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Framework
G :“ SOepn, 1q and LiepGq “: g “ sopn, 1q

K :“ SOpnq and LiepKq “: k “ sopnq

èg “ k ‘ p “ k ‘ a ‘ n
X :“ G{K“ Hn

pRq Ñ real hyperbolic space

For each pτ, Vτ q is an irreducible unitary representation of K , we define
uniquely a homogeneous vector bundle

Eτ :“ G ˆ Vτ {„ ,

where
`

g , v
˘

„
`

gk, τpk´1
qv
˘

.

Examples:
‚ EtrivK » X ˆC Ñ generalization of the Riemannian symmetric spaces
‚ τp :“ ΛpAd˚ where Ad˚ denote the coadjoint representation of K on p˚

C
,

Ñ Eτp “ ΛpHn
pRq :“ Λp `T ˚

C
pHn

pRqq
˘

.

The smooth sections of Eτ can be identified with

C8
pG , τq :“

!

f : G smooth
ÝÑ Vτ | f pgkq “ τpk´1

qf pgq

)

.
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DpEτ q: set of homogeneous differential operators acting on smooth sections,
i.e.

Lpgq D “ D Lpgq for all D P DpEτ q and g P G

Ξ : UpgCq
K

Ñ DpEτ q

X1 ¨ ¨ ¨ Xn ÞÑ

˜

f ÞÑ
d

dt1
¨ ¨ ¨

d
dtn

f
`

x exppt1X1q ¨ ¨ ¨ expptnXnq
˘

ˇ

ˇ

ˇ

ˇ

ti “0

¸

Here this ring is commutative (also for Hn
pCq).

Theorem (Deitmar)
Suppose G{K is connected then

DpEτ q is commutative ô For every π P Ĝ, mpτ, πq ď 1

èAlways true for G “ SOepn, 1q and SUpn, 1q.
(Koornwinder 1982)
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DpEτ q: set of homogeneous differential operators acting on smooth sections,
i.e.

Lpgq D “ D Lpgq for all D P DpEτ q and g P G

Ξ : UpgCq
K

Ñ DpEτ q

X1 ¨ ¨ ¨ Xn ÞÑ

˜

f ÞÑ
d

dt1
¨ ¨ ¨

d
dtn

f
`

x exppt1X1q ¨ ¨ ¨ expptnXnq
˘

ˇ

ˇ

ˇ

ˇ

ti “0

¸

(positive) Laplacian ∆“ Ξp´Ωq where Ω is the Casimir operator

Ω :“ ´
ÿ

X 2
i `

ÿ

Y 2
i ,

where tXi ui“1,. . . ,dim k and tYi ui“1,. . . ,dim p are othonormal basis of k and p

It has continuous spectrum σp∆q “ rρ2
τ , `8r with ρ2

τ ą 0.
The resolvent of ∆

R∆pzq “ p∆ ´ zq
´1

is a bounded operator on L2
pG , τq depending holomorphically on z P Czσp∆q ,

i.e.
Czσp∆q Q z ÝÑ R∆pzq “ p∆ ´ zq

´1
P BpL2

pG , τqq .

is a holomorphic operator-valued function.
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Resonances of the Laplacian: Previous works

The scalar case, i.e. when τ “ trivK , in rank one

‚ Real hyperbolic n-space (1995): Guillopé and Zworski

Theorem
For X “ Hn

pRq and Ω “ C, the resolvent R∆ has:
˛ holomorphic extension, if n is odd
˛ meromorphic extension (with infinitely many poles) if n even.

‚ Meromorphic continuation on Riemannian symmetric spaces (2005): Strohmaier, Mazzeo
and Vasy

Theorem
X = arbitrary Riemannian symmetric space of the noncompact type.
There are Ω Ř C open with σp∆q Ă Ω and M Riemann surface above Ω such that

R∆ : Ωzσp∆q Q u ÝÑ R∆puq P HompC8
c pXq,C8

c pXq
1
q

admits holomorphic extension to M.

Problem: Ω is not large enough to find resonances.
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‚ Computation of resonances and residue representations for hyperbolic spaces: Miatello and
Will (2000) and with a different method Hilgert and Pasquale (2009)

Theorem
X = Riemannian symmetric space of (real) rank one. Then ζ ÞÑ R∆pζ2

q extend to
‚ a holomorphic function on C ù no resonances, if X “ Hn

pRq with n odd,
‚ a meromorphic continuation with infinitely many (simple) poles, otherwise.

The residue representations are all finite dimensional and irreducible.

