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[4]
G<IcK

B.Y.Chen
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V 67� x�Á ¦ Ka�:V��7�7�Â£ ¾ �Ã¯�`L��D7ÄHGJILKª�~^�£hÅvÆJ¹H|P�

1 Ç,ÈÉ7Ê
1.1. Ë±ÌzÍ k 8:9<; (N, g) ��ÎÐÏjÑHÒ�Ó:Ô<ÕvÖ GJ¢v|�TWI , ×7Ø p ∈ N

xPqÙ¯h�eÚ�V�Û:ÜÀ£hÝ�`�¹
N
V�Þ7�7ß7à

sp �Lá7â ¹H|j�jT±GJ¢v| :

1. sp

I
involutive (i.e., sp ◦ sp = idN ).

2. ã � Ø:ä7å F (sp, N) = {q ∈ N | sp(q) = q}
V:N�G Ø p

I�æ7ç Ø .è�é
1.2. êJë K Ë±ÌzÍ k²q:sJtvujIWì<í�TÐî:�a¹H|P�É7Ê
1.3. M, N

£ Ë±ÌzÍ k²q:sJtvu°Tm¹H| . C∞ ïJðzñ f : M → N � , ×7Ø p ∈ M
xPqÙ¯h�

f ◦ sp = sf(p) ◦ f£eòv`�¹°Teóex
, Ó:Ô<ÕvÖ:ô�õHöe÷ Th�Àø . ù x , ú YPû f : M → N � C∞ ï7ü 6 YPý ðzñ VoTeó , f

£
öe÷ TmþJÿ , M

T
N
I q:sJtvu°T:¯h�vYPûHGJ¢v|�Th�Àø

.É7Ê
1.4. ËmÌ�Í k 8z97; (N, g)

V~ì7í 4�6:8�97; M � �������	��
���
�� Gv¢7|ZT~I , ×�Ø p ∈ M
x�q¯h�

p
£��Â|~�7��� ����������x�¸À¯h��� � N

V��7����x:�J|�TeóPGJ¢v|
.

���
1.5. Ë±ÌzÍ k²q:sJtvu N

V! #":YPû ðzñ σ
V ã � Ø:ä7å F (σ, N)

VWì<í�$ 6 I ,
}7�7�a�<GJ¢v|

.

%��
1.6. ËmÌ�Í k_qzsvt<u (N, g)

VW}:�:�J� 4:6:8�9:; M
I&�����'�Zxe¸Â¯±� Ë²Ì�Í k_q�s<t<uJx��v| .è�é

1.7. êvë K ËmÌ�Í k�q�svt<u N
VW}:�:�J� 4:6:8�9:; M

£ �'
 Õ<Ö T²þ�(Z�JT~x�¯�K ËmÌeÍ k_q�stvujIjiJkmlonUp�TÐî:�a¹H|P�
Ú�ILK

[2]
GL��)°¿W^a` 476 tvu<GJ¢v|P�É7Ê

1.8 ( * �,+.-�/ ÕvÖ ).
ivk²l�n�p ËmÌ�Í k_qzsvt<u N

V�0 Ø o
x�qU¯m�

, ã � Øzä:å F (so, N)
V~ìí�$ 6 £ N

x:ya{v|
o
V * � TW�°ø . ù x Ø p ∈ N

£&1!2	3<�À£
N+(p)

T54H¹
.
¥ `eK

N+(p)
xcqÃ¯�

, ã � Ø7ävå F (sp ◦ so, N)
V Ø p ∈ N

£.�À|~ìví�$ 6 £&3<� N+(p)
xcqH¹Z| -�/ ÕjÖ T~�<� , N−(p)T64a¹

.É7Ê
1.9 ( 7�8 ). Ë²ÌeÍ k�q�s<t7u N = G/K

V937«J��:'; 4�6 t7u AN

I&<j�7x
G å Y�G<¢:| . dim AN£

N
V 7�8 Th�7� , r(N)

G=4a¹
.
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2 > ?A@CBEDGFIHKJ LNM ?A@POQHKJ� ¥ K<b�d f~VP�<���Zijk±lªnUp ËhÌzÍ k²q:sjtvu N
V#3J« 4<6 tJu M

