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Abstract
We study homogeneous curves in generalized flag manifolds G/K with G2-type t-roots, which

are geodesics with respect to each G-invariant metric on G/K. These curves are called
equigeodesics. The tangent space of such flag manifolds splits into six isotropy summands,
which are in one-to-one correspondence with t-roots. Also, these spaces are a generalization of
the exceptional full flag manifold G2/T . We give a characterization for structural equigeodesics
for flag manifolds with G2-type t-roots, and we give for each such flag manifold, a list of sub-
spaces in which the vectors are structural equigeodesic vectors.

1. Introduction

1. Introduction
Let (G/K, g) be a Riemannian homogeneous space. A geodesic γ(t) through the origin

o = eK is called a homogeneous geodesic if it is an orbit of a one-parameter subgroup of G,
i.e., γ(t) = (exp tX)·o,where X is a non-zero vector in the Lie algebra g of G. If all geodesics
on G/K are homogeneous geodesics the homogeneous space is called a g.o. manifold (from
“geodesic ordit”). The terminology was introduced by O. Kowalski and L. Vanhecke in [10],
who initiated a systematic study of such spaces. Examples of such spaces are the symmetric
spaces, the weakly symmetric spaces and the naturally reductive spaces.

In [6] the authors studied homogeneous curves on generalized flag manifolds that are
geodesics with respect to each invariant metric on the flag manifold. These curves are called
equigeodesics. Since the infinitesimal generator of the one parameter subgroup is an element
of the Lie algebra of G, it is natural to characterize the equigeodesics in terms of their
infinitesimal generator. This allows us to use a Lie theoretical approach for the study of
homogeneous geodesics on flag manifolds. The infinitesimal generator of an equigeodesics
is called equigeodesic vector. An algebraic characterization of equigeodesic vectors on
generalized flag manifolds is given in [6].

Recall that a generalized flag manifold is a homogeneous space G/K where G is a com-
pact, semisimple Lie group and K is the centralizer of a torus in G. Actually a vector is
equigeodesic if and only if it is a solution of an algebraic system of equations whose vari-
ables are the components of the vector. However, there exist some subspaces of the tangent
space m � To(G/K) of the flag manifold G/K, all of whose elements are equigeodesic
vectors. The existence of such subspaces depends on the geometric structure of the G/K.
These equigeodesic vectors are called structural equigeodesic. The authors in [8] have
provided a version of the previously formula for equigeodesic vectors on generalized flag
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manifolds with two isotropy summands. Later in [11] the authors gave a general formula
for finding equigeodesic vectors on generalized flag manifolds with second Betti num-
ber equal to one (that is flag manifolds which are determined by painting one black node
their Dynkin diagram). More precisely, they found families of subspaces in which all vec-
tors are structural equigeodesic vectors, on generalized flag manifolds associated to excep-
tional Lie groups F4,E6 and E7 with three isotropy summands, that is F4 /(U(2) × SU(3)),
E6 /(U(2) × SU(3) × SU(3)) and E7 /(U(3) × SU(5)).

In the present article we study equigeodesics on generalized flag manifolds with G2-type
t-roots. In particular, for such type of flag manifolds we describe the families of subspaces in
which all elements are structural equigeodesic vectors. We know from [5] that generalized
flag manifolds G/K with G2-type t-roots have six isotropy summands and correspond to
painted Dynkin diagrams with two black nodes with Dynkin marks 2 and 3. In particular,
these are the generalized flag manifolds F4(α3, α4),E6(α3, α6), E7(α5, α6) and E8(α1, α2).
Here with G(αi0 , α j0 ) we denote the flag manifold M = G/K where we have painted two
black nodes on the Dynkin diagram of G.

In Theorems 3.5 and 3.6 of the present paper we provide a method to obtain structural
equigeodesic vectors (cf. Propositions 4.1 and 4.2). For F4(α3, α4) and E6(α3, α6) we find all
subspaces in which the vectors are structural equigeodesics. These are described in Tables
3,4 and 5. For the flag manifold E7(α5, α6) we describe all the roots that satisfy Theorem
3.5 and therefore we can describe by simple calculation all root spaces whose vectors are
structural equigeodesics (we give some of them). Finally, for the flag manifold E8(α1, α2)
we give some of the roots that satisfy Theorem 3.6. In conclusion we have the following:

Theorem 1.1. The generalized flag manifolds F4 /(U(3) × U(1)), E6 /(U(3) × U(3)),
E7 /(U(6)×U(1)) and E8 /(E6 ×U(1)×U(1)) admit non trivial structural equigeodesic vec-
tors.

2. Generalized Flag Manifolds

2. Generalized Flag Manifolds2.1. Description of flag manifolds in terms of painted Dynkin diagrams.
2.1. Description of flag manifolds in terms of painted Dynkin diagrams. Let g and

k be the Lie algebras of G and K respectively and gC, kC be their complexifications. We
choose a maximal torus T in G and let h be the Lie algebra of T . Then the complexification
hC is a Cartan subalgebra of gC. Let R ⊂ (hC)∗ be the root system of gC relative to the
Cartan subalgebra hC and consider the root space decomposition gC = hC ⊕∑α∈R gCα , where
gCα = {X ∈ gC : ad(H)X = α(H)X, for all H ∈ hC} denotes the root space associated to a
root α. Assume that gC is semisimple, so the Killing form B of gC is non degenerate, and we
establish a natural isomorphism between hC and the dual space (hC)∗ as follows: for every
α ∈ (hC)∗ we define Hα ∈ hC by the equation B(H,Hα) = α(H), for all H ∈ hC. We take a
Weyl basis Eα ∈ gCα (α ∈ R) with B(Eα, E−α) = −1 and [Eα, E−α] = −Hα. Then gCα = CEα
and

(1) [Eα, Eβ] =
{

Nα,βEα+β if α, β, α + β ∈ R
0 if α, β ∈ R, α + β � R,

where the structure constants Nα,β ∈ R are such that Nα,β = 0 if α, β ∈ R, α + β � R, and
Nα,β = −Nβ,α, Nα,β = N−α,−β ∈ R if α, β, α + β ∈ R. It is clear that Nα,β � 0, if α, β, α + β ∈ R
and so relation (1) implies that [gCα, g

C

β ] = gCα+β. Choose a basisΠ = {α1, . . . , α�} (dim hC = �)
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of simple roots for R, and let R+ be a choise of positive roots. Set Aα = Eα + E−α and
Bα =

√−1(Eα − E−α), where α ∈ R+. Then the real subalgebra g is given by

(2) g = h ⊕
∑
α∈R+

(RAα + RBα) = h ⊕
∑
α∈R+
Uα.

Note that g, as a real form of gC is the fixed point set of the conjugation τ : gC → gC, which
without loss of generality can be assumed to be such that τ(Eα) = E−α.

Since hC ⊂ kC ⊂ gC, there is a closed subsystem RK of R such that kC = hC ⊕ ∑α∈RK
gCα .

In particular, we can always find a subset ΠK ⊂ Π such that RK = R ∩ 〈ΠK〉 = {β ∈ R :
β =

∑
αi∈ΠK

kiαi, ki ∈ Z}, where 〈ΠK〉 is the space of roots generated by ΠK with integer
coefficients. The complex Lie algebra kC is a maximal reductive subalgebra of gC and thus it
admits the decomposition kC = z(kC) ⊕ kCss, where z(kC) is the center of kC and kCss = [kC, kC] is
its semisimple part. Note that kCss is given by kCss = h

′⊕∑α∈RK
gCα,where h′ =

∑
α∈ΠK
CHα ⊂ hC

is a Cartan subalgebra of kCss. In fact, RK is the root system of the semisimple part kCss and ΠK

is a corresponding basis. Thus we easily conclude that dimC h′ = cardΠK , where cardΠK

denotes the cardinality of the set ΠK . Let K be the connected Lie subgroup of G generated
by k = kC ∩ g. Then the homogeneous manifold M = G/K is a flag manifold, and any flag
manifold is defined in this way, i.e. by the choise of a triple (gC,Π,ΠK).

SetΠM = Π\ΠK , and RM = R\RK , such thatΠ = ΠK∪ΠM, and R = RK∪RM, respectively.
Roots in RM are called complementary roots, and they play an important role in the geometry
of M = G/K. For example, let m the orthogonal complement of k in g with respect to B.
Then we have [k,m] ⊂ m where m � To(G/K). We set R+M = R+\R+K where R+K is the system
of positive roots of kC (R+K ⊂ R+). Then

(3) m =
∑
α∈R+M

(RAα + RBα).

The complexification is given as mC =
∑
α∈RM
CEα, and the set {Eα : α ∈ RM} is a basis of

mC.
Now if we assume that ΠM = Π\ΠK = {αi1 , . . . , αir }, where 1 ≤ i1 < · · · < ir ≤ � we set,

for some integers j1, . . . , jr with ( j1, . . . , jr) � (0, . . . , 0)

(4) Rm( j1, . . . , jr) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
l∑

j=1

mjα j ∈ R+ : mi1 = j1, . . . ,mir = jr

⎫⎪⎪⎪⎬⎪⎪⎪⎭ ⊂ R+.

Note that R+M = R+\R+K =
⋃

j1,..., jr Rm( j1, . . . , jr). For any Rm( j1, . . . , jr) � ∅, we define an
Ad(K)-invariant subspace m( j1, . . . , jr) of g by

(5) m( j1, . . . , jr) =
∑

α∈Rm( j1,..., jr)

{RAα + RBα} .

Then we have a decomposition of m into mutually non equivalent irreducible Ad(K)-
modules m( j1, . . . , jr):

m =
∑

j1,..., jr

m( j1, . . . , jr).

We conclude that all information contained in Π = ΠK ∪ΠM can be presented graphically
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by the painted Dynkin diagram of M = G/K.

Definition 2.1. Let Γ = Γ(Π) be the Dynkin diagram of the fundamental system Π. By
painting in black the nodes of Γ corresponding toΠM, we obtain the painted Dynkin diagram
of the flag manifold G/K. In this diagram the subsystemΠK is determined as the subdiagram
of white roots.

Conversely, given a painted Dynkin diagram, in order to obtain the corresponding flag
manifold M = G/K we are working as follows: We define G as the unique simply connected
Lie group corresponding to the underlying Dynkin diagram Γ = Γ(Π). The connected Lie
subgroup K ⊂ G is defined by using the additional information Π = ΠK ∪ ΠM encoded into
the painted Dynkin diagram. The semisimple part of K is obtained from the (not necessarily
connected) subdiagram of white roots, and each black root, i.e. each root in ΠM, gives rise
to one U(1)-summand. Thus the painted Dynkin diagram determines the isotropy subgroup
K and the space M = G/K completely. By using certain rules to determine whether different
painted Dynkin diagrams define isomorphic flag manifolds (see [1]), one can obtain all flag
manifolds G/K of a compact simple Lie group G.