Resonances in higher rank
•Hilgert, Pasquale, Przedinda for G “ SLp3,Rq, BC2, C2 and when X is the product of 2 rank
one Riemannian symmetric spaces of non-compact type.
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Harmonic analysis on vector bundles

M:“ ZK pAq, LiepMq “ m

For a fixed representation τP K̂ :

M̂pτq :“ tσ P M̂ | τ |M Ą σu

For pσ, Vσq P M̂ and λ P a˚
C

, we denote by

πσ
λ “ Ind G

MANpσ b e iλ
b 1q

Harish-Chandra’s notation for this in-
duced representation is πσ

iλ

the representation of the principal series, acting on the L2 space H σ
λ .

Frobenius reciprocity theorem: mpσ, τ |Mq “ mpτ, πσ
λq “: mσ,τ

Generalized spherical function φσ,λ
τ : G Ñ EndpVτ q defined by

φσ,λ
τ pxq “

mσ,τ
ÿ

i“1
Pi πσ

λpxq P˚
i

where Pi is the projection on the i-th component of τ in H σ
λ .
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Theorem (Inversion formula, Camporesi (1998), restricted to rank
one case, absolute continuous part)
For f P C8

c pG , τq,

f pxq “
ÿ

σPM̂pτq

ż

a˚

φσ,λ
τ ˚ f pxq pσpλq dλ

where pσpλq is the Plancherel density
(not explicitly known in arbitrary rank).

‚ Important properties of this convolution: φσ,λ
τ ˚ f even (Lemma I.9.1) and

rapidly decreasing in λ P R (Corollary I.9.1)
‚ ∆φσ,λ

τ “ pxλ, λy ` xρ, ρy ´ xµσ ` ρm, µσ ` ρmyq φσ,λ
τ

where f P C8
c pG , τq and µσ is the highest weight of σ (Lemma I.9.2).

We define ρ2
σ :“ xρ, ρy ´ xµσ ` ρm, µσ ` ρmy.
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Remark: The discrete part is the part which come from discrete series
representations.

ÿ

γPDG

Cγ

ż

K
F ´iµ´ρ

px´1kq Pγ1 rf piµ, kq dk

“
ÿ

γPDG

Cγφγ1,´µ
τ ˚ f pxq

The set DG is the set of discrete series of G . It consists of all irreducible
unitary representations of G whose matrix coefficients are in L2

pGq.
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Plancherel density

For rank one groups, it is given by Miatello (1979).
Roots system: gC “ sop2n ` 1,Cq, kC “ sop2n,Cq, mC “ sop2n ´ 1,Cq

hC “ aC ‘ tC

Define ϵj as the usual fundamental weights. The real root is ϵ1.

S0
“

␣

αi “ ϵi ´ ϵi`1 | i P t1, . . . , n ´ 1u
(

Y
␣

αn “ ϵn
(

S0
kC “

␣

ϵi ´ ϵi`1 | i P t2, . . . , nu
(

S0
mC “

␣

ϵi ´ ϵi`1 | i P t2, . . . , n ´ 1u
(

Y
␣

ϵn
(
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A fixed pτ, Vτ q P K̂ has highest weight of the form:

µτ “

n`1
ÿ

j“2
ajϵj

where a2 ě . . . ě an ě | an`1 | ě 0, ai ´ aj P Z and 2aj P Z for all
i , j “ 2, . . . , n ` 1.

Then σ P M̂pτq has the form:

µσ “

n
ÿ

i“2
bjϵj

where for all i , j “ 2, . . . , n we have aj ´ bi P Z and
a2 ě b2 ě a3 ě . . . ě an ě bn ě | an | ě 0.
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Example:
Let τp be the representation of the p-forms (p ‰ 0):

µp “ µτp “

p`1
ÿ

j“2
ϵj

Then σ P M̂pτq has the form:

µσ “

n
ÿ

i“2
bjϵj

where for all i , j “ 2, . . . , n we have aj ´ bi P Z and a2 ě b2 ě a3 ě . . . ě an ě

bn ě | an`1 | ě 0.
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Example:
Let τp be the representation of the p-forms (p ‰ 0):

µp “ µτp “

p`1
ÿ

j“2
ϵj

Then σ P M̂pτq has the form:

µσ “

n
ÿ

i“2
bjϵj

where for all i , j “ 2, . . . , n we have bi P Z and 1 ě b2 ě 1 ě . . . ě 1 ě bp`1 ě