£ 6<� ¹Z|:`�Rvx�KTS�U ú Yû
f : M → N

£�V ¦ |L���eVªTzóWK
r(M) 5 r(N) � $<çH¹�|c� [2]

x�yv�7�:K
M
IL :¡Z� 6<� Gj¢j|:VGzKzD7E7FHGJILK

M
Ic �¡�YPû � £h}H��W#XÃ¯h� 67� £.Y]ø �Z`�Z�¯²K N

VTS:ì<í7��IPî:�a¹H|P�Â�LVoTó~K�Ú�V���[ � $]\ ça���É�^
2.1 (Chen – Nagano([2])). M, N

V#0 Ø £7�e^`_e^ oM , oN

T7¯
, cM , cN

£ �e^`_�^
oM , oN

£
�À|	az�<���]T±¹�|

.
�eVªTzó

, cM , cN b V oM , oN

Vcq�c Ø £:�e^`_�^ pM , pN

T±¹Z|
. f : M → N

£
f(oM ) = oN , f(pM ) = pN

GJ¢v|&S�U ú YPû�Tm¹H| .
�LVoTeó

, f
IPÚ�VÂf_�jVTS�U ú YPûÂ£�dHófe��W¹ :

f+ : M+(pM ) → N+(pN ), f− : M−(pM ) → N−(pN ).

¹J��g`h
, N

V 476 tvu M
xPqÙ¯h�

, M
VT37��T�R�i7tvujI

,
�L^j_L^

N
VT37��T�R�i7tvujV 476 tvux:�J|

.�eVP��[oIeK 4v6 tJuvGj¢j|:`�RvV#k�l<Û7Ü°£�´ ¦ |L� ¥ `e«:¬H� 6<� £&YgøW`�RJxcÚ�VP��[ � k�l�G¢v|P�
É�^

2.2 (Nagano([10])).
ivk²l�n�p ì7í:�:� Ë²Ì�Í k_q�s<t<u N

I µ'm V�3:� N+
T§R�i:t<u

N−
x���c��n�}�x ¾ �°¿W^Z| .

¹J��g`h
,
¢v|viJkmlonUp³ì<í7�7� Ë±ÌzÍ k²q:sJtvu M

VT37�
M+

T�R�i7tvu
M−

xPqÙ¯h�
M+ ∼= N+ , M− ∼= N−

�Â\&o
M ∼= N

GJ¢v|
.Á ¦ �zK

[2]
VP¨�©À£W«�¬a��¨�©oxW­j®�¯_KPbedgfhV��7���aiJkmlonUppS:ì7í ËmÌ�Í k_q:s<tvu N

VT3v«
476 tvuZ£ 67� ¯�`L� ¥ `PÚ�V�í�qsrut�vÙ¯�`L�

1. A.Borel – J.Siebenthal([1])
xH��|PK�iJkmlonUppS�w

Lie x VTyv«Jbed�VT3v« Lie 476�x V 67� �
2. J.A.Wolf([15])

xH��|PK<bedIz§VjiJkmlonUprq:sJtvujV 476 tvujV 67� �
3. {�| –

M=}
([3])

xH��|PKc��~��7û�VjiJkmlonUprq:sJtvu<w<V�yv«vbed�VT3<« 4�6 t<ujV 67� �v�7��GzKq:sJtvu
M = G/K � ��~��7û�TWILK r(M) = r(G) � $]\ ça�o�jT_�

ê b �!\ K�����IPÚ�V���[Â£h[�`L�É�^
2.3 (Kimura – Tanaka([4])).

bLd]f±VJi<k²l�n�p�Szì7í:�:� Ë²Ì�Í k_q�s<t<u N
V�37« 4:6 t<u

M
IT4

1
G�´ ¦ \_^Z|P�

3 �G��������D�B
���HGL[]\_^a`T3v« 476 tvujV��7�7�Â£ ¾ �a¹H|P�:� ¥ K'S�U ú YPû f : M = G/K → N = U/L

xPqÙ¯�zK
[11]
xH�!\ K

f
V

index(f)
IPÚaG�´ ¦ \_^Z|P�

index(f) =

k
∑

i=1

∑

λ∈D(G)
aλ>ai

dim HomK(Vλ, (m⊥
i )

C

) dimVλ (#)

�7��GzK
D(G)