From now on we denote the flag manifold M = G/K with G ∈ {B�,C�,D�, F4,E6,E7,E8},
by G(αi0 ) if we have painted one node of Γ(Π), that isΠM = Π\ΠK = {αi0} and by G(αi0 , α j0 )
if we have painted two nodes of Γ(Π), that is ΠM = Π\ΠK = {αi0 , α j0}.

We close this subsection with the next lemma which gives us some information about the
Lie algebra structure of g.

Lemma 2.2. The Lie brackets among the elements of the basis {Aα, Bα,
√−1Hβ : α ∈

R+ and β ∈ Π} of g are given as follows:

[Aα, Aβ] = Nα,β Aα+β + N−α,β Aα−β, [
√−1Hα, Aβ] = β(Hα)Bβ

[Bα, Bβ] = −Nα,β Aα+β − Nα,−β Aα−β, [
√−1Hα, Bβ] = −β(Hα)Aβ

[Aα, Bβ] = Nα,β Bα+β + Nα,−β Bα−β, [Aα, Bα] = 2
√−1Hα,

where α + β, α − β are roots.

Proof. We will prove three of the above relations and the others can be obtained by a
similar method. For the first we have:

[Aα, Aβ] = [Eα + E−α, Eβ + E−β] = Nα,βEα+β + Nα,−βEα−β + N−α,βE−α+β + N−α,−βE−α−β
= Nα,βEα+β + N−α,βEα−β + N−α,βE−α+β + Nα,βE−(α+β)

= Nα,βAα+β + N−α,βAα−β.

For the second we have:

[
√−1Hα, Aβ] = [

√−1Hα, Eβ + E−β] =
√−1[Hα, Eβ] +

√−1[Hα, E−β]

=
√−1β(Hα)Eβ −

√−1β(Hα)E−β
= β(Hα)Bβ.

Finally, we prove the last relation:
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[Aα, Bα] = [Eα + E−α,

√−1(Eα − E−α)] = −
√−1[Eα, E−α] +

√−1[E−α, Eα]

=
√−1Hα +

√−1Hα = 2
√−1Hα.

�

2.2. t-roots and isotropy summands.
2.2. t-roots and isotropy summands. We study the isotropy representation of a general-

ized flag manifold M = G/K of a compact simple Lie group G in terms of t-roots. In order to
realise the decomposition ofm into irreducible Ad(K)-modules we use the center t of the real
Lie algebra k. For simplicity, we fix a system of simple roots Π = {α1, . . . , αr, φ1, . . . , φk}
of R, such that r + k = � = rk gC and we assume that ΠK = {φ1, . . . , φk} is a basis of
the root system RK of K so ΠM = Π\ΠK = {α1, . . . , αr}. Let Λ1, . . . ,Λr be the funda-
mental weights corresponding to the simple roots of ΠM, i.e. the linear forms defined
by 2(Λi,α j)

(α j,α j)
= δi j, (Λ j, φi) = 0, where (α, β) denotes the inner product on (hC)∗ given by

(α, β) = (Hα,Hβ), for all α, β ∈ (hC)∗. Then the {Λi : 1 ≤ i ≤ r} is a basis of the dual space
t∗ of t, t∗ =

∑r
i=1 RΛi and dim t∗ = dim t = r.

Consider now the linear restriction map κ : h∗ → t∗ defined by κ(α) = α|t, and set
Rt = κ(R) = κ(RM).

Definition 2.3. The elements of Rt are called t-roots.

The set Rt is not in general a root system. An element Y ∈ t is called regular if any t-root
κ(α) = ξ (α ∈ RM) takes non zero value at Y , i.e. ξ(Y) � 0. A regular element defines an
ordering in t∗ and thus we obtain the splitting Rt = R+t ∪ R−t , where R+t = {ξ ∈ Rt : ξ(Y) > 0}
and R−t = {ξ ∈ Rt : ξ(Y) < 0}. The t-toots ξ ∈ R+t (resp. ξ ∈ R−t ) will be called positive (resp.
negative). Since Rt = κ(RM) it follows that R+t = κ(R

+
M), and since R−M = −R+M = {−α : α ∈

R+M}, it is R−t = κ(R
−
M).

Definition 2.4. A t-root is called simple if it is not a sum of two positive t-roots.

The set of all simple t-roots is denoted as Πt and is a basis of t∗, in the sense that any
t-root can be written as a linear combination of its elements with integer coefficients of the
same sign. We will call the set Πt as a t-basis.

Proposition 2.5 ([3]). A t-basis Πt is obtained by restricting the roots of ΠM = Π\ΠK to
t, that is Πt = {κ(αi) = αi = αi|t : αi ∈ ΠM}.

As we saw the flag manifolds G/K are determined by pairs (g,Π,ΠK). The number of
ad(k)-submodules of m � To(G/K) correspond to the Dynkin mark of the simple root we
paint black on the Dynkin diagram. We recall the following definition

Definition 2.6. The Dynkin mark of a simple root αi ∈ Π (i = 1, . . . , �), is the positive
integer mi in the expression of the highest root α̃ =

∑�
k=1 mkαk in terms of simple roots. We

will denote by Mrk the function Mrk : Π→ Z+ with Mrk(αi) = mi.

By using the Proposition 2.5 we give a useful method to find the positive t-root R+t of
ΠM = {αi ∈ Π : Mrk(αi) = mi}. The t-basis is Πt = {αi}, where κ(αi) = αi = αi|t and
t∗ = Rαi. We fix a positive root α =

∑�
j=1 k jα j ∈ R+, with k j ≤ mj for all j = 1, . . . , �.
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Then by the fact that κ(RK) = 0 we have that for all α ∈ RM, κ(α) = α|t = kiαi with
1 ≤ ki ≤ mi. Hence R+t = {kiαi : 1 ≤ ki ≤ mi} = {αi, 2αi, . . . ,miαi} and cardR+t = mi. In
case where ΠM = {αi, α j : Mrk(αi) = mi,Mrk(α j) = mj} then Πt = {αi, α j : i < j}, where
κ(αi) = αi = αi|t, κ(α j) = α j = α j|t and t∗ = span{αi, α j}. Then for α ∈ R+M we have
κ(α) = α

∣∣∣
t
= kiαi + k jα j where 0 ≤ ki ≤ mi, 0 ≤ k j ≤ mj the coefficients ki, k j can not be

simultaneously zero, so it is obvious that cardR+t ≥ 3. For generalized flag manifold G/K
with b2(G/K) ≥ 3 there are more than five t-roots ([4]).

A fundamental result about t-root is the following:

Proposition 2.7 ([2]). There exists a one-to-one correspondence between t-roots ξ and
irreducible ad(kC)-submodules mξ1 of the isotropy representation of mC, which is given by

Rt � ξ ↔ mξ =
∑

α∈RM :κ(α)=ξ

CEα.

Thus mC =
⊕
ξ∈Rt mξ. Moreover, these submodules are non equivalent as ad(kC)-modules.

In order to obtain a decomposition of the real Ad(K)-module m in terms of t-roots, we
use the complex conjugation τ of gC with respect to g (note that τ interchanges gCα and gC−α).
Moreover, for a complex subspace V of gC we denote by Vτ the set of all fixed points of τ.
Then, we can write

(6) m =
⊕
ξ∈R+

t

(mξ ⊕m−ξ)τ.

Let us assume for simplicity that R+t = {ξ1, . . . , ξs}. In this case Proposition 2.7 and
relations (3), (6) imply that the real irreducible ad(k)-submodule mi = (mξi ⊕m−ξi)τ (1 ≤ i ≤
s) which corresponds to a positive t-root ξi, is necessarily of the form

(7) mi =
∑

{α∈R+M :κ(α)=ξi}
{RAα + RBα}.

By summarizing, we have the following proposition

Proposition 2.8 ([4]). Let M = G/K be a generalized flag manifold defined by a subset
ΠK ⊂ Π such that ΠM = Π\ΠK = {αi1 , . . . , αir } with 1 ≤ i1 < · · · < ir ≤ �. Assume that
g = k ⊕m is a B-orthogonal reductive decomposition. Then

(1) There exists a natural one-to-one correspondence between elements of the set
Rm( j1, . . . , jr) and the set of positive t-roots R+t = {ξ1, . . . , ξs}. Therefore, there
is a decomposition of m into s mutually non-equivalent irreducible Ad(K)-modules
m =
∑
ξ∈R+

t
(mξ ⊕m−ξ)τ = ∑s

i=1(mξi ⊕m−ξi)τ =
∑

j1,..., jr m( j1, . . . , jr)
(2) The dimensions of the real Ad(K)-modules mi (i = 1, . . . , s) corresponding to the
t-root ξi ∈ R+t are given by dimRmi = 2 card {α ∈ R+M : κ(α) = ξi} = 2 card
Rm ( j1, . . . jr), for appropriate positive integers j1, . . . jr.

(3) Any G-invariant Riemannian metric g on G/K is given by

g =
∑
ξ∈R+

t

xξB|(mξ⊕m−ξ)τ =
s∑

i=1

xξi B|(mξi⊕m−ξi )τ =
∑

j1,..., jr

x j1,..., jr B|m( j1,..., jr)

1We mean that [kC,mξ] ⊂ mξ for all ξ ∈ Rt.
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for positive real numbers xξ, xξi , x j1,..., jr . The G-invariant Riemannian metrics on
M = G/K are parametrized by s real positive parameters.