0 ě bp`2 ě . . . ě 0.
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Example:
Let τp be the representation of the p-forms (p ‰ 0):

µp “ µτp “

p`1
ÿ

j“2
ϵj

Then σ P M̂pτq has the form (p ‰ n):

µσ “

p
ÿ

i“2
ϵj `

"

0
1

*

ϵp`1

We name these representations σp´1 and σp.
One can show that τn “ σn´1 ‘ σn´1
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When we have the M-types in M̂pτq, we can compute the Plancherel density.
For σ with highest weight

µσ “

n
ÿ

i“2
bjϵj ,

Miatello gives the Plancherel density:

pσpλαq “

"

tanhpπλq , if bj P Z

cothpπλq , if bj P 1
2 ` Z

*

λ
n
ź

j“2

ˆ

λ2
` pn `

1
2 ` bj ´ jq2

˙

Remark: pσpλαq is even in λ P R.
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Example:
For σl , with l “ p or p ´ 1,

µσl “

l`1
ÿ

i“2
ϵj

The Plancherel density is then

pσpλαq “

"

tanhpπλq , if bj P Z

cothpπλq , if bj P 1
2 ` Z

*

λ
n
ź

j“2

ˆ

λ2
` pn `

1
2 ` bj ´ jq2

˙
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Example:
For σl , with l “ p or p ´ 1,

µσl “

l`1
ÿ

i“2
ϵj

The Plancherel density is then

pσpλαq “ tanhpπλqλ
l`1
ź

j“2

ˆ

λ2
` pn `

3
2 ´ jq2

˙ n
ź

j“l`2

ˆ

λ2
` pn `

1
2 ´ jq2

˙
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Example:
For σl , with l “ p or p ´ 1,

µσl “

l`1
ÿ

i“2
ϵj

The Plancherel density is then

pσpλαq “ tanhpπλqλ
n
ź

j“2

ˆ

λ2
` pn `

3
2 ´ jq2

˙

ˆ

ˆ

λ2
` pn ´

1
2 ´ lq2

˙´1
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´ipn ´ 1{2q‚

´ipn ` 1{2 ´ lq‚

‚⃝
´ipn ´ 3{2 ´ lq‚

´5i{2‚

´3i{2‚

´i{2‚

‚⃝

‚⃝
‚⃝
‚⃝

‚⃝ poles

The singularities of the Plancherel den-
sity corresponding to σl are located at
␣

˘ipn ´ 1{2 ´ lq, ˘ipρ ` kq for k P Z
ˆ
`

(

For k P Z
ˆ
`, set

λl
k “ ´ipρ`kq and λl

0 “ ´ipn´1{2´lq.
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Computation of the resonances

Recall: resonances “ poles of the resolvent Rpzq “ p∆ ´ zq
´1

Rpzqf pxq “
ÿ

σPM̂pτq

ż

a˚

´

xλ, λy ` ρ2
σ ´ z

¯´1
φσ,λ

τ ˚ f pxq pσpλq dλ

For each σ P M̂pτq, one gets a bunch of resonances.
We now let ζσ :“

a

´z ` ρ2
σ and λ “ tα, with t P R.

´

xλ, λy ` ρ2
σ ´ z

¯´1
“

´

t2
|α|

2
´ ζ2

σ

¯´1

“
1

2t|α|

´

pt|α| ´ ζσq
´1

` pt|α| ` ζσq
´1
¯
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Computation of the resonances

Recall: resonances “ poles of the resolvent Rpzq “ p∆ ´ zq
´1

Rpzqf pxq “
ÿ

σPM̂pτq

ż

a˚

´
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σ ´ z

¯´1
φσ,λ

τ ˚ f pxq pσpλq dλ
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Rσpzqf pxq

For each σ P M̂pτq, one gets a bunch of resonances.
We now let ζσ :“

a

´z ` ρ2
σ and λ “ tα, with t P R.

´

xλ, λy ` ρ2
σ ´ z

¯´1
“

´

t2
|α|

2
´ ζ2

σ

¯´1

“
1

2t|α|

´

pt|α| ´ ζσq
´1

` pt|α| ` ζσq
´1
¯

Rσpζσqf pxq “
1

|α|

ż

R

1
λ|α| ´ ζσ

´

φσ,λα
τ ˚ f

¯

pxq
pσpλαq

λ
dλ
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Computation of the resonances

Recall: resonances “ poles of the resolvent Rpzq “ p∆ ´ zq
´1

Rpzqf pxq “
ÿ

σPM̂pτq

ż

a˚

´

xλ, λy ` ρ2
σ ´ z

¯´1
φσ,λ

τ ˚ f pxq pσpλq dλ
loooooooooooooooooooooooooooooomoooooooooooooooooooooooooooooon

Rσpzqf pxq

For each σ P M̂pτq, one gets a bunch of resonances.
We now let ζσ :“

a

´z ` ρ2
σ and λ “ tα, with t P R.

