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0000000000000000000000000 v:MN,,—N,, 0000000

(2) 00000 M, 00000 KxH=GL(V)x (GLU)xGL(U))0 000000000
K'=0(U)xO0()000000o0 N,,/K' 00000000000K 0000000000
0000000000000000D0 Grass,(V)0OOOO0OOO

‘ﬁp,q//K/ — Zpyq

00000000 £, ¢ LGr (V) 00000 K-0OOOODDOOO0ODOOO00O0000
Grass,(V) 0000000000 Sym(7) @ Sym(Q*) 0000000 DOOOOO Sym O
000000000 0000000

oooooooooobo e-Ob0obOobobboobbOoooooboboooobOoDOobO
(000)DOO0DO0DO0O0O0DO0O0O0000000U00DODO0D0O0oO0O00oU0O0 P=P- 00000 p
ogn

p=tast (000 s=sT@s 0 KODODODOOODODOODOD) (5.9)

0 Lewi0ODODODOOODOO LTO0O (1.4) 0000000 V=LTOOODDOODOOOOO
O0000Kg=U(LT)(0DOO0O0OO0)0000000000O0O00O0O0OOO0OOOOO0O KOO
0 @QO0O000 KO VOOUOODOPO LwiDOOOODODO)O

0000 Lagrange 1000000 Grassmann 000 LGr(V)=Sp(V)/P(P=P7)000
googo

T*LGr(V) = Sp(V) xp (s7)* = Sp(V) xp s~
000000000 O0GE=Sp(V) 00000000 LO 000000 0OO0OUOODDOOO0oO0Oo

00000000 p:T*LGr(V) —s0 [g,2] € Sp(V) xps~ 0000 p(lg,z]) =¢g-20000
00 (¢g-x00000000)00D0DOOO0ODOOOOODOOOOOOD [CEY7OODOODOOO

oob 5.5. 00000 ﬁpquDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
uobooooood

mp,q
T3 LGr( {pt}
‘% \

0000000 »0000O0DO0OODODO (+e) OO OODOODOODO u:T}pqLGr(V)H@)p,q
goboobboooobooooon
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6. -000 ¢-000 : OOOODO

0000000000000000000000000000000000000000 Gk
0oO0000ooooo

§10000000000000000 WOOOOOOO00O000000 G=Sp(W)O0o0oO
00 (00000)00000 G=Mp(W)0DOOOOO0OO0O0000000000GO Weil O
0 00000000000 wOOOOOwOOOO0ODOO0OOO ¥ 00000000000000
040 -

AC (W) = [OF,]

000000000 GOOO0 dual pair (G,¢) 0000000000 G—-GOOO0O000O0O
(G,¢)0 GOOOOO0O0O dual pair 0000 Howe O [How89), [How89b] 0000 GO G
0000 Well 00D w0DOOOOO0OO0O0O000000000 dual pair 0000000 6-00 O
0000000000000000000000

00 w* 000 wg0OO000 w0 ¢C*-0000000000 K-0O0OOOO000 Harish-

Chandra OO QO OO QOO

00 6.1. n,7 00000 G,G'0000000000000
w® »rer  (GxG 00000000)

0000000 0 0 6-0000 000°0000000000000000 7=46(«')0
00 «#=6(r) 000070 « 0 0000 DOODO

00000000000 0 # 00000000070 «® 0000000000000
00000000000000000000000 G,¢'00000000000000000
00000 00000 G- GO0 (%) 00000000000000000 genuine O
00000 (0000 #0000000000000)0

00 r=6(x) 000000000

b ={p:wg »7: (¢, IN(')—D 0} = Hom(g, f(/)(wK,ﬂ")
0000 Ogxg 000000
o / ’
wig / ﬂweéﬂ/ Kerp =Q(r) @7 (6.1)
00000 O0Q(r) 0 Harish-Chandra (g, K)-00000000 Q)0 ¢-000000000
0Qx)0000000000 ([How89b])O

(1) Q(+) 0000000000 Harish-Chandra 0000000000000000000
ooo

(2) Q(x)00000000000000000 »=6(+)0000000

(3) Q(+) 0000 U(g) 0000000000000 0(@MO0000000000)

00 ¢-0000000000000000000000000000 HoweOOOOOOOO
0 [$SS4] (00O D0O0O0OO0OO0OD0)0000000000

400000000000000000000000000000000000
0000 ¢~ 00000000000000 wgDOOODO Harish-Chandra (g, K)-00 00000000000
boboooooooobooooboooooboooooo
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7. 00oo00og e-oboobooon