I
G
V��7��4��

(λ, Vλ)
V:Y#� � } ; V ä7å £.4a¹c� ¥ `LK G

T
U
V

Lie � £��L^j_L^ gT
u
K

M
T

N
V&� ú�6�� £z�c^�_c^ g = k⊕m

T
u = l⊕ p

T²¹j|��
u
x�yv{7|

g
V#���'�vt<ua£

g⊥
T²¹|�T_K'S�w

G-module 6�� g⊥ =
∑k

i=1 g⊥i
£h[ª|P�

m⊥ := p ∩ g⊥
K

m⊥
i := m⊥ ∩ g⊥i

T:¯²K
aλ

I
G
V��7�

4��
(λ, Vλ)

V
Casimir � ¼'�oV ã#� �JK ai

I
G
V��7��4��

(µi, g
⊥
i )
V

Casimir � ¼'�oV ã#� �Â£.4a¹c�
f � �7� � M � �7���HGJ¢v|�`�R<VTk�l�� 6 Û:ÜoILK index(f) = 0

GJ¢v|P���7���aiJkmlonUp³ì<í Ë±ÌzÍ
2



k²q:sJtvujVT37��T�R�i7tvuJV��:�7�ZIcK
[14]
xH�z��� ¾ �°¿W^v�<�j| .

¥ `7¢v|~½�V 476 tvujV����7��rhK
[7]
K

[8], [12]
K

[13]
G ¾ �°¿W^v�<�j|P�°�7��GJILK N � A2, G2

û�VoTeóex����c�LÅvÆJ¹H|P����VT  å V���7��x��v�:�JILK
[5]
£.t�vÀ¿W^a`����

3.1 A2 ¡£¢¥¤9¦9§©¨«ªA¬­¦9§©¨A®A¯A°±���² Ì p´³ A2

û�VPq:sJtvujILK
AI(3) = SU(3)/SO(3), SU(3) = (SU(3) × SU(3))/SU(3), AII(3) =

SU(6)/Sp(3)
T

EIV = E6/F4

GJ¢v|P�o�~^U\~VT3v« 476 tvujV��7�7�Â£ ¾ �a¹H|P�
AI(3)

VT  å :
3v« 476 tvujILK RP 2

y��cÿ
S1 · S2

GJ¢v|P�
RP 2

IT37�JK
S1 · S2

I�R�i7tvu<GJ¢v|�VGzK
[14]

�!\ K
RP 2

ITµ7�7�JK
S1 · S2

I��7�J�
SU(3)

VT  å :
3v« 476 tvujILK AI(3), SO(3) ,CP 2

y��cÿ
S1 · S3

GJ¢v|P�
CP 2

IT37�JK
S1 · S3

I�R
i:t<u:Gv¢<|zV�GeK

[14]
�j\ K

CP 2
I�µ:�:�<K

S1 ·S3
IW�:�v� ¥ `cK

AI(3)
I

Cartan ¶ R�·ZòzGv¢�\ K [8]�!\ K'µ7�7�J� ¥ `LK
[7]
�!\ K

SO(3)
ITµ7�7�J�

AII(3)
VT  å :

3v« 476 tvujILK SU(3), CP 3, HP 2
y��cÿ

S1 · S5
GJ¢v|P�

HP 2
IT37�JK

S1 · S5
I�R

i7tvu<GJ¢v|�VzGzK
[14]

�!\ K
HP 2

ITµ7�7�JK
S1 · S5

I��7�J�
%��

3.1. ¸ 1 ðzñ f : G/K = (SU(3) × SU(3))/SU(3) → U/L = SU(6)/Sp(3)
ITµ7�7�J�

¹jº
. [6]

xZ�»\
, SU(3)

I
AII(3)

x�yv�7�=¼�½ 4<6 tJuJGj¢s\ K Hermann � ¼�VP}<�v�H��¾�¿�Ga¢J|c����c��K� À"7YLû x V ú YLû ρ : G → U
IeK q7svq

(SU(6), T · (SU(3) × SU(3))) Á \&dZó�eÙ�7¿�^�|c�
ρ
V ü 6 £�Y 9 x ρ

G�4�¯mK
u = ρ(g) ⊕ g⊥

T±¹Z|oT²K
g⊥ ∼= R ⊕ ToG3(C

6)
Ga¢s\ Kª�eV	��Â 6�� I#S�w

g-module 6�� GJ¢v|P� g⊥1 = R, g⊥2 = ToG3(C
6)
Tm¹H|�T_K

g
V

g⊥1 Ã V � ¼ZI! º GzK g
V

g⊥2 Ã V � ¼I
G3(C

6)
VT��Ä!Å!ÆÂpÈÇ�É Ì 4���V g Ã VT±��°T~Y#�J�a�~^ Á \�K g

V
g⊥2 Ã V � ¼ZV Casimir � ¼'�oVã#� ��I −16/3

T~�s\ K
(#)