´

xλ, λy ` ρ2
σ ´ z

¯´1
“

´

t2
|α|

2
´ ζ2

σ

¯´1

“
1

2t|α|

´

pt|α| ´ ζσq
´1

` pt|α| ` ζσq
´1
¯

Rσpζσqf pxq “
1

|α|

ż

R

1
λ|α| ´ ζσ

´

φσ,λα
τ ˚ f

¯

pxq
loooooooomoooooooon

rapidly decreasing
function

pσpλαq

λ
looomooon

Polynomial ˆ tanh

dλ
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‚

‚

‚⃝
‚

‚

‚

‚

‚⃝
‚⃝
‚⃝ ´ipN ` 1

4 q

pRσpζσqf q pxq “
1

|α|

ż

R

1
λ|α| ´ ζσ

´

φσ,λα
τ ˚f

¯

pxq
pσpλαq

λ
dλ

“
1

|α|

ż

R´ipN`1{4q

1
ζσ ´ λ|α|

´

φσ,λα
τ ˚f

¯

pxq
pσpλαq

λ
dλ

´
2iπ
|α|

ÿ

kPNσ
λk ą´ipN`1{4q

1
ζσ ´ λk |α|

´

φσ,λk α
τ ˚f

¯

pxq Res
λ“λk

pσpλαq

λ
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´

φσ,λα
τ ˚f

¯
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λ
dλ

´
2iπ
|α|

ÿ

kPNσ
λk ą´ipN`1{4q

1
ζσ ´ λk |α|

´

φσ,λk α
τ ˚f

¯

pxq Res
λ“λk

pσpλαq

λ
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Theorem
The resonances of the Laplace operator acting on the sections of Eτ

appear in families parametrized by the elements of M̂pτq. Let

Sσ “

!

pz, ζq P C
2

| ζ2 :“ ´z ´ xρ, ρy ` xµσ ` ρM , µσ ` ρMyq

)

.

Then the resolvent extends meromorphically from
S`

σ “ tpz, ζq P S | ℑpζq ą 0u to Sσ. The (simple) poles of this
extension are the pairs
pzσ,k , ζσ,k q “

`

pBmax ` kq
2
|α|

2
´ ρ

2
α|α|

2
` xµσ ` ρM , µσ ` ρM y , ´ipBmax ` kq

2
|α|

2 ˘

where k P Nσ ,µσ is the highest weight of the representation σ, Bmax
depends on µσ and ρM is the half sum of positive roots for m.
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Example: We obtain a meromorphic extension of the resolvant on the half
plane ℑpζl q ą ´pρ ` Nq, for every N P Z`. We have up to a constant

pRl pζl qf q pxq “ pRl,Npζl qf q pxq `
2iπ
|α|

˜

N
ÿ

k“0

´

λl
k |α| ´ ζl

¯´1
ˆ

φ
σl ,λ

l
k α

τ ˚ f
˙

pxq

¸

where

pRl,Npζl qf q pxq “

ż

R´ipρ`N` 1
2 q

pt|α| ´ ζl q
´1 `φσl ,tα

τ ˚ f
˘

pxq tanhpπtq

n
ź

k“1

´

t2
`
`

k ´ 1
2
˘2
¯

t2 ` pρ ´ pq2 dt
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Residue representations

For each point λk :

E σ
k :“ tφσ,λk

τ ˚ f | f P C8
c pG , τqu ð

L G

ë What representation is it?

where for each l “ 1, . . . , mpσ, τq, the map Tl : C8
c pG , τq Ñ H σ

λk α is defined
by

Tl pf q “

ż

G
πσ

λk pgq
`

P˚
l f pgq

˘

dg .
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Residue representations

For each point λk :

E σ
k :“ tφσ,λk

τ ˚ f | f P C8
c pG , τqu ð

L G

ë What representation is it?

Rσ
k : C8

c pG , τq ÝÑ C8
pG , τq

f ÞÝÑ φ
σ,λk
τ ˚ f

where for each l “ 1, . . . , mpσ, τq, the map Tl : C8
c pG , τq Ñ H σ

λk α is defined
by

Tl pf q “

ż

G
πσ

λk pgq
`

P˚
l f pgq

˘

dg .
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Residue representations

For each point λk :

E σ
k :“ tφσ,λk

τ ˚ f | f P C8
c pG , τqu ð

L G

ë What representation is it?