000 G¢'0 ¢'000000000000G =G'xZ, 0000000000000000
00 GO0 splitDDDDDDDDé/D split 00000 0 000000 Z, 000000
00000000000000 ¢'00000000000000 &0 genuine 0 0O 0O0O 1~ 0
000000 e-000 Q1Y) 0D0o0oooooooo

00 Q1™ 0000000 ooO00000o0ob0ooO00o0oooooooooooOooooO
HRERE

00 7.1. dual pair (G,G') O (Sp(2n,R),0(p,q)) 000 p+¢q0 000000 (O(p,q),Sp(2n,R))
00000000000 G'0 split 000000 6-000 Q1) 0000000 oooooo
NOODO dual pair OO OO QO OOOO D@Z%//K&CﬁDDDDDDDDDDDDDDDD
gon

1) Q1> 000000 AV(QA™)0 000000

(2) Q1) 000000000 70000 AV () C © 0000 OGelfand-Kirillov 00 Dimr
00000000 0o0oooU0oOO000D AC(my)DOUDDOODOODOODODOUOO 100DODOO
0 r=61~)00000AV (1) ce000000

00 7.2.00000 (G,G")0 Hermite 00000000 dual pair 00000000 el split
0000000000000 dual pair 0 Hermite 00000000 GOOO G0 Hermite
000000000000 booobobobbO000bOdual pairJ0000O 0O Hermite 00O O
O00oooog Sp(2n,R), U(r,s), 0*(2n), O(2,n) 00000 0OG, G 0000000O0O0OOOO
oooo

00.000000000000000

00 KOOOODO Q™) S+« 0000000000000000000000 K xK’
000000 CM)~HOO0OO0000 KOOOOOO0O0O000000000 (S(g),K)000
00000 grQ(1™) S CMXc 000000 000CMA 00000000 00nd NY/KL=0
0000000000000000000 (1)0000000

00 00000000000~ 00000000000 Q1™ 00000 X, 0000
grX, —grQ(1~) S CMAc 0000000000000 00 0000000000 DON
Do0 ¢fe~H5e 0 KOOOODOOOOOOOOOOOOOOOOOO0OO0O000 100
D00D00000 Dimrs 000000 Hilbert 0000000000000 OD0OOODOO

0000000000 0000000000000000 (2)000000 O

000000000000000000000000000000000000 0000

AV (0(7")) C 0(0) (000 AV(r)=0'0000) (7.1)
0000000000000 [NZ04, Proposition 3.12) 00000000

. JO0DOoOoOooo 6000

00000, 000000 dual pair (G,G') = (Sp(2n,R),O(m,m)) 00000000000
0 ¢-00000000000000000000000 dualpair 0 n00000000000
000000000000 000000000000000000000000000 dual pair
0000000000000000000000000000000000000000000
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Hermite 00000 dual pair D00 0000000000 OODOODOOOOCOOCOOOOOO
goooo

n000000000 dual pair (G,G') = (Sp(2n,R),0(m,m)) 0000000000 G,&
000 split0 00000000000 ¢-000000 »,+0 G,¢ 0000000000 G,&
00000000000000000000000 m«'0 G,G'0000006-000 6-000
00000 G6,¢'0000000000000000

00 V=R*»[00O0OOO0OOODOOOOOOV =WV,el, 00ODOOOO0ODOOO P =
Pr = Stabg(V1) O VyOOOOOO GO0000000000000% PO LeviDOO P =
GL(Vi) x Sym (V;) 000000000000 00000 Levi 00O GL(Vi) ~ GL(n,R) 0 O
O |a|” = |detal” (a € GL(V1)) 00O sgn(a) =sgn(deta) (e € GL(V1)) DO OO0OOOOODO
000000000 POOOODODOODDOODO eeZy={0,1} 000 veCOUOODDODOD
ggoon

Fv)={f:G—C:C>]| f(pg) =sgn(p)Ip|”"f(g) (p € P,g € G)}

0000 (00000000000)0G00000000000000000000000 I°() =
I(»)0OOO0OO0000O00
00 Lee-zhu 000000 00000000 4-0000000000000000