2.3. Generalized flag manifolds with G2-type t-roots.
2.3. Generalized flag manifolds with G2-type t-roots. A system of positive roots of the

Lie group G2 is given by {α1, α2, α1 + α2, 2α1 + α2, 3α1 + α2, 3α1 + 2α2}, with heighest root
α̃ = 3α1 + 2α2. The corresponding painted Dynkin diagram of the full flag manifold G2/T
is

From the paper [5] we have that flag manifolds with G2-type t-roots system satisfy Π \
ΠK = {αi, α j : Mrk(αi) = 3, Mrk(α j) = 2}, and are the following:

The highest root α̃ of F4 is given by α̃ = 2α1+4α2+3α3+2α4, and we have the following
painted Dynkin diagram

The highest root α̃ of E6 is given by α̃ = α1 + 2α2 + 3α3 + 2α4 + α5 + 2α6 and we have
the following painted Dynkin diagram

E6(α3, α6)

�

α1

1
�

α2

2
�

α3

3
�

α4

2
�

α5

1
�

α62

The highest root α̃ of E7 is given by α̃ = α1 + 2α2 + 3α3 + 4α4 + 3α5 + 2α6 + 2α7 and we
have the following painted Dynkin diagram

E7(α5, α6)

�

α1

1
�

α2

2
�

α3

3
�

α4

4
�

α5

3
�

α6

2
�

α72

The highest root α̃ of E8 is given by α̃ = 2α1 + 3α2 + 4α3 + 5α4 + 6α5 + 4α6 + 2α7 + 3α8

and we have the following painted Dynkin diagram

E8(α1, α2)

�

α1

2
�

α2

3
�

α3

4
�

α4

5
�

α5

6
�

α6

4
�

α7

2
�

α83

For Π \ ΠK = {αi, α j} we put αi = κ(αi) and α j = κ(α j). We list the sets of all positive
t-roots R+t in Table 1, which we separate into Type I and Type II.

From Proposition 2.7 it is easy to see that the isotropy representation of the above ho-
mogeneous spaces is written as a direct sum of six non equivalent Ad(K)-invariant isotropy
summands. For flag manifolds of Type I we set
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Table 1. Positive t-roots R+t for pairs (Π,ΠK)

Type I Set of all positive t-roots R+t
F4(α3, α4) {α3, α4, α3 + α4, 2α3 + α4, 3α3 + α4, 3α3 + 2α4}
E6(α3, α6) {α3, α6, α3 + α6, 2α3 + α6, 3α3 + α6, 3α3 + 2α6}
E7(α5, α6) {α5, α6, α5 + α6, 2α5 + α6, 3α5 + α6, 3α5 + 2α6}

G2 {α1, α2, α1 + α2, 2α1 + α2, 3α1 + α2, 3α1 + 2α2}
Type II Set of all positive t-roots R+t

E8(α1, α2) {α1, α2, α1 + α2, α1 + 2α2, α1 + 3α2, 2α1 + 3α2}

Table 2. Dimensions of irreducible summands with G2-type t-roots

Type I m(1, 0) m(0, 1) m(1, 1) m(2, 1) m(3, 1) m(3, 2)
F4(α3, α4) 12 2 12 12 2 2
E6(α3, α6) 18 2 18 18 2 2
E7(α5, α6) 30 2 30 30 2 2

G2 2 2 2 2 2 2
Type II m(1, 0) m(0, 1) m(1, 1) m(1, 2) m(1, 3) m(2, 3)

E8(α1, α2) 2 54 54 54 2 2

(8)
m(1, 0) = (mαi +m−αi)

τ, m(0, 1) = (mα j +m−α j)
τ,

m(1, 1) = (mαi+α j +m−αi−α j)
τ, m(2, 1) = (m2αi+α j +m−2αi−α j)

τ,

m(3, 1) = (m3αi+α j +m−3αi−α j)
τ, m(3, 2) = (m3αi+2α j +m−3αi−2α j)

τ,

and for Type II we set

(9)
m(1, 0) = (mαi +m−αi)

τ, m(0, 1) = (mα j +m−α j)
τ,

m(1, 1) = (mαi+α j +m−αi−α j)
τ, m(1, 2) = (mαi+2α j +m−αi−2α j)

τ,

m(1, 3) = (mαi+3α j +m−αi−3α j)
τ, m(2, 3) = (m2αi+3α j +m−2αi−3α j)

τ.

By using tables of positive roots (eg. Table B in Appendix of [[7], pp. 528–531]), we obtain
the dimensions of these spaces as shown in Table 2.

We consider the generalized flag manifold M = G/K with G2-type t-roots. As we have
seen we have the decomposition ofm � To(G/K) into six irreducible non equivalent Ad(K)-
modules as follows:

Type I : m = m(1, 0) ⊕m(0, 1) ⊕m(1, 1) ⊕m(2, 1) ⊕m(3, 1) ⊕m(3, 2)(10)

Type II : m = m(1, 0) ⊕m(0, 1) ⊕m(1, 1) ⊕m(1, 2) ⊕m(1, 3) ⊕m(2, 3).(11)

For Type I we set m1 = m(1, 0),m2 = m(0, 1), m3 = m(1, 1), m4 = m(2, 1), m5 = m(3, 1),
m6 = m(3, 2), and for Type II we set n1 = m(1, 0), n2 = m(0, 1), n3 = m(1, 1), n4 = m(1, 2),
n5 = m(1, 3) and n6 = m(2, 3).

We now compute the Lie brackets [mi,m j] and [ni, n j] among the real irreducible sub-
modules mi and ni of m. According to (7), each real submodule mi (or ni) associated to the
positive t-root ξi can be expressed in terms of root vectors E±α (α ∈ R+M), such that κ(α) = ξi.
So from (1) we can compute the brackets [mi,m j] (or [ni, n j]), for suitable root vectors Eα.

Lemma 2.9. Let M = G/K be the flag manifold of Type I. Then we obtain that [mi,mi] ⊂ k
for 1 ≤ i ≤ 6, and
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(12)

[m1,m2] ⊂ m3 [m2,m3] ⊂ m1 [m3,m4] ⊂ m1 ⊕m6 [m4,m5] ⊂ m1

[m1,m3] ⊂ m2 ⊕m4 [m2,m4] ⊂ k [m3,m5] ⊂ k [m4,m6] ⊂ m3

[m1,m4] ⊂ m3 ⊕m5 [m2,m5] ⊂ m6 [m3,m6] ⊂ m4 [m5,m6] ⊂ m2

[m1,m5] ⊂ m4 [m2,m6] ⊂ m5

[m1,m6] ⊂ k.
Lemma 2.10. Let M = G/K be a flag manifold of Type II. Then we obtain that [ni, ni] ⊂ k

for 1 ≤ i ≤ 6, and

(13)

[n1, n2] ⊂ n3 [n2, n3] ⊂ n1 ⊕ n4 [n3, n4] ⊂ n2 ⊕ n6 [n4, n5] ⊂ n2

[n1, n3] ⊂ n2 [n2, n4] ⊂ n3 ⊕ n5 [n3, n5] ⊂ k [n4, n6] ⊂ n3

[n1, n4] ⊂ k [n2, n5] ⊂ n4 [n3, n6] ⊂ n4 [n5, n6] ⊂ n1

[n1, n5] ⊂ n6 [n2, n6] ⊂ k
[n1, n6] ⊂ n5.

3. Equigeodesics

3. Equigeodesics
Let G/K be a generalized flag manifold equipped with a G-invariant metric g. It is known

that such metrics are in one-to-one correspondence with Ad(K)-invariant scalar products
〈·, ·〉 on m � To(G/K) ([9, Proposition 3.1]). These in turn correspond Ad(K)-equivariant,
positive definite, symmetric operators Λ : m → m determined by 〈·, ·〉 = Q(Λ·, ·), where
Q = −B, the negative of the Killing form on g. A curve of the form γ(t) = (exp tX) · o is
called equigeodesic on G/K if it is a geodesic with respect to each invariant metric on G/K.
The vector X is called equigeodesic vector. The following proposition gives us an algebraic
characterization of equigeodesic vectors.

Proposition 3.1 ([6]). Let G/K be a reductive homogeneous space with reductive decom-
position g = k ⊕ m and X ∈ m be a non-zero vector. Then X is a equigeodesic vector if and
only if

(14) [X,ΛX]m = 0,

for each invariant metric Λ.

To solve equation (14) is equivalent to solve a non linear algebraic system of equations
whose variables are the coefficients of the vector X. We consider the decomposition m =∑
α∈R+M mα and the basis {Aα, Bα : α ∈ R+M}. Then, by analysing the Lie brackets [Aα, Bβ],

[Aα, Aβ], [Bα, Bβ] described in (1) it is clear that if the structural constants Nα,β,N−α,β, Nα,−β
vanish (e.g. if α ± β is not a root), then these brackets also vanish and the system can be
simplified. In some cases (depending just on themi-parts of X) the nonlinear system vanishes
completely (i.e. the system is identically zero). This motivates the following definition:

Definition 3.2. An equigeodesic vector X is said to be
(a) structural if the algebraic system associated to equation (14) vanishes completely.
(b) algebraic if the coordinates of the vector X come from a solution of a (not identically

zero) nonlinear algebraic system associated to equation (14).
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Remark 3.3. From the invariance of the metric Λ, we have that Λ|mi = λiIdmi , for some
λi > 0, for each irreducible component of the isotropy representation. Therefore, if X ∈ mi

then equation (14) is satisfied trivially.

We call an equigeodesic vector X ∈ m trivial if X ∈ mi for some i, otherwise is said to
be non trivial. It is obvious that the trivial equigeodesic vectors are structural equigeodesic
vectors.

Lemma 3.4. Let G/K be a generalized flag manifold with G2-type t-roots. A vector
X =

∑6
i=1 Xmi ∈ m =

⊕6
i=1mi (resp. X =

∑6
i=1 Xni ∈ n =

⊕6
i=1 ni) is equigeodesic if and

only if

(15) [Xmi , Xm j] = 0, (resp. [Xni , Xn j] = 0)

where 1 ≤ i < j ≤ 6.

Proof. If π : g → m is the projection onto m, then π([X,ΛX]) = [X,ΛX]m. Assume that
G/K is a flag manifold of Type I. Let X =

∑6
i=1 Xmi ∈ m =

⊕6
i=1mi. Then

[X,ΛX]m = π([X,ΛX]) = π(
[ 6∑

i=1

Xmi ,Λ(
6∑

i=1

Xmi)
]
) = π(

[ 6∑
i=1

Xmi ,

6∑
i=1

λiXmi

]
)

=

6∑
i=2

(λi − λ1)π([Xm1 , Xmi]) +
6∑

i=3

(λi − λ2)π([Xm2 , Xmi]) + · · · + (λ6 − λ5)π([Xm5 , Xm6 ])

= (λ2 − λ1)[Xm1 , Xm2 ]+ (λ3 − λ1)[Xm1 , Xm3 ]+ (λ4 − λ1)[Xm1 , Xm4 ]+ (λ5 − λ1)[Xm1 , Xm5 ]

+(λ3 − λ2)[Xm2 , Xm3 ] + (λ5 − λ2)[Xm2 , Xm5 ] + (λ6 − λ2)[Xm2 , Xm6 ] + (λ4 − λ3)[Xm3 , Xm4 ]

+(λ6 − λ3)[Xm3 , Xm6 ]+ (λ5 − λ4)[Xm4 , Xm5 ]+ (λ6 − λ4)[Xm4 , Xm6 ]+ (λ6 − λ5)[Xm5 , Xm6 ].