Rσ
k : C8

c pG , τq Ñ H σ
λk α Ñ C8

pG , τq

f ÞÑ Tl pf q ÞÑ
ÿ

l

Pl πσ
λk αp ¨

´1
q
`

Tl pf q
˘

ë Intertwining maps ê

where for each l “ 1, . . . , mpσ, τq, the map Tl : C8
c pG , τq Ñ H σ

λk α is defined
by

Tl pf q “

ż

G
πσ

λk pgq
`

P˚
l f pgq

˘

dg .
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Lemma
Tl is an intertwining operator between the left regular representation
on C8

c pG , τq and the principal series representation pπσ
λk , H σ

λk αq.
Moreover, for each l the range of the map Tl is the closed subspace of
H σ

λk α spanned by the left translates of P˚
l Vτ . We will denote this

space by xπσ
λk pGqP˚

l Vτ y.

ù Tl
`

C8
c pG , τq

˘

is a subrepresentation of H σ
λk α

ù As Poisson transform “ intertwining map
ñ if mpσ, τq “ 1, then Ek “ ImpT q{KerpPoisson tr.q

ù Structure of H σ
λk α is not known in general

ñ we restrict to σ “ triv. Then τ |M Ă σ ô τ “ τn with highest
weight µN “ Nϵ1
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ù Structure of H σ
λk α is not known in general

ñ we restrict to σ “ triv. Then τ |M Ă σ ô τ “ τn with highest
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The principal series representation

0
trivK ‚ ‚ ‚ ‚ ‚ ‚ ‚ ‚ ‚

k ` 1

‚ ‚ ‚‚‚⃝

N
‚‚‚‚‚‚‚

Image of T

Frobenius ñ

´

τ Ą triv ô τ Ă Hλk α

¯

(Howe-Tan[1993])
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The principal series representation

0
trivK ‚ ‚ ‚ ‚ ‚ ‚ ‚ ‚ ‚

k ` 1

‚ ‚ ‚‚‚⃝

N
‚‚‚‚‚‚‚

Image of T

trivK ‚ ‚ ‚ ‚ ‚⃝ ‚ ‚ ‚ ‚

k ` 1

‚ ‚ ‚‚‚‚‚‚‚‚‚‚

Image of TN0

Kernel of the
Poisson transform
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Recall : Langlands parameters are:
‚ a cuspidal parabolic subgroup MAN
‚ a discrete series representation of M
‚ a linear form ν P a˚ with ℜpνq ą 0.

Then a representation with Langlands parameters pMA, σ, νq, is the unique
irreducible quotient of H σ

ν “ IndG
MANpσ b e iν

b trivq.
1. Find the minimal K -type τmin of Ek

2. Find the unique (if it exists) σ P M̂, such that IndK
Mpσq has τmin as

minimal (one) K -type.
3. Compare the regular characters of H σ

ν and Hλk to find the parameter ν.
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0
trivK ‚ ‚ ‚ ‚ ‚ ‚ ‚ ‚ ‚

k ` 1

‚ ‚ ‚‚‚⃝

N
‚‚‚‚‚‚‚

Image of T

A minimal K -type minimizes the Vogan norm of the highest weight in Ek :

∥µl∥V “ xµl ` 2ρK , µl ` 2ρK y

where ρK is half sum of positive roots in SkC
` .

Here it’s clear that τmin “ τk`1. Then σ Ă τmin |M if and only if

µσpaq “ aϵ1 ,

where a P rr0, k ` 1ss. The only one which has the same minimal K -type is
µσpk ` 1q. Denote this represention σk`1
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To find ν one has to compare the infinitesimal character of

IndG
MANptriv bepρα`kqα

b trivq and IndG
MANpσk`1 b eν

b trivq .

They have to agree up to the action of the Weyl group of pgC, kCq.

Weyl group action ô permutations of ϵj ’s and sign changes. So

Ñ ν “ ˘

ˆ

n `
3
2

˙

Langlands parameters: pMA, σk`1, νq with minimal K -type τmin .
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To find ν one has to compare the infinitesimal character of

IndG
MANptriv bepρα`kqα

b trivq and IndG
MANpσk`1 b eν

b trivq .

They have to agree up to the action of the Weyl group of pgC, kCq.