00 8.1 ([LZ97)). /=10 O(m,m) 0000000000

(1) 000 (2m<n)00000 Q1)00000007=6(1)=Q1)000000

(2) n<mOD0070Q1)0 POOOOOOOOODOOOO I(m)0000000000
Q(1)0000000000000000000

n/2 0 mUdO0o000
n/2+10 mOO000O0

ubbooobobooobooooboboooo

00000 I(m) 00000000 Hasse 00000000000 ([Lee96] 0080
n=6:m>700000

e : unitary , o : non-unitary , ® : unitary if m=n+1
Sbooooooooooon 0000000000000 P~ =P, 00000 Sp(2n,C)00000OOO
Oo0O0oP NSp(2n,R)=U(n) 0000000 UO0OD PRRODOOOCOOOODOOODO

‘0000000000000
8[L6696]D[IEIDEIDDDDDDDDDDDDDDDDDDDDDDDDDD Ilm)0000O00O0O0OOODOOO
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n=6:m>600000

®
7N
O o)
N N
o o) o
SN SN SN
[ ] [} [} [ ]
e : unitary , o : non-unitary , ® : unitary iff m =n

00000 I(m) 0000 m>n0000 n=60000000000m00000000
0 (n/2+1)00000000000000mO00000000000000O00000000
0000 »/20000000000000000000000000000000000000
00000000

00 m»O00000000000000(000)0 me00000 ((41)00000000
000000 mo, mo2—2,.--,72 0000000000000 00000000000000
(0 (n/242)00)0000000 Typ_t1,M30-3.--, 1,1 D000

00 mO00D0DD0D0D000000000(0O00)0 m, 0000¢t<n/20000000 ¢
00000D000000000 w1, m30t-3,...,7T%—1, 00000000000000000
(n/2+1) 000000000 momn, T2n_2,-.-,Tno 0000

0000000000D0000000 7,0 mOOO0DDDO00000O0000000D0
00000000 74000000000

00 8.2. 00000 I(m)0000000000000000000O {r,} 0000

(1) 000000000000000000 AV(ry) = 0., 000000 m 00000
AV (0(1))={0} (0ODDDOD)D0DDODO AV (A1) =0,, 0000

(2) p+¢=n0000m7,,, 00000000000 10000.AC(mp,) =[0,, 0000

n=60000000000 I(m)0DO0ODDOOOO0O0O0O0O0OD Hasse JOOODOOOODOOODO
gboooooooboboobboonoon

n=6:m>700000

00,0
PN
Oo,2 02,0
SN N

00,4 02,0 04,0

P N NN
Qo6 02,4 Q4,2 Os,0

N N SN S

015 03,3 Os,3
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n=6:m>600000

Oy

@/\
@/\/\
/\/\/\

Qo6 03,4 Q4,2 Os,0

O0boooDobobobdb HassseUODDODOODOOOOOOOOOmOOODODOOOODO
0000200000000 (D00)000000O0O0O0OOOO0O0O0O0O0O0OO 200000
000 I(m)=0(1) 0000 Gelfand-Kirillov 000000000000 O0O0O0OOOOOO ©
gobooobboooooooooooooboobon

[CG97]
[DKP02]

[DKP05]

[Hel0O]

[How83)]
[How89a]
[How89b]
[How95]
[Kin04]

[Kos63]
[KP79]

[KP81]
[KRT71]
[KR90]
[KV78]

[Lee96]

REFERENCES

Neil Chriss and Victor Ginzburg, Representation theory and compler geometry, Birkhduser Boston Inc.,

Boston, MA, 1997.

Andrzej Daszkiewicz, Witold Kraskiewicz, and Tomasz Przebinda, Dual pairs and Kostant-Sekiguchi

correspondence. I, J. Algebra 250 (2002), no. 2, 408-426.

Andrzej Daszkiewicz, Witold Kraskiewicz, and Tomasz Przebinda, Dual pairs and Kostant-Sekiguchi

correspondence. II. Classification of nilpotent elements, Cent. Eur. J. Math. 3 (2005), no. 3, 430-474

(electronic).

Sigurdur Helgason, Groups and geometric analysis, Mathematical Surveys and Monographs, vol. 83,

American Mathematical Society, Providence, RI, 2000, Integral geometry, invariant differential opera-

tors, and spherical functions, Corrected reprint of the 1984 original.

Roger Howe, Reciprocity laws in the theory of dual pairs, Representation theory of reductive groups

(Park City, Utah, 1982), Progr. Math., vol. 40, Birkhéuser Boston, Boston, MA, 1983, pp. 159-175.

Roger Howe, Remarks on classical invariant theory, Trans. Amer. Math. Soc. 313 (1989), no. 2, 539—

570.