From the bracket relations (12) we see that all the above brackets [Xmi , Xm j] belong tom. We
know that X is a equigeodesic vector if and only if [X,ΛX]m = 0 for each invariant metric
Λ = {λ1, . . . , λ6} (λ1 > 0, . . . , λ6 > 0). This occurs if and only if [Xmi , Xm j] = 0, where
1 ≤ i < j ≤ 6. Similarly, if G/K is a flag manifold of Type II we use bracket relations (13)
and can show that the vector X =

∑6
i=1 Xni ∈ n =

⊕6
i=1 ni is equigeodesic if and only if

[Xni , Xn j] = 0 where 1 ≤ i < j ≤ 6. �

In the papers [8] and [11] the authors gave a family of structural equigeodesic vectors
for the generalized flag manifolds G/K with two and s isotropy summands respectively,
which depend only on the Lie algebra structure of g. The next theorem provides a family of
structural equigeodesic vectors on generalized flag manifolds with G2-type t-roots.

Theorem 3.5. Let G/K be a generalized flag manifold with G2-type t-roots and ΠK =

Π\{αi0 , α j0} of Type I. Let the positive roots Rm(1, 0) = {β1
1, . . . , β

1
k1
}, Rm(0, 1) = {β2

1, . . . , β
2
k2
},

Rm(1, 1) = {β3
1, . . . , β

3
k3
}, Rm(2, 1) = {β4

1, . . . , β
4
k4
}, Rm(3, 1) = {β5

1, . . . , β
5
k5
}, Rm(3, 2) =

{β6
1, . . . , β

6
k6
}. Suppose that the set {β1

i1
, β2

i2
, . . . ,β6

i6
: 1 ≤ i1 ≤ k1, . . . , 1 ≤ i6 ≤ k6} sat-

isfies

β
p
ip
± βq

iq
� R for ip � iq and 1 ≤ p < q ≤ 6.

Then all vectors in the subspace Uβ1
i1
⊕ Uβ2

i2
⊕ · · · ⊕ Uβ6

i6
are structural equigeodesic vectors.
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Proof. Let X =
∑6

i=1 Xmi = X(1,0) + X(0,1) + X(1,1) + X(2,1) + X(3,1) + X(3,2), where

X(1,0) =
∑

α∈Rm(1,0)

{RAα + RBα} =
∑

α∈Rm(1,0)

Uα, X(0,1) =
∑

α∈Rm(0,1)

{RAα + RBα} =
∑

α∈Rm(0,1)

Uα

X(1,1) =
∑

α∈Rm(1,1)

{RAα + RBα} =
∑

α∈Rm(1,1)

Uα, X(2,1) =
∑

α∈Rm(2,1)

{RAα + RBα} =
∑

α∈Rm(2,1)

Uα

X(3,1) =
∑

α∈Rm(3,1)

{RAα + RBα} =
∑

α∈Rm(3,1)

Uα, X(3,2) =
∑

α∈Rm(3,2)

{RAα + RBα} =
∑

α∈Rm(3,2)

Uα.

Since βp
ip
±βq

iq
is not a root for ip � iq and 1 ≤ p < q ≤ 6, we have that Nβp

ip
,β

q
iq
= N−βp

ip
,β

q
iq
=

Nβp
ip
,−βq

iq
= 0. A direct computation using the relations of Lemma 2.2 shows that the system

of equations (15) vanishes and the vector X is a structural equigeodesic vector. �

Similarly, we can proof the following:

Theorem 3.6. Let G/K be a generalized flag manifold with G2-type t-roots and ΠK =

Π\{αi0 , α j0} of Type II. Let the positive roots Rn(1, 0) = {β1
1, . . . , β

1
k1
}, Rn(0, 1) = {β2

1, . . . , β
2
k2
},

Rn(1, 1) = {β3
1, . . . , β

3
k3
}, Rn(1, 2) = {β4

1, . . . , β
4
k4
}, Rn(1, 3) = {β5

1, . . . , β
5
k5
}, Rn(2, 3) =

{β6
1, . . . , β

6
k6
}. Suppose that the set {β1

i1
, β2

i2
, . . . ,β6

i6
: 1 ≤ i1 ≤ k1, . . . , 1 ≤ i6 ≤ k6} sat-

isfies

β
p
ip
± βq

iq
� R for ip � iq and 1 ≤ p < q ≤ 6.

Then all vectors in the subspace Uβ1
i1
⊕ Uβ2

i2
⊕ · · · ⊕ Uβ6

i6
are structural equigeodesic vectors.

4. Structural Equigeodesic Vectors on Flag Manifolds with G2-type t-roots

4. Structural Equigeodesic Vectors on Flag Manifolds with G2-type t-roots
In this section we give a family of structural equigeodesic vectors for generalized flag

manifolds with G2-type t-roots, namely for F4 /(U(3)×U(1)), E6 /(U(3)×U(3)), E7 /(U(6)×
U(1)) and E8 /(E6 ×U(1) × U(1)). We classify the positive roots that satisfy the hypothesis
of Theorems 3.5 and 3.6.

For the root system of exceptional Lie groups F4,E6,E7 and E8 we use the notation
of [1], where all positive roots are given as linear combinations of the simple roots Π =
{α1, α2, . . . , α�} (� = rkgC).

4.1. Structural Equigeodesic vectors on the flag manifold F4 /(U(3) × U(1)).
4.1. Structural Equigeodesic vectors on the flag manifold F4 /(U(3) × U(1)). Let Π =

{α1, α2, α3, α4} be a system of simple roots for F4 with highest root α̃ = 2α1+4α2+3α3+2α4.
The flag manifold F4 /(U(3) × U(1)) is determined by ΠK = Π\{α3, α4}. From Table 1 we
have that the the positive t-roots are given by R+t = {α3, α4, α3 + α4, 2α3 + α4, 3α3 +

α4, 3α3+2α4}. According to Proposition 2.8 (1), we obtain the decomposition (10) where the
sumbodules mi are defined by (8). The sets Rm( j1, j2) = {∑4

i=1 ciαi ∈ R+M : c3 = j1, c4 = j2}
are given explicitly as follows:

Rm(1, 0) = {e3, e1 − e2, e3 − e4, e3 + e4, 1/2(e1 − e2 + e3 + e4), 1/2(e1 − e2 + e3 − e4)}
= {β1

1, . . . , β
1
6}

Rm(0, 1) = {e2 − e3} = {β2
1}

Rm(1, 1) = {e2, e1 − e3, e2 − e4, e2 + e4, 1/2(e1 + e2 − e3 + e4), 1/2(e1 + e2 − e3 − e4)}
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= {β3
1, . . . , β

3
6}

Rm(2, 1) = {e1, e1 − e4, e1 + e4, e2 + e3, 1/2(e1 + e2 + e3 + e4), 1/2(e1 + e2 + e3 − e4)}
= {β4

1, . . . , β
4
6}

Rm(3, 1) = {e1 + e3} = {β5
1}

Rm(3, 2) = {e1 + e2} = {β6
1}.

It is easy to see that the roots which satisfy the hypothesis of Theorem 3.5 are the following:

β1
i ± β3

j � R for every (i, j) ∈ {(1, 3), (1, 4), (2, 5), (2, 6), (3, 1), (3, 6), (4, 1), (4, 5), (5, 2),
(5, 4), (6, 2), (6, 3)}

β1
i ± β4

j � R for every (i, j) ∈ {(1, 2), (1, 3), (2, 5), (2, 6), (3, 1), (3, 5), (4, 1), (4, 6), (5, 2),
(5, 4), (6, 3), (6, 4)}

β1
i ± β6

1 � R for every i = 1, 2, . . . , 6

β2
1 ± β4

j � R for every j = 1, 2, . . . , 6

β3
i ± β4

j � R for every (i, j) ∈ {(1, 2), (1, 3), (2, 5), (2, 6), (3, 1), (3, 5), (4, 1), (4, 6), (5, 2),
(5, 4), (6, 3), (6, 4)}

β3
i ± β5

1 � R for every i = 1, 2, . . . , 6.

From the above roots we can find all the subspaces for which the vectors are structural
equigeodesic vectors. In particular we have the following:

Proposition 4.1. The root spaces for the generalized flag manifold F4 /(U(3) × U(1))
whose roots satisfy Theorem 3.5 are listed in Table 3. In particular, all vectors in these
subspaces are structural equigeodesic vectors.

Table 3. Structural equigeodesic vectors for F4 /(U(3) × U(1))