I
index(f) =

∑

λ∈{0, $1(A2)+0, 0+$1(A2),
$2(A2)+0, 0+$2(A2)}

aλ>−16/3

dim HomSU(3)(Vλ, (m⊥
2 )

C

) dimVλ

�

� ¥ K
m⊥

2
∼= ToCP 3

G�K
SU(3)

V
m⊥

2 Ã V � ¼�I CP 3
V#��Ä»Å»Æ°pÊÇ�É Ì 4�� T + $2(A2)

V
SU(3)

Ã V=±`�ÙT�Y=�H�Â���c�:K SU(3)-module
T<¯W�

(m⊥
2 )

C
= V$2(A2)

£W[°|L�
λ = $2(A2) + 0

xeq�¯W�7K
Vλ = V$2(A2) ⊗ C

GJ¢�\ K
SU(3)-module

T:¯h�JI
Vλ = V$2(A2)

GJ¢v|P�ª�~^ Á \�K index(f) 6= 0
�

�

%��
3.2. ¸ 1 ðzñ f : G/K = SO(6)/U(3) → U/L = SU(6)/Sp(3)

ITµ7�7�J�
¹jº

. [6]
xa�j\

, CP 3
I

AII(3)
x�y7���#¼�½ 4:6 t<u:Gv¢�\ K Hermann � ¼HVW}:���j�=¾�¿HG<¢<|��<�e��zK, #":YPû x V ú YPû ρ : G → U
ILK q:s<q

(SU(6), SO(6)) Á \.dHófe��:¿W^Z|P� ρ
V ü 6 £�Y 9 x ρGÀ4Ù¯�K

u = ρ(g)⊕ g⊥
T²¹a|HT�K

g⊥ ∼= ToAI(6)
Gv¢,\ K

g⊥
I&S�w

g-module
G<¢<|��z� ¥ \ K

g
V

g⊥ ÃV � ¼aI AI(6)
V���Ä`Å`Æªp5Ç�É Ì 4��ÃT±YT�v�À�h^ Á \�K g

V
g⊥ Ã V � ¼HV Casimir � ¼	��V ãT� �ZI

−12
T~�s\ K

(#)
I

index(f) =
∑

λ∈D
aλ>−12

dim HomU(3)(Vλ, (m⊥)
C

) dimVλ

K
�e�mGcK

D = {0, $1(A3), $2(A3), $3(A3), 2$2(A3), 2$3(A3), ($1+$2)(A3), ($2+$3)(A3), ($1+$3)(A3)}.� ¥ K
m⊥ ∼= ToSU(3)

G�K
SU(3)

V
m⊥ Ã V � ¼�I SU(3)

V#��Ä»Å»Æ°pÊÇ�É Ì 4�� ($1 + $2)(A2)
TWY

�J�
SU(3)-module

T:¯h�
(m⊥)

C
= V($1+$2)(A2)

£h[ª|P�j� ¥ K
λ = ($2 + $3)(A3)

£
SU(3)-module

x
6�� ¹H|�T_K [9]

xH�!\
V($2+$3)(A3) = V2$2(A2) ⊕ V($1+$2)(A2) ⊕ V$1(A2) ⊕ V$2(A2).�~^ Á \�K index(f) 6= 0
�

�

3



EIV
VT  å :

3v« 476 tvujILK AII(3), HP 3, S1 · S9
y��cÿ

OP 2
GJ¢v|P�

OP 2
IT37�JK

S1 · S9
I�R�i7tu<GJ¢v|�VzGzK

[14]
�!\ K

OP 2
ITµ7�7�JK

S1 · S9
I��7�J�

%��
3.3. ¸ 1 ðzñ f : G/K = SU(6)/Sp(3) → U/L = E6/F4

ITµ7�7�J�
¹jº

. [6]
xa�j\

, AII(3)
I

EIV
x�y7���#¼�½ 4:6 t<u:Gv¢�\ K Hermann � ¼HVW}:���j�=¾�¿HG<¢<|W���e���K� À"<Ycû x V ú Ycû ρ : G → U
IeK�q7svq

(E6, SU(6) · SU(2)) Á \&dZó�eU�<¿�^�|c� ρ
V ü 6 £zY9 x ρ

G	4�¯mK
u = ρ(g) ⊕ g⊥

T±¹Z|�TmK
g⊥ ∼= su(2) ⊕ ToEII

Gj¢«\ K
g⊥
£&S�w

g-module 6�� ¹Z|�T²K
g⊥ = {g⊥i }

3
i=1 ⊕ g⊥4 ⊕ g⊥5 .