Roger Howe, Transcending classical invariant theory, J. Amer. Math. Soc. 2 (1989), no. 3, 535-552.

Roger Howe, Perspectives on invariant theory: Schur duality, multiplicity-free actions and beyond, The

Schur lectures (1992) (Tel Aviv), Israel Math. Conf. Proc., vol. 8, Bar-llan Univ., Ramat Gan, 1995,

pp. 1-182.

Donald R. King, Classification of spherical nilpotent orbits in complex symmetric space, J. Lie Theory
4 (2004), no. 2, 339-370.

Bertram Kostant, Lie group representations on polynomial rings, Amer. J. Math. 85 (1963), 327-404.

Hanspeter Kraft and Claudio Procesi, Closures of conjugacy classes of matrices are mormal, Invent.

Math. 53 (1979), no. 3, 227-247.

Hanspeter Kraft and Claudio Procesi, Minimal singularities in GLy, Invent. Math. 62 (1981), no. 3,

503-515.

B. Kostant and S. Rallis, Orbits and representations associated with symmetric spaces, Amer. J. Math.
3 (1971), 753-809.

Stephen S. Kudla and Stephen Rallis, Degenerate principal series and invariant distributions, Israel J.

Math. 69 (1990), no. 1, 25-45.

M. Kashiwara and M. Vergne, On the Segal-Shale-Weil representations and harmonic polynomials,

Invent. Math. 44 (1978), no. 1, 1-47.

Soo Teck Lee, Degenerate principal series representations of Sp(2n, R), Compositio Math. 103 (1996),

no. 2, 123-151.



gooooooooDboo 19

[Li89] Jian-Shu Li, Singular unitary representations of classical groups, Invent. Math. 97 (1989), no. 2, 237—

255.

[LZ97] Soo Teck Lee and Chen-Bo Zhu, Degenerate principal series and local theta correspondence. II, Israel
J. Math. 100 (1997), 29-59.

[LZ98] Soo Teck Lee and Chen-Bo Zhu, Degenerate principal series and local theta correspondence, Trans.

Amer. Math. Soc. 350 (1998), no. 12, 5017-5046.

[Nis00a] Kyo Nishiyama, Multiplicity-free actions and the geometry of nilpotent orbits, Math. Ann. 318 (2000),
no. 4, 777-793.

[NisOOb] Kyo Nishiyama, Theta lifting of two-step nilpotent orbits for the pair O(p,q) X Sp(2n,R), Infinite
dimensional harmonic analysis (Kyoto, 1999), Grabner, Altendorf, 2000, pp. 278-289.

[Nis04]  Kyo Nishiyama, Classification of spherical nilpotent orbits for U(p,p), J. Math. Kyoto Univ. 44 (2004),
no. 1, 203-215.

[Nis05] Kyo Nishiyama, A note on affine quotients and equivariant double fibrations, Infinite dimensional har-
monic analysis III, World Sci. Publ., Hackensack, NJ, 2005, pp. 197-212.

[NOZ06] Kyo Nishiyama, Hiroyuki Ochiai, and Chen-Bo Zhu, Theta lifting of nilpotent orbits for symmetric
pairs, Trans. Amer. Math. Soc. 358 (2006), no. 6, 2713-2734 (electronic).

[NZ04] Kyo Nishiyama and Chen-Bo Zhu, Theta lifting of unitary lowest weight modules and their associated
cycles, Duke Math. J. 125 (2004), no. 3, 415-465.

[Oht05] Takuya Ohta, Nilpotent orbits of Zi-graded Lie algebra and geometry of moment maps associated to
the dual pair (U(p,q),U(r,s)), Publ. Res. Inst. Math. Sci. 41 (2005), no. 3, 723-756.

[Pan99] Dmitri I. Panyushev, On spherical nilpotent orbits and beyond, Ann. Inst. Fourier (Grenoble) 49 (1999),
no. 5, 1453-1476.

[VP94] E. B. Vinberg and V. L. Popov, Invariant theory, Algebraic geometry. IV (I. R. Shafarevich, ed.),
Encyclopaedia of Mathematical Sciences, vol. 55, Springer-Verlag, Berlin, 1994, pp. 123-278.

[SSS4) D 400000000000000 (0000 (0)), Weil D000, 1996.

DEPARTMENT OF MATHEMATICS, GRADUATE SCHOOL OF SCIENCE, KyoTo UNIVERSITY, SAKYO, KYOTO
606-8502, JAPAN
E-mail address: kyo@math.kyoto-u.ac.jp