Uβ3
3
⊕ Uβ1

1
⊕ Uβ1

6
Uβ4

1
⊕ Uβ1

3
⊕ Uβ1

4
Uβ3

3
⊕ Uβ4

1
⊕ Uβ4

5
Uβ3

4
⊕ Uβ1

1
⊕ Uβ1

5

Uβ4
2
⊕ Uβ1

1
⊕ Uβ1

5
Uβ3

4
⊕ Uβ4

1
⊕ Uβ4

6
Uβ3

5
⊕ Uβ1

2
⊕ Uβ1

4
Uβ4

3
⊕ Uβ1

1
⊕ Uβ1

6

Uβ3
5
⊕ Uβ4

2
⊕ Uβ4

4
Uβ3

6
⊕ Uβ1

2
⊕ Uβ1

3
Uβ4

4
⊕ Uβ1

5
⊕ Uβ1

6
Uβ3

6
⊕ Uβ4

3
⊕ Uβ4

4

Uβ3
1
⊕ Uβ1

4
⊕ Uβ1

3
Uβ4

5
⊕ Uβ1

2
⊕ Uβ1

3
Uβ4

1
⊕ Uβ3

3
⊕ Uβ3

4
Uβ3

2
⊕ Uβ1

5
⊕ Uβ1

6

Uβ4
6
⊕ Uβ1

2
⊕ Uβ1

4
Uβ4

2
⊕ Uβ3

1
⊕ Uβ3

5
Uβ1

1
⊕ Uβ3

3
⊕ Uβ3

4
Uβ1

1
⊕ Uβ4

2
⊕ Uβ4

3

Uβ4
3
⊕ Uβ3

1
⊕ Uβ3

6
Uβ1

2
⊕ Uβ3

5
⊕ Uβ3

6
Uβ1

2
⊕ Uβ4

5
⊕ Uβ4

6
Uβ4

4
⊕ Uβ3

5
⊕ Uβ3

6

Uβ1
3
⊕ Uβ3

1
⊕ Uβ3

6
Uβ1

3
⊕ Uβ4

1
⊕ Uβ4

5
Uβ4

5
⊕ Uβ3

2
⊕ Uβ3

3
Uβ1

4
⊕ Uβ3

1
⊕ Uβ3

5

Uβ1
4
⊕ Uβ4

1
⊕ Uβ4

6
Uβ4

6
⊕ Uβ3

2
⊕ Uβ3

4
Uβ1

5
⊕ Uβ3

2
⊕ Uβ3

4
Uβ1

5
⊕ Uβ4

2
⊕ Uβ4

4

Uβ3
1
⊕ Uβ4

2
⊕ Uβ4

3
Uβ1

6
⊕ Uβ3

2
⊕ Uβ3

3
Uβ1

6
⊕ Uβ4

3
⊕ Uβ4

4
Uβ3

2
⊕ Uβ4

5
⊕ Uβ4

6

Uβ6
1
⊕ Uβ1

1
⊕ Uβ1

2
⊕ Uβ2

1
⊕ Uβ4

1
⊕ Uβ4

2
⊕ Uβ5

1
⊕ Uβ3

1
⊕ Uβ3

2
⊕ Uβ1

3
⊕ Uβ1

4
⊕ Uβ1

5
⊕ Uβ1

6

Uβ4
3
⊕ Uβ4

4
⊕ Uβ4

5
⊕ Uβ4

6
Uβ3

3
⊕ Uβ3

4
⊕ Uβ3

5
⊕ Uβ3

6

4.2. Structural Equigeodesic vectors on the flag manifold E6 /(U(3) × U(3)).
4.2. Structural Equigeodesic vectors on the flag manifold E6 /(U(3) × U(3)). Let Π =

{α1, α2, α3, α4, α5, α6} be a system of simple roots for E6 with highest α̃ = α1 + 2α2 + 3α3 +
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2α4 + α5 + 2α6. The flag manifold E6 /(U(3) × U(3)) is determined by ΠK = Π\{α3, α6}.
From Table 1 we have that the the positive t-roots are given by R+t = {α3, α6, α3+α6, 2α3+

α6, 3α3 + α6, 3α3 + 2α6}. According to Proposition 2.8 (1), we obtain the decomposition
(10) where the sumbodules mi are defined by (8). The sets Rm( j1, j2) = {∑6

i=1 ciαi ∈ R+M :
c3 = j1, c6 = j2} are given explicitly as follows:

Rm(1, 0) = {e3 − e4, e2 − e4, e3 − e5, e1 − e4, e1 − e5, e1 − e6, e2 − e5, e2 − e6, e3 − e6}
= {β1

1, . . . , β
1
9}

Rm(0, 1) = {e4 + e5 + e6 + e} = {β2
1}

Rm(1, 1) = {e1 + e4 + e6 + e, e2 + e4 + e6 + e, e3 + e4 + e5 + e, e3 + e5 + e6 + e,

e1 + e4 + e5 + e, e1 + e5 + e6 + e, e2 + e4 + e5 + e, e2 + e5 + e6 + e,

e3 + e4 + e6 + e} = {β3
1, . . . , β

3
8}

Rm(2, 1) = {e1 + e2 + e5 + e, e1 + e3 + e4 + e, e1 + e3 + e6 + e, e2 + e3 + e4 + e,

e2 + e3 + e6 + e, e1 + e2 + e4 + e, e1 + e2 + e6 + e, e1 + e3 + e5 + e,

e2 + e3 + e5 + e} = {β4
1, . . . , β

4
8}

Rm(3, 1) = {e1 + e2 + e3 + e} = {β5
1}

Rm(3, 2) = {e1 + e2 + e3 + e4 + e5 + e6 + 2e} = {β6
1}.

It is easy to see that all roots which satisfy Theorem 3.5 are the following:

β1
i ± β3

j � R for every (i, j) ∈ {(1, 3), (1, 6), (1, 8), (1, 9), (2, 2), (2, 4), (2, 6), (2, 7), (3, 1),
(3, 2), (3, 3), (3, 4), (4, 1), (4, 4), (4, 5), (4, 8), (5, 2), (5, 5), (5, 6), (5, 9), (6, 1), (6, 3), (6, 6),
(6, 7), (7, 1), (7, 7), (7, 8), (7, 9), (8, 2), (8, 3), (8, 5), (8, 8), (9, 4), (9, 5), (9, 7), (9, 9)}

β1
i ± β4

j � R for every (i, j) ∈ {(1, 1), (1, 2), (1, 4), (1, 7), (2, 3), (2, 4), (2, 6), (2, 8), (3, 6),
(3, 7), (3, 8), (3, 9), (4, 2), (4, 5), (4, 6), (4, 9), (5, 1), (5, 4), (5, 5), (5, 8), (6, 3), (6, 4), (6, 7),
(6, 9), (7, 1), (7, 2), (7, 3), (7, 9), (8, 2), (8, 5), (8, 7), (8, 8), (9, 1), (9, 3), (9, 5), (9, 6)}

β1
i ± β6

1 � R for every i = 1, 2, . . . , 9

β2
1 ± β4

j � R for every j = 1, 2, . . . , 9

β3
i ± β4

j � R for every (i, j) ∈ {(1, 1), (1, 4), (1, 5), (1, 8), (1, 9), (2, 1), (2, 2), (2, 3), (2, 8),
(2, 9), (3, 1), (3, 3), (3, 5), (3, 6), (3, 7), (4, 1), (4, 2), (4, 4), (4, 6), (4, 7), (5, 3), (5, 4), (5, 5),
(5, 7), (5, 9), (6, 2), (6, 4), (6, 5), (6, 6), (6, 9), (7, 2), (7, 3), (7, 5), (7, 7), (7, 8), (8, 2), (8, 3),
(8, 4), (8, 6), (8, 8), (9, 1), (9, 6), (9, 7), (9, 8), (9, 9)}

β3
i ± β5

1 � R for every i = 1, 2, . . . , 9.

From the above roots we can find all the subspaces for which the vectors are structural
equigeodesic vectors. More precisely, from the roots β1

i ± β3
j � R, β1

i ± β4
j � R, β1

i ± β6
1 � R,

β2
1 ± β4

j � R and β3
i ± β5

1 � R we obtain the subspaces in the following tables:
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Table 4. Structural equigeodesic vectors for E6 /(U(3) × U(3))