�7��GzK
g⊥i

∼= C, g⊥4
∼= g⊥5

∼= V$3
(A5)

GJ¢v|P�Â�~^ Á \�K g
V

{g⊥i }
3
i=1 Ã V �¼ZI! º GzK

g
V {

g⊥i
}

i=4,5 Ã V � ¼ZI EII
VT��Ä!Å!ÆÂpÈÇ�É Ì 4��Â£ SU(6) Ã ±��À¯�`jrLVoT~Y#�J�J�^ Á \�K g

V {

g⊥i
}

i=4,5 Ã V � ¼ZV Casimir � ¼'�oV ã#� ��ILKH�L^j_L^ −21/2
GJ¢�\ K

(#)
I

index(f) =

5
∑

i=4

∑

λ∈D
aλ>−21/2

dim HomSp(3)(Vλ, (m⊥
i )

C

) dimVλ

K

�<�PG:K
D = {0, $1(A5), $2(A5), $4(A5), $5(A5)}.

� ¥ K
m⊥ ∼= ToHP 3

G
, m⊥

i = {0} (i = 1, 2, 3)
�V:G

m⊥ = m⊥
4 ⊕ m⊥

5

Ga¢a|L�
m⊥
I

HP 3
VÀ��ÄËÅÌÆ°puÇ`É Ì 4��ªV=4��HtjuUTPYLû�Ga¢j|Z�ZT Á \±K

(m⊥)C = V$1(C1) ⊗V$1(C3)

T±�v|��
V$1(C1) ⊗V$1(C3)

£
Sp(3)

x�±��:¹j|ZT
, (m⊥)C = V$1(C3) ⊕V$1(C3)

��±^ Á \§K (m⊥
i )C = V$1(C3) (i = 4, 5)

T±�<|
.
� ¥ K

λ = $5(A5)
£

Sp(3)
x&±���¹j|aT

, [9]
xj��\

V$1(C3)T~�J|P�Â���c�zK
index(f) 6= 0. �

%��
3.4. ¸ 1 ðzñ f : G/K = Sp(4)/ (Sp(1) × Sp(3)) → U/L = E6/F4

ITµ7�7�J�
¹jº

. [6]
xH�!\

, HP 3
I

EIV
xzy<�:�À¼�½ 476 tvu<GJ¢�\ K Hermann � ¼ZV�}7�7�a�	¾�¿ZGJ¢v|P������zK� #":YPû x V ú YPû ρ : G → U
ILK�q:s<q

(E6, Sp(4)%) Á \.dHófe��:¿W^Z|P� ρ
V ü 6 £�Y 9 x ρ

G
4Ã¯²K

u = ρ(g)⊕ g⊥
Tm¹H|�T_K

g⊥ ∼= ToEI
GJ¢�\ K

g⊥
ITS�w

g-module
GJ¢v|P��� ¥ \ K

g
V

g⊥ Ã V �¼HI
EI
V���Ä`ÅjÆªp5Ç�É Ì 4��ÃThYT�<�H�h^ Á \ÐK g

V
g⊥ Ã V � ¼HV Casimir � ¼���V ãT� ��I −18

T�s\ K
(#)

I
index(f) =

∑

λ∈{0,$1(C4),$2(C4)}
aλ>−18

dim HomSp(1)×Sp(3)(Vλ, (m⊥)
C

) dimVλ.

