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EXPLICIT FORMULAS FOR WHITTALKER FUNCTIONS ON
CLASSICAL GROUPS

Taku ISHIT*

Abstract: We give explicit recursive relations for Whittaker func-
tions on classical groups and its application to archimedean zeta

integrals.
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INTRODUCTION

In the theory of automorphic forms Whittaker
functions play very important role. In this note
we collect our recent results ([4], [2], [3]) on ex-
plicit formulas for Whittaker functions on classi-
cal groups.

Let us briefly recall the simplest case SLy(R).
A Maass wave form f is an automorphic form on
the upper half plane $§ = {z = z++/—1y | y > 0},
which is an eigenfunction of the Laplacian of $,
that is, f satisfies

(2 + ) 6) = (1))
(v € C). Then f has the Fourier expansion of the
form
fla+v=1y) = ay’ /% 4 by~ +1/2
+ Z an/y K, (21t|nly) exp(2mv/—1nx),
n#0

where K, (z) is the modified K-Bessel function
(= class one Whittaker function on SLs(R)) and
satisfies Bessel’s differential equation

Kz%)Q — (2 + 1/2)] K,(z)=0.

When v ¢ Z, the fundamental solution of this dif-
ferential equation around z = 0 is {I,,(z), I_,(2)}
with

> (2/2)2m+u
L(z) = 7;:0 m!T(v+m+1)

the I-Bessel function (= fundamental Whittaker
function on SLy(R)) and there is the relation

(I-(2) ~ L(2)).

We shall discuss explicit formulas of these spe-
cial functions on higher rank groups. Our explicit
formulas are applicable for archimedean theory of
automorphic L-functions such as the computation
of archimedean L-factors.
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1. WHITTAKER FUNCTIONS FOR CLASS ONE
PRINCIPAL SERIES REPRESENTATIONS

We recall the notion of Whittaker functions for
class one principal series representations of real
semisimple Lie groups. Let G be a real semisim-
ple Lie group with finite center and g its Lie al-
gebra. Fix a maximal compact subgroup K of G
and put ¢ = Lie(K). Let p be the orthogonal com-
plement of ¢ in g and 6 the corresponding Cartan
involution. For a maximal abelian subalgebra a
of pand @ € a*, put g, = {X € g | [H,X] =
a(H)X,VH € a} and A = A(g,a) the restricted
root system. Denoted by AT the positive system
in A and II the set of simple roots. Then we have
an Iwasawa decomposition g = n @ a @ £ with
n=> ca+fa Let G = NAK be the Iwasawa
decomposition corresponding to that of g. We de-
note by W the Weyl group of the root system A.

Let P = MAN be a minimal parabolic sub-
group of G with M = Zi(A). For a linear form
v € af = a* ®r C, define a character exp(r) on
A by exp(v)(a) = exp(v(loga)) (a € A). We call
the induced representation

I(v) = L*d% (15 ® exp(v + p) @ 1y)

the class one principal series representation of G.
Here p = % > aca+ Mo is the half sum of positive
roots (m, = dimg,).

Let n be a unitary character of N. Since n =
[n,n]®> ", crr Gas 7 is determined by the restriction
No = dnlg, (a € II). The length |n.| of 74 is
defined as [7a]* = 301 cicim(a) —d1(Xa,i)® (note
that dn(X.;) € vV—1R), where the root vector
X, is chosen as B(X4,i,0X0,;) = —0;i; (1 <
i,7 <m(«)). Here B(, ) is the Killing form on g.
In this note we assume that n is nondegenerate,
that is, 1, # 0 for all a € I1. For such 7, the space

CP(N\G) = {f € C>(G,C)
| f(ng) =n(n)f(g),¥(n,g) € N x G}

becomes a (gc, K)-module. For a nonzero inter-
twining operator ® between () and C;°(N\G)



and a spherical vector vy € m,, we call the im-
age ®(vg) the Whittaker function for the class one
principal series. We denote by

Wh(v,n)
={®(vo) | ® € Homg. 1) ((v), O (N\G))}

the space of Whittaker functions. Because of Iwa-
sawa decomposition, Whittaker function w is de-
termined by its restriction w|4 to A, which we call
the radial part of w. Let Wh(v,n)™°? be the sub-
space of Wh(v,n) consisting of moderate growth
functions. Here is the well-known results (see [7],

[9)):

e dimc Wh(v,n) = W],
o dimc Wh(y,n)med = 1.