Uβ31
⊕ Uβ13 ⊕ Uβ14 ⊕ Uβ16 ⊕ Uβ17 Uβ41

⊕ Uβ11 ⊕ Uβ15 ⊕ Uβ17 ⊕ Uβ19 Uβ11
⊕ Uβ17 ⊕ Uβ41 ⊕ Uβ42 Uβ13

⊕ Uβ14 ⊕ Uβ31 ⊕ Uβ34
Uβ32
⊕ Uβ12 ⊕ Uβ13 ⊕ Uβ15 ⊕ Uβ18 Uβ42

⊕ Uβ11 ⊕ Uβ14 ⊕ Uβ17 ⊕ Uβ18 Uβ11
⊕ Uβ16 ⊕ Uβ44 ⊕ Uβ47 Uβ16

⊕ Uβ17 ⊕ Uβ31 ⊕ Uβ37
Uβ33
⊕ Uβ11 ⊕ Uβ13 ⊕ Uβ16 ⊕ Uβ18 Uβ43

⊕ Uβ12 ⊕ Uβ16 ⊕ Uβ17 ⊕ Uβ19 Uβ13
⊕ Uβ18 ⊕ Uβ47 ⊕ Uβ48 Uβ14

⊕ Uβ17 ⊕ Uβ31 ⊕ Uβ38
Uβ34
⊕ Uβ12 ⊕ Uβ13 ⊕ Uβ14 ⊕ Uβ19 Uβ44

⊕ Uβ11 ⊕ Uβ12 ⊕ Uβ15 ⊕ Uβ16 Uβ14
⊕ Uβ18 ⊕ Uβ42 ⊕ Uβ45 Uβ12

⊕ Uβ13 ⊕ Uβ32 ⊕ Uβ34
Uβ35
⊕ Uβ14 ⊕ Uβ15 ⊕ Uβ18 ⊕ Uβ19 Uβ45

⊕ Uβ14 ⊕ Uβ15 ⊕ Uβ18 ⊕ Uβ19 Uβ14
⊕ Uβ19 ⊕ Uβ45 ⊕ Uβ46 Uβ15

⊕ Uβ18 ⊕ Uβ32 ⊕ Uβ35
Uβ36
⊕ Uβ11 ⊕ Uβ12 ⊕ Uβ15 ⊕ Uβ16 Uβ46

⊕ Uβ12 ⊕ Uβ13 ⊕ Uβ14 ⊕ Uβ19 Uβ12
⊕ Uβ16 ⊕ Uβ43 ⊕ Uβ44 Uβ11

⊕ Uβ17 ⊕ Uβ38 ⊕ Uβ39
Uβ37
⊕ Uβ12 ⊕ Uβ16 ⊕ Uβ17 ⊕ Uβ19 Uβ47

⊕ Uβ11 ⊕ Uβ13 ⊕ Uβ16 ⊕ Uβ18 Uβ11
⊕ Uβ15 ⊕ Uβ41 ⊕ Uβ44 Uβ12

⊕ Uβ15 ⊕ Uβ32 ⊕ Uβ36
Uβ38
⊕ Uβ11 ⊕ Uβ14 ⊕ Uβ17 ⊕ Uβ18 Uβ48

⊕ Uβ12 ⊕ Uβ13 ⊕ Uβ15 ⊕ Uβ18 Uβ11
⊕ Uβ16 ⊕ Uβ33 ⊕ Uβ36 Uβ12

⊕ Uβ16 ⊕ Uβ32 ⊕ Uβ37
Uβ39
⊕ Uβ11 ⊕ Uβ15 ⊕ Uβ17 ⊕ Uβ19 Uβ49

⊕ Uβ13 ⊕ Uβ14 ⊕ Uβ16 ⊕ Uβ17 Uβ11
⊕ Uβ17 ⊕ Uβ38 ⊕ Uβ39 Uβ11

⊕ Uβ16 ⊕ Uβ33 ⊕ Uβ36
Uβ11
⊕ Uβ33 ⊕ Uβ36 ⊕ Uβ38 ⊕ Uβ39 Uβ11

⊕ Uβ41 ⊕ Uβ42 ⊕ Uβ44 ⊕ Uβ47 Uβ12
⊕ Uβ16 ⊕ Uβ36 ⊕ Uβ37 Uβ11

⊕ Uβ18 ⊕ Uβ33 ⊕ Uβ38
Uβ12
⊕ Uβ32 ⊕ Uβ34 ⊕ Uβ36 ⊕ Uβ37 Uβ12

⊕ Uβ43 ⊕ Uβ44 ⊕ Uβ46 ⊕ Uβ48 Uβ13
⊕ Uβ18 ⊕ Uβ32 ⊕ Uβ33 Uβ14

⊕ Uβ19 ⊕ Uβ34 ⊕ Uβ35
Uβ13
⊕ Uβ31 ⊕ Uβ32 ⊕ Uβ33 ⊕ Uβ34 Uβ13

⊕ Uβ46 ⊕ Uβ47 ⊕ Uβ48 ⊕ Uβ49 Uβ14
⊕ Uβ19 ⊕ Uβ34 ⊕ Uβ35 Uβ12

⊕ Uβ19 ⊕ Uβ34 ⊕ Uβ37
Uβ14
⊕ Uβ31 ⊕ Uβ34 ⊕ Uβ35 ⊕ Uβ38 Uβ14

⊕ Uβ42 ⊕ Uβ45 ⊕ Uβ46 ⊕ Uβ49 Uβ14
⊕ Uβ18 ⊕ Uβ35 ⊕ Uβ38 Uβ14

⊕ Uβ18 ⊕ Uβ35 ⊕ Uβ38
Uβ15
⊕ Uβ32 ⊕ Uβ35 ⊕ Uβ36 ⊕ Uβ39 Uβ15

⊕ Uβ41 ⊕ Uβ44 ⊕ Uβ45 ⊕ Uβ48 Uβ11
⊕ Uβ15 ⊕ Uβ36 ⊕ Uβ39 Uβ15

⊕ Uβ19 ⊕ Uβ35 ⊕ Uβ39
Uβ16
⊕ Uβ31 ⊕ Uβ33 ⊕ Uβ36 ⊕ Uβ37 Uβ16

⊕ Uβ43 ⊕ Uβ44 ⊕ Uβ47 ⊕ Uβ49 Uβ13
⊕ Uβ16 ⊕ Uβ31 ⊕ Uβ33 Uβ12

⊕ Uβ16 ⊕ Uβ36 ⊕ Uβ37
Uβ17
⊕ Uβ31 ⊕ Uβ37 ⊕ Uβ38 ⊕ Uβ39 Uβ17

⊕ Uβ41 ⊕ Uβ42 ⊕ Uβ43 ⊕ Uβ49 Uβ61

⊕9
i=1 Uβ1i

Uβ17
⊕ Uβ19 ⊕ Uβ37 ⊕ Uβ39

Uβ18
⊕ Uβ32 ⊕ Uβ33 ⊕ Uβ35 ⊕ Uβ38 Uβ18

⊕ Uβ42 ⊕ Uβ45 ⊕ Uβ47 ⊕ Uβ48 Uβ21

⊕9
i=1 Uβ4i

Uβ11
⊕ Uβ17 ⊕ Uβ41 ⊕ Uβ42

Uβ19
⊕ Uβ34 ⊕ Uβ35 ⊕ Uβ37 ⊕ Uβ39 Uβ19

⊕ Uβ41 ⊕ Uβ43 ⊕ Uβ45 ⊕ Uβ46 Uβ51

⊕9
i=1 Uβ3i

Uβ17
⊕ Uβ19 ⊕ Uβ41 ⊕ Uβ43

Uβ11
⊕ Uβ15 ⊕ Uβ41 ⊕ Uβ44 Uβ11

⊕ Uβ18 ⊕ Uβ42 ⊕ Uβ47 Uβ12
⊕ Uβ19 ⊕ Uβ43 ⊕ Uβ46 Uβ12

⊕ Uβ15 ⊕ Uβ44 ⊕ Uβ48
Uβ15
⊕ Uβ19 ⊕ Uβ41 ⊕ Uβ45 Uβ14

⊕ Uβ17 ⊕ Uβ42 ⊕ Uβ49 Uβ16
⊕ Uβ17 ⊕ Uβ43 ⊕ Uβ49 Uβ14

⊕ Uβ19 ⊕ Uβ45 ⊕ Uβ46
Uβ14
⊕ Uβ18 ⊕ Uβ42 ⊕ Uβ45 Uβ12

⊕ Uβ16 ⊕ Uβ43 ⊕ Uβ44 Uβ11
⊕ Uβ16 ⊕ Uβ44 ⊕ Uβ47 Uβ12

⊕ Uβ13 ⊕ Uβ46 ⊕ Uβ48
Uβ13
⊕ Uβ18 ⊕ Uβ47 ⊕ Uβ48 Uβ13

⊕ Uβ16 ⊕ Uβ47 ⊕ Uβ49

Now from the roots β3
i ± β4

j � R we have the following subspaces:

Table 5. Structural equigeodesic vectors for E6 /(U(3) × U(3))

Uβ4
1
⊕ Uβ3

1
⊕ Uβ3

2
⊕ Uβ3

3
⊕ Uβ3

4
⊕ Uβ3

9
Uβ4

2
⊕ Uβ4

3
⊕ Uβ4

8
⊕ Uβ3

2
⊕ Uβ3

7
⊕ Uβ3

8
Uβ4

4
⊕ Uβ4

7
⊕ Uβ3

4
⊕ Uβ3

5

Uβ4
2
⊕ Uβ3

2
⊕ Uβ3

4
⊕ Uβ3

6
⊕ Uβ3

7
⊕ Uβ3

8
Uβ4

4
⊕ Uβ4

5
⊕ Uβ4

9
⊕ Uβ3

1
⊕ Uβ3

5
⊕ Uβ3

6
Uβ4

4
⊕ Uβ4

8
⊕ Uβ3

1
⊕ Uβ3

8

Uβ4
3
⊕ Uβ3

2
⊕ Uβ3

3
⊕ Uβ3

5
⊕ Uβ3

7
⊕ Uβ3

8
Uβ4

1
⊕ Uβ4

6
⊕ Uβ4

7
⊕ Uβ3

3
⊕ Uβ3

4
⊕ Uβ3

9
Uβ4

5
⊕ Uβ4

6
⊕ Uβ3

3
⊕ Uβ3

6

Uβ4
4
⊕ Uβ3

1
⊕ Uβ3

5
⊕ Uβ3

6
⊕ Uβ3

8
⊕ Uβ3

4
Uβ4

2
⊕ Uβ4

4
⊕ Uβ4

6
⊕ Uβ3

6
⊕ Uβ3

8
⊕ Uβ3

4
Uβ4

5
⊕ Uβ4

8
⊕ Uβ3

1
⊕ Uβ3

7

Uβ4
5
⊕ Uβ3

1
⊕ Uβ3

3
⊕ Uβ3

5
⊕ Uβ3

6
⊕ Uβ3

7
Uβ4

1
⊕ Uβ4

8
⊕ Uβ4

9
⊕ Uβ3

1
⊕ Uβ3

2
⊕ Uβ3

9
Uβ4

6
⊕ Uβ4

8
⊕ Uβ3

8
⊕ Uβ3

9

Uβ4
6
⊕ Uβ3

3
⊕ Uβ3

4
⊕ Uβ3

6
⊕ Uβ3

8
⊕ Uβ3

9
Uβ4

3
⊕ Uβ4

5
⊕ Uβ4

7
⊕ Uβ3

3
⊕ Uβ3

5
⊕ Uβ3

7
Uβ4

6
⊕ Uβ4

9
⊕ Uβ3

6
⊕ Uβ3

9

Uβ4
7
⊕ Uβ3

3
⊕ Uβ3

4
⊕ Uβ3

5
⊕ Uβ3

7
⊕ Uβ3

9
Uβ3

1
⊕ Uβ3

5
⊕ Uβ3

6
⊕ Uβ4

5
⊕ Uβ4

9
Uβ4

7
⊕ Uβ4

8
⊕ Uβ3

7
⊕ Uβ3

9

Uβ4
8
⊕ Uβ3

1
⊕ Uβ3

2
⊕ Uβ3

7
⊕ Uβ3

8
⊕ Uβ3

9
Uβ3

3
⊕ Uβ3

4
⊕ Uβ3

9
⊕ Uβ4

6
⊕ Uβ4

7
Uβ4

7
⊕ Uβ4

9
⊕ Uβ3

5
⊕ Uβ3

9

Uβ4
9
⊕ Uβ3

1
⊕ Uβ3

2
⊕ Uβ3

5
⊕ Uβ3

6
⊕ Uβ3

9
Uβ4

1
⊕ Uβ4

2
⊕ Uβ3

2
⊕ Uβ3

4
Uβ4

1
⊕ Uβ4

3
⊕ Uβ3

2
⊕ Uβ3

3

Uβ3
1
⊕ Uβ4

1
⊕ Uβ4

4
⊕ Uβ4

5
⊕ Uβ4

8
⊕ Uβ4

9
Uβ3

2
⊕ Uβ4

1
⊕ Uβ4

2
⊕ Uβ4

3
⊕ Uβ4

8
⊕ Uβ4

9
Uβ4

1
⊕ Uβ4

4
⊕ Uβ3

1
⊕ Uβ3

4

Uβ3
3
⊕ Uβ4

1
⊕ Uβ4

3
⊕ Uβ4

5
⊕ Uβ4

6
⊕ Uβ4

7
Uβ4

1
⊕ Uβ4

5
⊕ Uβ3

1
⊕ Uβ3

3
Uβ4

2
⊕ Uβ4

5
⊕ Uβ3

6
⊕ Uβ3

7

Uβ3
4
⊕ Uβ4

1
⊕ Uβ4

2
⊕ Uβ4

4
⊕ Uβ4

6
⊕ Uβ4

7
Uβ3

5
⊕ Uβ4

3
⊕ Uβ4

4
⊕ Uβ4

5
⊕ Uβ4

7
⊕ Uβ4

9
Uβ4

2
⊕ Uβ4

7
⊕ Uβ3

4
⊕ Uβ3

9

Uβ3
6
⊕ Uβ4

2
⊕ Uβ4

4
⊕ Uβ4

5
⊕ Uβ4

6
⊕ Uβ4

9
Uβ4

2
⊕ Uβ4

9
⊕ Uβ3

2
⊕ Uβ3

6
Uβ4

3
⊕ Uβ4

4
⊕ Uβ3

5
⊕ Uβ3

8

Uβ3
7
⊕ Uβ4

2
⊕ Uβ4

3
⊕ Uβ4

5
⊕ Uβ4

7
⊕ Uβ4

8
Uβ3

8
⊕ Uβ4

2
⊕ Uβ4

3
⊕ Uβ4

4
⊕ Uβ4

6
⊕ Uβ4

8
Uβ4

3
⊕ Uβ4

6
⊕ Uβ3

3
⊕ Uβ3

8

Uβ3
9
⊕ Uβ4

1
⊕ Uβ4

6
⊕ Uβ4

7
⊕ Uβ4

8
⊕ Uβ4

9
Uβ4

3
⊕ Uβ4

9
⊕ Uβ3

2
⊕ Uβ3

5

Hence we obtain the following:

Proposition 4.2. The root spaces for the generalized flag manifold E6(α3, α6) =
E6 /(U(3) × U(3)), with all vectors are structural equigeodesic vectors are described in
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Tables 4 and 5.