� ¥ K
m⊥ ∼= ToAII(3)

G�K
Sp(3)

V
m⊥ Ã V � ¼HI AII(3)

V&��Ä`Å`Æªp6Ç�É Ì 4�� $2(C3)
ThYT�v��¹v�

g`hPK
Sp(3)-module

T:¯h�
(m⊥)C = V$2(C3)

£h[ª|
. λ = $2(C4)

£
Sp(1) × Sp(3)

xT±��7¹H|�T
, [9]

x�!\
V$2(C4) = (C ⊗ V$2(C3)) ⊕ (V$1(A1) ⊗ V$1(C3)) ⊕ (C ⊗ C).���c�zK

index(f) 6= 0. �

3.2 G2 ¡£¢¥¤£¦­§©¨«ªA¬9¦­§©¨A®A¯¥°±���² Ì p´³ G2

û�VPq:sJtvujILK
G2 = (G2 × G2) /G2

T
GI = G2/SO(4)

GJ¢v|P�Â�~^U\~VT3v« 476tvujV��7�7�Â£ ¾ �a¹H|P�
G2

VT  å :
3v« 476 tvujILK SU(3), GI

y��cÿ
S3 · S3

GJ¢v|P�
GI
IT37�JK

S3 · S3
I�R�i7tvu<GJ¢v|VzGzK

[14]
�!\ K

GI
ITµ7�7�JK

S3 · S3
r ¥ `Tµ7�7�J�

[7]
xH�!\ K

SU(3)
I

G2

xzy<�:�L�7�J�
GI
VT  å :

3v« 476 tvujILK AI(3), CP 2
y��cÿ

S2 · S2
GJ¢v|P�

S2 · S2
IT37��T�R�i7tvu<GJ¢v|�VzGzK

[14]
�!\ K

S2 · S2
ITµ7�7�J�

%��
3.5. ¸ 1 ðzñ f : G/K = SU(3)/U(2) → U/L = G2/SO(4)

I��7�J�
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¹jº
. g2

£
G2

V
Lie � T:¯²K h

£
g2

V
Cartan 476�Í d�Tm¹H|P�H�LVoTeó~K h

x�¸7¹H|
g2

V=² Ì p tvu6�� £m[o| : u = g2 = h
⊕

α∈∆+(g) gα.
� ¥ K

g := h⊕ gα2
⊕ g3α1+α2

⊕ g3α1+2α2
, g

′

:= h⊕ gα1
⊕ g3α1+2α2T²y�ÎLT�K

g ∼= su(3), g
′ ∼= so(4)

Tm�<|~�a�PVZTcó±K
g∩g

′ ∼= u(2)
GeK

(g, g∩g
′

)
IWqzs�q7�z� ¥ K

u = g⊕g⊥Tm¹H|P�Â�7��GzK
g⊥ = gα1

⊕ gα1+α2
⊕ g2α1+α2

GJ¢v|
.
² Ì p tvujV���Ï [gα, gβ ] ⊂ gα+β ⊕ gα−β

�!\ K
gV

g⊥ Ã V � ¼ZI��7�HGzK su(3)
V

C3 Ã V � ¼ÙT~Y#�J�°�~^ Á \�K g
V

g⊥ Ã V � ¼ZV Casimir � ¼'�oVã#� ��I −8/3
GJ¢�\ K

(#)
I

index(f) = dim HomU(2)(C, (m⊥)C).

¥ `zK
m⊥ = gα1+α2

⊕ g2α1+α2 Ã V g ∩ g
′ ∼= u(2)

V � ¼ªIzK u(2)
V

C2 Ã V � ¼]TcY	�Z�7¹H��gËh�K
(m⊥)C = C ⊗ V$1(A1)

£h[ª|P�ª���c�zK
index(f) = 0. �

%��
3.6. ¸ 1 ðzñ f : G/K = SU(3)/SO(3) → U/L = G2/SO(4)

I��7�J�
¹jº

. GI
VT� ú<6�� £ u = l ⊕ p

T±¹�|c�
p
V#3J«�Ð:à 4<6 tJu a

£�Tc|�T²K
a
xz¸v¹Z|

u
V	² Ì p tu 6�� £~[Â| : u =

⊕

α∈∆+(g) lα ⊕ a
⊕

α∈∆+(g) pα.
� ¥ K

g := a ⊕ (lα2
⊕ pα2

) ⊕ (l3α1+α2
⊕ p3α1+α2

) ⊕

(l3α1+2α2
⊕ p3α1+2α2

)
T±y¥Î�T

g ∼= su(3), g ∩ l ∼= so(3)
G

(g, g ∩ l)
IPq:s<qv�:� ¥

u = g⊕ g⊥
Tm¹H|P�Z���GzK

g⊥ = (lα1
⊕ pα1

) ⊕ (lα1+α2
⊕ pα1+α2

) ⊕ (l2α1+α2
⊕ p2α1+α2

)
GJ¢v|

. g
V

g⊥ Ã V � ¼ZI ,
%��

3.5T~Y 9 GJ¢v| Á \�K (#)
I

index(f) = dim HomSO(3)(C, (m⊥)C).¥ `LK
m⊥ = pα1

⊕ pα1+α2
⊕ p2α1+α2 Ã V g ∩ l ∼= so(3)

