of z* on both sides. 0O

This proves the theorem. [

Let us conclude the proof of the vanishing theorem by considering first the case
of the trivial representation of M. Its character equals 1, so with the choice of €9 = 1,
the twisted character has the form:

-1 2=
N 2 =)

The character formula of K6 on }_,(—1)% A’ p* is given by:
(2n+1) H /2 4 gmoi/2)2,
i=1

Hence we can write the product of the two characters in the following way:

n C!i/Q 70(,‘/2
i=1
For each 1 <1 < n, we can interpret the term
605/2 +67&i/2

60"'/2 _ efoz,'/Q
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as the difference of the characters @D;r, @D; of the two discrete series representations

Dy and D, of SL(2,R). Now we work with SO(2)-types. On the right side of (6.7)
we are left with terms of the form

eoz,'/Z + efa;/z,

which correspond to the sum of the characters of the two irreducible representations
parametrized by the integers 1 and —1. However, on the left the SO(2)-types which
appear (all with multiplicity 1) are the representations parametrized by 2, 4,6, ... and
—2,—4,—6,.... Thus, we obtain that the coefficient of the trivial representation is 0,
for each 4. Therefore, we have that the coefficient of the trivial representation is 0 in
the whole product (6.7).

Next let us look at xaxry,, for 1 <k <mn — 1. We assume that k is even (the case
when £ is odd is handled completely analogously). Write & = 2l for some positive
integer [. We showed that

1 .
n—2i
XAkv, = €k = ) < I )5'22'.

=0
Recall that
Sy = Z (e® +e 1) ... (eY2i 4 e Yi2i),
1< <-<ga2i<n

Again, after we choose €9 = 1, we obtain for the product of the twisted character of
K6 and its character on ) (—1)"i A* p* the following expression:

Yico ()52 \ 7, a0 2
(—1)”2(2714—1) 7 — - ! — (ea]/Z +e*0t]/2)2.
Hj:l( a;/2 —e*‘)‘.‘l/z) ]];[1

We can rewrite this formula as:

l .
n—2
—1)"2(2 1
(-1) <n+>;(”>
(6.8) / /
o —a Qjo; — g, = (/2 4 ei/2)2
x > (e +e ). (e +e 21)‘1_[1(e'%'/Q_e*”f'ﬂ)
el

1<j1 <+ <j2; <n

We will denote each set of indices {j1,...,J2:} appearing in Sy; as Jo;. Then the
second sum in equation (6.8) can be taken over all possible Jo;’s. For each such Jo;
let us regroup the terms of the summand in the following way:

€320 4 e=3/205 4 e@i/2 4 g i/2 _ o
H e()z_.]'/Q o 6701_7'/2 (eﬂ]/2 + e &]/2)

(6.9) 7€ J2s
ea]/Q + efozj/Q

/2 —a;/2
% H eaj/Q—e*a:i/Q(e te )
jeJ\Jai

Again we identify the first term of each factor as a character formula involving the
discrete series representations of SL(2,R). The expression

63/20‘.‘1' + 673/20‘] + eo‘]/z + 670‘]/2

ea]/Q — e*‘)‘.‘i/2
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can be viewed as ®D2+ - @D; + GDI - GD; with © denoting the characters of the

discrete series representations determined by its subscript (see p. 345 in [13]). Just
as in the case of the trivial representation, we have that

eo¢]/2 +efa]/2
=Ops — O

e®i/2 _ p—aj/2

In both case when we multiply with the factor e®1/? 4+ e=%/2 we look at SO(2)-types
to conclude that the coefficient of the trivial representation is equal to 0 for every j.
Therefore, when we sum up all the products of zeros, we get that the coefficient of
the trivial representation is simply O.

Since our choice of k£ was arbitrary, this argument shows that for every irreducible
representation of M in the set M,, we get that the twisted torsion equals 0. This
concludes the proof of the Vanishing Theorem 3.1.1 for the family of groups SOg(2n+
1,1).

REFERENCES

[1] J. ARTHUR AND L. CLOZEL, Simple Algebras, Base Change, and the Advanced Theory of the
Trace Formula, Annals of Mathematics Studies, 120 (1989), Princeton University Press,
Princeton, NJ.

[2] A. BOREL AND N. WALLACH, Continuous Cohomology, Discrete Subgroups, and Representa-
tions of Reductive Groups, Ann. Math. Studies, 94 (1980), Princeton Univ. Press.

[3] A. Bouaziz, Sur les caractéres des groupes de Lie réductifs non connezes, J. Funct. Anal., 70
(1987), pp. 1-79.