4.3. Structural Equigeodesic vectors on the flag manifold E7 /(U(6) × U(1)).
4.3. Structural Equigeodesic vectors on the flag manifold E7 /(U(6) × U(1)). Let Π =

{α1, α2, α3, α4, α5, α6, α7} be a system of simple roots for E7 with highest α̃ = α1+2α2+3α3+

4α4+3α5+2α6+2α7. The flag manifold E7 /(U(6)×U(1)) is determined byΠK = Π\{α5, α6}.
From Table 1 we have that the the positive t-roots are given by R+t = {α5, α6, α5+α6, 2α5+

α6, 3α5 + α6, 3α5 + 2α6}. According to Proposition 2.8 (1), we obtain the decomposition
(10) where the sumbodules mi are defined by (8). The sets Rm( j1, j2) = {∑7

i=1 ciαi ∈ R+M :
c5 = j1, c6 = j2} are given explicitly as follows:

Rm(1, 0) = {e1 − e6, e2 − e6, e3 − e6, e4 − e6, e5 − e6, e4 + e5 + e7 + e8, e3 + e5 + e7 + e8,

e3 + e4 + e7 + e8, e2 + e5 + e7 + e8, e2 + e2 + e7 + e8, e2 + e3 + e7 + e8,

e1 + e5 + e7 + e8, e1 + e4 + e7 + e8, e1 + e3 + e7 + e8, e1 + e2 + e7 + e8}
= {β1

1, . . . , β
1
15}

Rm(0, 1) = {e6 − e7} = {β2
1}

Rm(1, 1) = {e1 − e7, e2 − e7, e3 − e7, e4 − e7, e5 − e7, e4 + e5 + e6 + e8, e3 + e5 + e6 + e8,

e3 + e4 + e6 + e8, e2 + e5 + e6 + e8, e2 + e4 + e6 + e8, e2 + e3 + e6 + e8,

e1 + e5 + e6 + e8, e1 + e4 + e6 + e8, e1 + e3 + e6 + e8, e1 + e2 + e6 + e8}
= {β3

1, . . . , β
3
15}

Rm(2, 1) = {e3 + e4 + e5 + e8, e2 + e4 + e5 + e8, e2 + e3 + e5 + e8, e2 + e3 + e4 + e8,

e1 + e4 + e5 + e8, e1 + e3 + e5 + e8, e1 + e3 + e4 + e8, e1 + e2 + e5 + e8,

e1 + e2 + e4 + e8, e1 + e2 + e3 + e8,−(e1 − e8),−(e2 − e8),−(e3 − e8),

−(e4 − e8),−(e5 − e8)} = {β4
1, . . . , β

4
15}

Rm(3, 1) = {−(e6 − e8)} = {β5
1}

Rm(3, 2) = {−(e7 − e8)} = {β6
1}.

The roots which satisfy Theorem 3.5 are the following:
β1

1 ± β3
j , j = 2, 3, 4, 5, 12, 13, 14, 15; β1

2 ± β3
j , j = 1, 3, 4, 5, 9, 10, 11, 15; β1

3 ± β3
j , j = 1, 2, 4, 5, 7, 8, 11, 14;

β1
3 ± β3

j , j = 1, 2, 4, 5, 7, 8, 11, 14; β4
1 ± β3

j , j = 1, 2, 3, 5, 6, 8, 10, 13; β1
5 ± β3

j , j = 1, 2, 3, 4, 6, 7, 9, 12; β1
6 ±

β3
j , j = 4, 5, 7, 8, 9, 10, 12, 13; β1

7 ± β3
j , j = 3, 5, 6, 8, 9, 11, 12, 14; β1

8 ± β3
j , j = 3, 4, 6, 7, 10, 11, 13, 14; β1

9 ±
β3

j , j = 2, 5, 6, 7, 10, 11, 12, 15; β1
10±β3

j , j = 2, 4, 6, 8, 9, 11, 13, 15; β1
11±β3

j , j = 2, 3, 7, 8, 9, 10, 14, 15; β1
12±

β3
j , j = 1, 5, 6, 7, 9, 13, 14, 15; β1

13 ± β3
j , j = 1, 4, 5, 6, 8, 10, 12, 14, 15; β1

14 ± β3
j , j = 1, 3, 7, 8, 11, 12, 13, 15;

β1
15±β3

j , j = 1, 2, 9, 10, 11, 12, 13, 14; β1
1±β4

j , j = 1, 2, 3, 4, 12, 13, 14, 15; β1
2±β4

j , j = 1, 5, 6, 7, 11, 13, 14, 15;
β1

3±β4
j , j = 2, 5, 8, 9, 11, 12, 14, 15; β1

4±β4
j , j = 3, 6, 8, 10, 11, 12, 13, 15; β1

5±β4
j , j = 4, 7, 9, 10, 11, 12, 13, 14;

β1
6 ± β4

j , j = 3, 4, 6, 7, 8, 9, 14, 15; β1
7 ± β4

j , j = 2, 4, 5, 7, 8, 10, 13, 15; β1
8 ± β4

j , j = 2, 3, 5, 6, 9, 10, 13, 14;
β1

9 ± β4
j , j = 1, 4, 5, 6, 9, 10, 12, 15; β1

10 ± β4
j , j = 1, 3, 5, 7, 8, 10, 12, 4; β1

11 ± β4
j , j = 1, 2, 6, 7, 8, 9, 12, 13;

β1
12 ± β4

j , j = 1, 2, 3, 7, 9, 10, 11, 15; β1
13 ± β4

j , j = 1, 2, 4, 6, 8, 10, 11, 14; β1
14 ± β4

j , j = 1, 3, 4, 5, 8, 9, 11, 13;
β1

15 ± β4
j , j = 2, 3, 4, 5, 6, 7, 11, 12; β3

1 ± β4
j , j = 1, 2, 3, 4, 12, 13, 14, 15; β3

2 ± β4
j , j = 1, 5, 6, 7, 11, 13, 14, 15;

β3
3±β4

j , j = 2, 5, 8, 9, 11, 12, 14, 15; β3
4±β4

j , j = 3, 6, 8, 10, 11, 12, 13, 15; β3
5±β4

j , j = 4, 7, 9, 10, 11, 12, 13, 14;
β3

6 ± β4
j , j = 3, 4, 6, 7, 8, 9, 14, 15; β3

7 ± β4
j , j = 2, 4, 5, 7, 8, 10, 13, 15; β3

8 ± β4
j , j = 2, 3, 5, 6, 9, 10, 13, 14;

β3
9 ± β4

j , j = 1, 4, 5, 6, 9, 10, 12, 15; β3
10 ± β4

j , j = 1, 3, 5, 7, 8, 10, 12, 14; β3
11 ± β4

j , j = 1, 2, 6, 7, 8, 9, 12, 13;
β3

12 ± β4
j , j = 1, 2, 3, 7, 9, 10, 11, 15; β3

13 ± β4
j , j = 1, 2, 4, 6, 8, 10, 11, 14; β3

14 ± β4
j , j = 1, 3, 4, 5, 8, 9, 11, 13;

β3
15±β4

j , j = 2, 3, 4, 5, 6, 7, 11, 12; β1
i ±β6

1, j = 1, 2, . . . , 15; β2
1±β4

i , j = 1, 2, . . . , 15; β3
i ±β5

1, j = 1, 2, . . . , 15.
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By applying the conclusion of Theorem 3.5 we can find all subspaces on which the vectors
are structural equigeodesics. Some of them are the following:⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩
Uβ1

1
⊕5

j=2 Uβ3
j
⊕15

k=12 Uβ3
k
Uβ1

1
⊕4

j=1 Uβ4
j
⊕15

k=12 Uβ4
k

Uβ6
1
⊕15

i=1 Uβ1
i

Uβ5
1
⊕15

i=1 Uβ3
i

Uβ3
1
⊕4

i=1 Uβ4
i
⊕15

k=12 Uβ4
k

Uβ3
5
⊕ Uβ4

4
⊕ Uβ4

7
⊕14

i=9 Uβ4
i

Uβ2
1
⊕15

i=1 Uβ4
i

Uβ1
5
⊕ Uβ3

12
⊕ Uβ4

12
Uβ9

1
⊕ Uβ3

5
⊕ Uβ3

10
⊕ Uβ3

15
⊕ Uβ4

5
⊕ Uβ4

10
⊕ Uβ4

15

⎫⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎭
· · · · · · ·⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Uβ1
11
⊕ Uβ3

14
⊕ Uβ4

3
⊕ Uβ4

8
⊕ Uβ4

9
Uβ3

14
⊕7

i=3 Uβ4
i
⊕ Uβ4

1
⊕ Uβ4

11
⊕ Uβ4

13

Uβ1
3
⊕ Uβ3

4
⊕ Uβ4

8
⊕ Uβ4

11
⊕ Uβ4

12
⊕ Uβ4

15
Uβ1

14
⊕5

i=3 Uβ4
i
⊕ Uβ4

1
⊕ Uβ4

11
⊕ Uβ4

8
⊕ Uβ4

9
⊕ Uβ4

13

Uβ1
7
⊕ Uβ3

8
⊕ Uβ4

2
⊕ Uβ4

5
⊕ Uβ4

10
⊕ Uβ4

11
Uβ1

15
⊕ Uβ3

14
⊕ Uβ4

3
⊕ Uβ4

4
⊕ Uβ4

5
⊕ Uβ4

11

Uβ1
3
⊕ Uβ3

3
⊕ Uβ4

2
⊕ Uβ4

5
⊕ Uβ4

8
⊕ Uβ4

11
⊕ Uβ4

14
Uβ3

7
⊕ Uβ1

3
⊕ Uβ1

11
⊕ Uβ1

12
⊕ Uβ4

2

Uβ3
7
⊕ Uβ1

5
⊕ Uβ1

6
⊕ Uβ4

4
⊕ Uβ4

7
Uβ3

7
⊕ Uβ1

3
⊕ Uβ1

8
⊕ Uβ1

14
⊕ Uβ4

5

Uβ3
7
⊕ Uβ1

3
⊕ Uβ1

6
⊕ Uβ4

8
⊕ Uβ4

15
Uβ3

7
⊕ Uβ1

8
⊕ Uβ1

12
⊕ Uβ4

10
⊕ Uβ4

15

Uβ3
7
⊕ Uβ1

6
⊕ Uβ1

11
⊕ Uβ4

7
⊕ Uβ4

8
Uβ3

7
⊕ Uβ1

11
⊕ Uβ1

12
⊕ Uβ1

14
⊕ Uβ4

4
⊕ Uβ4

8
⊕ Uβ4

8

Uβ1
1
⊕ Uβ3

3
⊕ Uβ3

4
⊕15

i=12 Uβ3
i
⊕ Uβ4

2
⊕ Uβ4

3
⊕15

i=12 Uβ4
i
Uβ1

12
⊕ Uβ3

1
⊕ Uβ3

9
⊕ Uβ3

15
⊕ Uβ4

1
⊕ Uβ4

9
⊕ Uβ4
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4.4. Structural Equigeodesic vectors on the flag manifold E8 /(E6 ×U(1) ×U(1)). Let