Hashizume [1] constructed a basis of the space
Wh(v,n) by a power series M, ,, whose coefficients
are characterized by a recurrence relation coming
from Casimir operators. In the next section we re-
view the construction of M, ,, which we call fun-
damental Whittaker functions.

The unique moderate growth Whittaker func-
tion has an integral representation introduced by
Jacquet [6]:

Won(g) = /N 0 (maw ng)"+* dn

where w is the longest element in W and g =
n(g)a(g)k(g) means the Iwasawa decomposition of
g € G. Tt gives a unique moderate growth Whit-
taker function and it is known that as a function
of v, W, converges absolutely and uniformly on
{v e af |Re((r,a)) >0 for all @ € AT} and can
be continued to a meromorphic function. We refer
the Jacquet integral class one Whittaker function.
Following the idea of Harish-Chandra, Hashizume
expressed the Jacquet integral as a linear combi-
nation of the fundamental Whittaker functions.
This factorization formula plays important role
to obtain an integral representation of class one
Whittaker function.

In this paper we discuss the case of classical
group G = SL,11(R), SOp41.0(R), Spn(R) and
SO, (R). Here SO,41.,(R) (resp. SO, (R))
is the special orthogonal group with respect to
Jont1 (resp. Jap), and Sp,(R) is the symplec-

tic group with respect to Jn> with J, =

_Jn

(n x n matrix). To describe our ex-
1

plicit formulas for Whittaker functions we fix some
notation for coordinates on A and parameters for
principal series. In our realization of G, a € A is

of the form

diag(ai,...,an+1)
if G = SLps1(R);
ye diag(ar,...,an, 1,a;", ... a7 ")
if G = SOnt1.n(R):
diag(ay,...,an,a; ", ... a7")
if G = Spp(R), SOnn(R),

with a; > 0. We introduce new coordinates y =

(Y1,---,yn) on Aby y; = a;/a;41 (1 <i<n-—1)
and
an/ant1 i G=SL,11(R);
_Jan if G = S50,41.0(R);
L P it G = Sp,(R);
Up—10n it G =80,.,(R).

The parameter v of principal series of G is identi-

fied with the complex numbers (v1,...,v,) by
n+1l 2u; .
exp(v)(a) = 4 i 4" 1 G = SLuia(R)
[[L,a;""  otherwise.

Note that 20! v; = 0 for G = SL, 41 (R).
2. FUNDAMENTAL WHITTAKER FUNCTIONS

In this section we give explicit formulas for fun-
damental Whittaker functions. We first review
Hashizume’s result. Let (, ) be the inner product
on af induced by the Killing form B(, ). We de-
note by L the set of linear functions on ac of the
form ) naa with ng € Z>o.

For each A € L, we can define the rational func-
tion cx(v) on af as follows. Put co(v) = 1 and
determine ¢y (v) for A € L\{0} by

(A A) + 200, ))ea(v)
=2 Zael‘[ |77a|26)\,2a(y),
inductively. Here we assumed (A, A) + 2{\,v) # 0

for all A € L\{0}.
We define a series M, ,(a) on A by

M, ,(a) = a"*P Z ex(v)a® a €A,
NeL

and (a¥’T* = exp(v + p)(a)) extend it to the func-
tion on G by

Mz/,n(g) = n(n(g))MU,n(a(g))'

We call the power series M, , the fundamental
Whittaker function on G. Hashizume proved the
following.