[4] T. BROCKER AND T. TOM DIECK, Representations of Compact Lie Groups, Graduate Texts in
Mathematics, 98 (1985), Springer-Verlag, New York-Berlin.

[5] CHEEGER, Analytic torsion and the heat equation, Ann. Math., 109 (1972), pp. 259 322.

[6] L. CLozEL, Changement de base pour les représentations tempérées des groupes réductifs réels,

Ann. Scient. Fcole Norm. Sup., (4) 15 (1982), pp. 45-115.

[7] D. FrIED, Analytic torsion and closed geodesics on hyperbolic manifolds, Invent. Math., 84
(1986), no. 3, pp. 523 540.

[8] W. FurroN AND J. HARRIS, Representation Theory: A First Course, Graduate Texts in Math-
ematics, 129 (1991), Readings in Mathematics, Springer-Verlag, New York.

[9] T. M. GEL’FAND, M. I. GRAEV, I. PIATECKII-SHAPIRO, Representation Theory and Automorphic
Functions, W.B. Saunders Co., 1969.

[10] P. GILKEY, Invariance theory, the Heat Equation, and the Atiyah-Singer Index Theorem, Sec-

ond edition, Studies in Advanced Mathematics, CRC Press, Boca Raton, FL, 1995.

>

>

==

[11] S. HELGASON, Differential Geometry, Lie Groups, and Symmetric Spaces, Academic Press,
1978.

12] A. W. KNAPP, Lie Groups Beyond an Introduction, Progress in Mathematics, Volume 140,

Y g

Birkhauser, 1996.

13] A. W. KNAPP, Representation Theory of Semisimple Groups: An Owverview Based on Eram-

Y

ples, Princeton Mathematical Series, 36, Princeton University Press, 1986.

14] A. W. KNAPP AND E.M. STEIN, Intertwining operators for semisimple groups, Ann. of Math.,

g 9

(2) 93 (1971), pp. 489-578.

[15] I. G. MACDONALD, Symmetric Functions and Hall Polynomials, Second edition, Oxford Mathe-
matical Monographs, Oxford Science Publications, The Clarendon Press, Oxford University
Press, New York, 1995.

[16] H. Moscovict AND R.J. STANTON, Eta-invariants of Dirac operators on locally symmetric
manifolds, Inv. Math., 95 (1989), pp. 629-666.

[17] W. MULLER, Analytic torsion and R-torsion on Riemannian manifolds, Adv. in Math, 28
(1978), pp. 233-305.

[18] D. RAY AND I. SINGER, R-torsion and the Laplacian on Riemannian submanifolds, Adv. Math.,
7 (1971), pp. 145 210.

[19] J. RoHLFS AND B. SPEH, Representations with cohomology in the discrete spectrum of subgroups
of SO(n,1)(Z) and Lefschetz numbers, Ann. scient. Ec. Norm. Sup., 4¢ série, 20 (1987),
pp- 89 136.



(20]

21]
(22]
(23]
[24]
25]

[26]

D

G

G

TWISTED TORSION 193

ROHLFS AND B. SPEH, A comparison of geometric theta functions for forms of orthogo-
nal groups, Geometry and representation theory of real and p-adic groups, Progress in
Mathematics, 158, Birkhauser-Verlag, 1998.
. ROSENBERG, The Laplacian on a Riemannian Manifold, London Mathematical Society Stu-
dent Texts 31, Cambridge University Press, New York, 1997.

. SPEH, Analytic torsion and automorphic forms, Noncompact Lie Groups and their Appli-
cations, NATO Adv. Sci. Inst. Ser. C Math. Phys Sci. 429, Kluwer, 1994.

. A. VOGAN, JR., Representations of Real Reductive Lie Groups, Progress in Mathematics,
15, Birkhduser, Boston, Mass., 1981.

. WARNER, Introduction to Differentiable Manifolds and Lie Groups, Graduate Texts in Math-
ematics, 94, Springer-Verlag, New York-Berlin, 1983.

. WARNER, Harmonic Analysis on Semi-simple Lie Groups I. Die Grundlehren der mathe-
matischen Wissenschaften, Band 188. Springer-Verlag, New York-Heidelberg, 1972.

. WARNER, Harmonic Analysis on Semi-simple Lie Groups 1I, Die Grundlehren der mathe-
matischen Wissenschaften, Band 189, Springer-Verlag, New York-Heidelberg, 1972.



194 M. FUNG