IndG
MAN

`

1 b e iλk α
b 1

˘

Ñ λkϵ1 ` ρm

IndG
MAN

`

σk`1 b eνα
b 1

˘

Ñ νϵ1 ` µσk`1 ` ρm

Weyl group action ô permutations of ϵj ’s and sign changes. So

Ñ ν “ ˘

ˆ

n `
3
2

˙
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To find ν one has to compare the infinitesimal character of

IndG
MANptriv bepρα`kqα

b trivq and IndG
MANpσk`1 b eν

b trivq .

They have to agree up to the action of the Weyl group of pgC, kCq.

IndG
MAN

`

1 b e iλk α
b 1

˘

Ñ pn ´ 1{2 ` kqϵ1

`

n`1
ÿ

2
pn ´ j `

1
2 qϵj

IndG
MAN

`

σk`1 b eνα
b 1

˘

Ñ νϵ1 `
k ` 1

2 pϵ1 ´ ϵ2q ` pk ` 1qϵ3

` p1 ` kqϵ2 `

n`1
ÿ

2
pn ´ j `

1
2 qϵj

Weyl group action ô permutations of ϵj ’s and sign changes. So

Ñ ν “ ˘

ˆ

n `
3
2

˙

Langlands parameters: pMA, σk`1, νq with minimal K -type τmin .
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Langlands parameters of Ek when G “ SOp2n, 1q

Theorem:

Case Minimal K -type σ values of ν

N ą k ` 1 τk`1 σk`1 ˘
`

n ´ 3
2
˘

α

N ď k trivK trivM pρα ` kqα

Example:
Just one case is treated by this Theorem : τ1|M “ σ0 ‘ σ1
Only one infinite dimensional representation Ñ E0.
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Wave front set
For semisimple Lie groups, π admissible representation of G ,
WFpπq “ closure of a union of nilpotent orbits in g (under AdpGq)

Nilpotent orbits are listed in Colligwood & Mc Govern, Nilpotent orbits in
semisimple Lie algebras
For SOp2n, 1q, there are 2 nilpotent orbits
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Wave front set
For semisimple Lie groups, π admissible representation of G ,
WFpπq “ closure of a union of nilpotent orbits in g (under AdpGq)
Nilpotent orbits are listed in Colligwood & Mc Govern, Nilpotent orbits in
semisimple Lie algebras
For SOp2n, 1q, there are 2 nilpotent orbits

`

`

`...
`

´

` ´ `

`

`

`...
`

with 2n ’+’, which respectively correspond respectively to the 0 orbit and the
orbit generated by gα.
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Wave front set
For semisimple Lie groups, π admissible representation of G ,
WFpπq “ closure of a union of nilpotent orbits in g (under AdpGq)
Nilpotent orbits are listed in Colligwood & Mc Govern, Nilpotent orbits in
semisimple Lie algebras
For SOp2n, 1q, there are 2 nilpotent orbits

Young diagram with 2n ` 1 squares ù partition d1 ě d2 ě . . . ě dk of 2n ` 1

ù dim “ p2n ` 1q
2

´
1
2
ÿ

s2
i ´

1
2
ÿ

odd
ri

where si “ |tj | dj ě iu| and ri “ |tj | dj “ iu| in a partition rd1, . . . , dk s of
2n ` 1.
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Wave front set
For semisimple Lie groups, π admissible representation of G ,
WFpπq “ closure of a union of nilpotent orbits in g (under AdpGq)
Nilpotent orbits are listed in Colligwood & Mc Govern, Nilpotent orbits in
semisimple Lie algebras
For SOp2n, 1q, there are 2 nilpotent orbits

`

`

`...
`

´

` ´ `

`

`

`...
`

Dimension 0 4n-2
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Dimension of the wave front set “ 2ˆ Gelfand-Kirillov dimension
ñ G-K dimension is 2n ´ 1 ñ WF has dimension 4n ´ 2
Corresponding nilpotent orbit is generated by gα

Theorem:

The infinite residue representations Ek has wave front set
corresponding to the nilpotent orbit generated by gα.

Corollary:

Ek ô Components of Hλk α ô nilpotents orbits
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Rank one

G K X “ G{K Σ`

Spinpn, 1q Spinpnq real h. s. tαu

SUpn, 1q SpUpnq ˆ Up1qq complex h. s. tα{2, αu

Sppn, 1q Sppnq quaternionic h. s. tα{2, αu

F4 Spinp9q octonionic h. p. tα{2, αu
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