(2.1)

Proposition 1. ([1, Theorem 5.4]) If v € af is
regular, then the set

{Msvn(g) | s € W}

forms a basis of Wh(v, n). Here an element v € ag
1s called regular if the following two conditions are
satisfied.
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o (M) +2(\,sv) # 0 for all A € L\{0} and Theorem 2. ([4], [2], [3]) The coefficients CG.(v)
seW, can be written in terms of CS TN (O
o su—tv & {> cqnMmac | ma € Z} for all
sELEW. ¢ g (7)
Caw) =Y k=,
Therefore to find explicit formulas of Whittaker ksm ©mk
functions, we need to solve the recurrence relation where
(2.1). If we suitably fix the parameters 7, and use pSLuti(R)
coordinates y = (y1,...,yn) on A, then the radial m’kn
parts of fundamental Whittaker functions can be = [liza (mi = k) (Wi = vng1 + Db o
written as of the form: PS?("“’”(R)
G p+v G m,
M7 (y) =y m=(m1;mn)6N“ Ca) ) H?;f (1 — k) (Vi + Vit + Dok
X (my1) 2 (g, )2 im0+ vis + Dimctomea k-t

Here the coefficients CS (v) are characterized by
the initial condition C(%.... 0)(¥) =1 and the re-
currence relation:

QG §: ) 4eCCE
where we denote by e; the i-th standard basis in
R™ and Qm(v) and ¢ are given as follows:

Qe (v)

(1),

Y + 2
- 21:1 mimit1 + Zigll(y
— My 1My + (U — Vpg1) My,
if G =SL,11(R);
—Mpy— 1My, + UMy
it G = 850,41,,R);
—2Mp_1Mmy, + 2Upma,
if G = Sp,(R);
—Mp—oMp + (Vn—1 + vn)Mn
it G =850,.,R),

( Vz'+1)m

and

1 if G = SLys1(R), SO, (R);
if G = SOpi1.m(R);

2 if G = Sp.(R).

We solve the recurrence relations above and
find recursive formulas with respect to the real
rank of G. For G = SL,41(R), SO,41,(R),
Spn(R) and SO, »(R), we write G’ = SL,(R),

SOnn—1(R), Spr—1(R) and SO, _1 n—1(R), respec-
tively. For the class one principal series I(v) of

G, we associate principal series I(7) of G’ with

U= (D1,...,0p_1) as follows.
b= Vit1 +I/1/7’L if G = SLn+1(R),
L v; otherwise.

Then we obtained the following.

x [Tic, ('*anLl)mﬁ
XHz 1(V2+Vn+1)m1 ki1
X (mn - kn—l)-(2yn + l)mn—k’n_lv

ki—1

PSPTL (R)

m,k
H? 12(m2 — k) (Vi + Vig1 + Dmg =iy
HZL 12(’/2 + Vi1 + Dmgtmigy—kioa—k

XH (‘_Vn+1)mi—11
x 1= 1(V1+Un—|—1)m7 _
(mp—1 — 2kp_1)! (mn — kp—1)!
(Un—1+ Vn 4+ Dy 42mn—2k0 1 —kn s
X (Un—1 4+ vn 4+ Damp, ko Wn + D k1

and
pSOnn(R)

m,k
_ H?ilg( — ki ) (Vi + vig1 + 1)m1+1 —ki—1
- n—3

[im (Vi +vier + D gr —ks 1~k
XH (‘_Vn"’l)mr

XHz 1(V1+Vn+1)ml ki1
X (mn—Q —kn 2 — kn—l)!

(Vn72 +vp—1+ 1)mn71+mn*kn—3

ki1

n—2tvna+1) o e
X (mn 1— kn— 1) (Vn 1*Vn+1)mn 1—=kn_2
X (mn — kn— 1) (Vn 1+ v+ ]-)mnfkn 2
with (a), = I'(a + n)/T(a), and k runs through

such that P§ . do not vanish (finite sum).