V � ¼ZILK so(3)
V

R3 Ã V � ¼ÙT~Y#�J��¹J��g`hPK
(m⊥)C = V$1(A1)

£h[ª|P�Â���c�zK
index(f) = 0. �

N N
VT3v« 476 tvu M

AI(3) RP 2, S1 · S2

SU(3) AI(3), SO(3) ,CP 2, S1 · S3

AII(3) SU(3), CP 3, HP 2, S1 · S5

EIV AII(3), HP 3, S1 · S9, OP 2

Go
2(R

n+2) (n ≥ 3) Go
2(R

n+1), Sp · Sq (p + q = n), CP [ n

2
]

Sp(2) Go
2(R

5), S1 · S3, S3 × S3, S4

G2(H
4) Sp(2), HP 2, S1 · S5, S4 × S4, G2(C

4)

GI AI(3), CP 2, S2 · S2

G2 GI , SU(3), S3 · S3

G2(C
n+2) (n ≥ 3) G2(C

n+1), G2(R
n+2), CP k × CP l (k + l = n), HP [ n

2
]

G2(H
n+2) (n ≥ 3) G2(H

n+1), G2(C
n+2), HP k × HP l (k + l = n)

DIII(5) Go
2(R

8), G2(C
5), SO(5), S2 × CP 3, CP 4

EIII G2(H
4)/Z2, OP 2, S2 × CP 5, DIII(5), G2(C

6), Go
2(R

10)

4
1:
bedgfhVjiJkmlonUprq:sJtvuJw<VT3v« 476 tvu

5



ÑÓÒKÔÖÕ

[1] A. Borel and J. Siebenthal, Les sous-groupes fermés connexes de rang maximum des groupes de Lie

clos, Comm. Math. Helv., 23 (1949/50) 200-221.

[2] B. Y. Chen and T. Nagano, Totally geodesic submanifold of symmetric spaces II, Duke Math. J., 45

(1978), 405-425.

[3] O. Ikawa and H. Tasaki, Totally geodesic submanifold of maximal rank in symmetric spaces, Japan.

J. Math., 26 no1 (2000), 1-29.

[4] T. Kimura and M. S. Tanaka, Totally geodesic submanifold in compact symmetric spaces of rank two,

preprint.

[5] T. Kimura and M. S. Tanaka, Stability of certain minimal submanifolds in compact symmetric spaces

of rank two, in preparation.

[6] D. S. P. Leung, On the classification of reflective submanifolds of Riemannian symmetric spaces,

Indiana. Univ. Math. J., 24 (1974), 327-339; Errata, Indiana. Univ. Math. J., 24 (1975), 1199.

[7] K. Mashimo and H. Tasaki, Stability of closed Lie subgroups in compact Lie groups, Kodai Math. J.,

13 (1990), 181-203.

[8] K. Mashimo, On the stability of Cartan embeddings of compact symmetric spaces, Arch. Math., 58

(1992), 500-508.

[9] W. G. McKay and J. Patera, Table of dimension, indices, and branching rules for representation of

simple Lie algebras, Lecture Notes in Pure and Applied Mathematics 69, Marcel Dekker, inc., New

York and Baesel (1981)

[10] T. Nagano, The Involutions of Compact Symmetric Spaces II, Tokyo J. Math., 15 (1992), 39-82.

[11] Y. Ohnita, On stability of minimal submanifolds in compact symmetric spaces, Composito Mathe-

matica., 64 (1987), 157-189.

[12] M. Takeuchi, Stability of certain minimal submanifolds of compact Hermitian symmetric spaces, To-

hoku. Math. J., 36 (1984), 293-314.

[13] M. Takeuchi, Totally complex submanifolds of quaternionic symmetric spaces, Japan J. Math., 12

(1986), 161-189.

[14] M. S. Tanaka, Stability of minimal submanifolds in symmetric spaces, Tsukuba J. Math., 19 (1995),

27-56.

[15] J. A. Wolf, Elliptic Spaces in Grassmann manifolds, Illinois J. Math., 7 (1963), 447-462.

6