3. CLASS ONE WHITTAKER FUNCTIONS

In this section we give integral representations
for class one Whittaker functions. Jacquet in-
tegral of course is an integral representation for
class one Whittaker function, however, it is not
satisfactory form for application such as compu-
tation of archimedean L-factors of automorphic
L-functions. After long calculation Stade [8] eval-
uated Jacquet integral on SL,(R) to reach an



effective recursive formula between SL,(R) and
SL,_2(R). Further he computed L-factors of L-
functions on GL, xGL,, and GL,xGL,_1. Based
on Stade’s result, he and the author [4] found a re-
cursive formula between SL,(R) and SL,,_1(R).
In [2], [3], we obtain similar formulas for other
classical groups, and our approach here does not
based on Jacquet integrals. We use a linear re-
lation between fundamental Whittaker functions
and class one Whittaker functions given in [1]. If
we set

W =>3"T% M,
seEW
then, up to constant (depending on v), W& is
class one Whittaker function on G. Here
SLn _ .
sk R) _ ngiqgnﬂ I(—v; + vj);
Ffon+l,n(R) — Ffpn(R)
= H1§i<j§n F(—Ui + Uj)r(—Vi — Vj)
X ngz’gn [(—2v;);
DO =TT e D(=vi + )T (=0 — 1)
As in Theorem 2 we give recursive relations be-
tween class one Whittaker functions on G and G’.

where § = (71, - ..
(1<i<n-—2)and

2
x Koy, (27r\/(1 + Up_2)(1+ un_l)(% + y%)>

77590n-1,n-1(R) / ~
Wy ' ()(y)

n n—1
% (ynlyn(l +un1)>y h dui
y127,_1 +un—1y% i—1 U; ’

yUn—1) Wwith §; = yiy1/Ui/uig1

Yn V unfl/un
Yn/Un—1

i G = SLusi(R);
if G = SOn+1,n(R);
YnlUn—1 if G = Spn(R);
Yn\/Un—2Un—1 if G = S0, (R).

Finally we announce our recent result on a com-

gn—l =

putation of archimedean L-factors.

Theorem 4. ([5]) We have

7S0n 1. (R
/ W(V1,+1,n)( )(y177yn)
(RX)TL s
1175 Ln(R n dy
x W(Mlp.(.,;")(yl"..’ynil)Hylz’sy_:
i=1 i

Lo I Pr(s + vi + 11)Tr(s — v + 1)
[Ticicj<n Tr(25 + i + 1)

)

Theorem 3. ([4], [2], [3]) If we denote by WC(y) and

= y"WS%(y). Then we have following recursive
relations:
Wb
n 2
TYi TGSLn(R) / ~
= [ Tlew{-u- TV e
Ry)™ =1 Ui
e s Ty dug
(e 2

z0mm ()

n—1
_ Ky(zwi 1+ i 1+i,)
/(R+)7L1 71;[1 2vn y \/( 1)( u,,)

n—1

¢ Ko (2 /T ) WSO+ ) T 2
i=1 "
WP ®)(y)
n—1
- / H Ky, (27ry¢\/(1 +u;—q)(1+ ui))
(R)n—1 3 ,
. n—1 dus
x Ky, (2myn (L )Wy () TT 55
i=1 "
WS (y)
n—2
:/ ]._.[K2”" (27Tyi\/(1+ui,1)(1+u%))
(RJr)n—l el ;

77750n+1.n (R
(RX) W(V17.~tin)( )(yh ey Yn)
( ) n dy
57SLy 1 (R - '
. W(”l"tl“n-f—l)(yl’ e 7yn) H?Jféy_j
i=1

I T2 Tals + v+ y)Te(28 — vy + 1)
[licicjenst TR(2S + pi + py)
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Measurement of plant growth environment in relation with electric field
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Photochemical conversion of environment related materials
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Practical Supply of Biomolecules Mediated by Biomimetic Reaction Acceleration
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Development of Recycling Processes of Waste Concrete
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Optimization of Resource Utilization
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Development of Statistical Data Analysis Methods for Experiments and Observational Studies
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Implementation of a real-time decision making program to control indoor conditions
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Development of High Speed Solving Methods for Task Scheduling Problem
Taking Account of Communication Overhead
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Research report on network technology of changing to optimal configuration according to network
conditions autonomously
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Video Coding Method with Semi-Compatibility for the Digital Broadcast Standard
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