Π = {α1, α2, α3, α4, α5, α6, α7, α8} be a system of simple roots for E8 with highest α̃ =
2α1 + 3α2 + 4α3 + 5α4 + 6α5 + 4α6 + 2α7 + 3α8. The flag manifold E8 /(E6 ×U(1) × U(1))
is determined by ΠK = Π\{α1, α2}. From Table 1 we have that the positive t-roots are given
by R+t = {α1, α1, α1 + α2, α1 + 2α2, α1 + 3α2, 2α1 + 3α2}. According to Proposition 2.8
(1), we obtain the decomposition (10) where the sumbodules mi are defined by (8). The sets
Rn( j1, j2) = {∑8

i=1 ciαi ∈ R+M : c1 = j1, c2 = j2} are given explicitly as follows:

Rn(1, 0) = {e1 − e − 2} = {β1
1}

Rn(0, 1) = {e2 − ei, i = 3, 4, 5, 6, 7, 8, e2 + e3 + ei, i = 4, 5, 6, 7, 8, e2 + e4 + ei,

i = 5, 6, 7, 8, e2 + e5 + ei, i = 6, 7, 8, e2 + e6 + ei, i = 7, 8, e2 + e7 + e8,

−(e1 + ei + e9), i = 3, 4, 5, 6, 7, 8} = {β2
1, . . . , β

2
27}

Rn(1, 1) = {e1 − ei, i = 3, 4, 5, 6, 7, 8, e1 + e3 + ei, i = 4, 5, 6, 7, 8, e1 + e4 + ei,

i = 5, 6, 7, 8, e1 + e5 + ei, i = 6, 7, 8, e1 + e6 + ei, i = 7, 8, e1 + e7 + e8,

−(e2 + ei + e9), i = 3, 4, 5, 6, 7, 8} = {β3
1, . . . , β

3
27}

Rn(1, 2) = {ei − e9, e1 + e2 + ei, i = 3, 4, 5, 6, 7, 8, −(e3 + ei + e9), i = 4, 5, 6, 7, 8,

−(e4 + ei + e9), i = 5, 6, 7, 8, −(e5 + ei + e9), i = 6, 7, 8, −(e6 + ei + e9),

i = 7, 8,−(e7 + e8 + e9)} = {β4
1, . . . , β

4
27}

Rn(1, 3) = {e2 − e9} = {β5
1}

Rn(2, 3) = {e1 − e9} = {β6
1}

Below we list some roots which satisfy Theorem 3.6:
β1

1 ± β4
j , β

6
1 ± β2

j , β
5
1 ± β3

j , j = 1, 2 . . . , 27; β2
1 ± β3

j , j = 2, 3, 4, 5, 6, 12, . . . , 22; β2
2 ± β3

j , j = 1, 3, 4, 5, 6, 8, 9, 10,

11, 16, 17, 18, 19, 20, 21, 23; β2
3±β3

j , j = 1, 2, 4, 5, . . . , 11, 13, 14, 15, 19, 20, 21, 24; β2
4±β3

j , j = 1, 2, 3, 5, 6, 7, 8, 10,

11, 12, 14, 15, 17, 18, 21, 25; β2
5 ± β3

j , j = 1, . . . , 9, 11, 12, 13, 15, 16, 18, 20, 26; β2
6 ± β3

j , j = 1, 2, 3, 4, 5, 7, 8, 9, 10,

12, 13, 14, 16, 17, 19, 27; β2
7 ± β3

j , j = 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 22 . . . , 27, · · ·
β2

1 ± β4
j , j = 2, 3, 4, 5, 6, 7, 18, . . . , 27; β2

2 ± β4
j , j = 1, 3, 4, 5, 6, 8, 14, 15, 16, 17, 22 . . . , 27; β2

3 ± β4
j , j =

1, 2, 4, 5, 6, 13, . . . , 17, 19, 20, 21, 25, 26, 27; β2
4 ± β4

j , j = 1, 2, 3, 5, 6, 10, 13, 14, 16, 17, 18, 20, 21, 23, 24, 27; β2
5 ±
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β4
j , j = 1, 2, 3, 4, 6, 11, 13, 14, 15, 17, 18, 19, 21, 22, 24, 26; β2

6 ± β4
j , j = 1, 2, 3, 4, 5, 12, 13, 14, 15, 16, 18, 18, 20,

22, 23, 25; β2
7 ± β4

j , j = 3, 4, 5, 6, 9, 11, 12, . . . , 18, · · ·
β3

1 ± β4
j , j = 2, 3, 4, 5, 6, 7, 18, 19, 20, . . . , 27; β3

2 ± β4
j , j = 1, 3, 4, 5, 6, 8, 14, 15, 16, 17, 22, . . . , 27; β3

3 ± β4
j , j =

1, 2, 4, 5, 6, 9, 13, 15, 16, 17, 19, 20, 21, 25, 26, 27; β3
4 ± β4

j , j = 1, 2, 3, 5, 6, 10, 13, 14, 16, 17, 18, 20, 21, 23, 24, 27;

β3
5±β4

j , j = 1, 2, 3, 4, 6, 11, 13, 14, 15, 17, 18, 19, 21, 22, 24, 27; β3
6±β4

j , j = 1, 2, 3, 4, 5, 13, 14, 15, 16, 18, 19, 20, 22,

23, 25, 27; β3
7 ± β4

j , j = 3, 4, 5, 6, 9, 10, 11, 12, 14, . . . , 21, · · ·
From these roots we can find some subspaces for which the vectors are structural

equigeodesics. In particular we have:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Uβ1
1
⊕27

i=1 Uβ4
i
, Uβ6

1
⊕27

i=1 Uβ2
i

Uβ5
1
⊕27

i=1 Uβ3
i

Uβ2
1
⊕ Uβ3

2
⊕6

i=3 Uβ4
i
⊕27

j=22 Uβ4
j

Uβ2
2
⊕ Uβ3

1
⊕6

i=3 Uβ4
i
⊕27

j=22 Uβ4
j

Uβ2
2
⊕ Uβ3

3
⊕ Uβ4

1
⊕6

i=4 Uβ4
i
⊕17

j=15 Uβ4
j
⊕27

k=25 Uβ4
k

Uβ6
2
⊕ Uβ3

7
⊕5

i=3 Uβ4
i
⊕16

j=14 Uβ4
j
⊕20

k=18 Uβ4
k

Uβ2
7
⊕ Uβ3

6
⊕5

i=3 Uβ4
i
⊕16

j=13 Uβ4
j
⊕ Uβ4

18
Uβ2

1
⊕6

i=2 Uβ3
i
⊕22

j=12 Uβ3
j

Uβ2
1
⊕ Uβ2

2
⊕6

i=3 Uβ3
i
⊕21

j=16 Uβ3
j

Uβ2
1
⊕ Uβ2

2
⊕ Uβ2

3
⊕6

i=4 Uβ3
i
⊕21

j=19 Uβ3
j

Uβ2
1
⊕7

i=2 Uβ4
i
⊕27

j=18 Uβ4
j

Uβ2
1
⊕ Uβ2

2
⊕6

i=3 Uβ4
i
⊕27

j=22 Uβ4
j

Uβ2
1
⊕ Uβ2

2
⊕ Uβ2

3
⊕6

i=4 Uβ4
i
⊕27

j=25 Uβ4
j

Uβ3
1
⊕7

i=2 Uβ4
i
⊕27

j=18 Uβ4
j

Uβ3
1
⊕ Uβ3

2
⊕6

i=3 Uβ4
i
⊕27

j=22 Uβ4
j

Uβ3
1
⊕ Uβ3

2
⊕ Uβ3

3
⊕6

i=4 Uβ4
i
⊕27

j=25 Uβ4
j

Uβ2
1
⊕ Uβ2

2
⊕ β�� ⊕ Uβ4

3
⊕6

i=5 Uβ4
i
⊕24

j=23 Uβ4
j
⊕ Uβ4

27
Uβ3

1
⊕ Uβ3

2
⊕ β�� ⊕6

i=4 Uβ4
i
⊕27

j=25 Uβ4
j

Uβ2
3
⊕ Uβ2

4
⊕ Uβ3

5
⊕2

i=1 Uβ4
i
⊕14

j=13 Uβ4
j
⊕ Uβ4

6
⊕ Uβ4

17
⊕ Uβ4

21
Uβ3

4
⊕ Uβ3

5
⊕ β2

6 ⊕3
i=1 Uβ4

i
⊕14

j=13 Uβ4
j
⊕ Uβ4

18

· · · · · ·

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

References

[1] D.V. Alekseevsky and A. Arvanitoyeorgos: Riemannian flag manifolds with homogeneous geodesics,
Trans. Amer. Math. Soc. 359 (2007), 3769–3789.

[2] D.V. Alekseevsky and A.M. Perelomov: Invariant Kähler-Einstein metrics on compact homogeneous
spaces, Funct. Anal. Appl. 20 (1986), 171–182.

[3] A. Arvanitoyeorgos and I. Chrysikos: Invariant Einstein metrics on flag manifolds with four isotropy sum-
mands, Ann. Glob. Anal. Geom. 37 (2010), 185–219.

[4] A. Arvanitoyeorgos I. Chrysikos and Y. Sakane: Homogeneous Einstein metrics on generalized flag mani-
folds with five isotropy summands, Internat. J. Math 24 (2013), 1350077 52p.

[5] A. Arvanitoyeorgos I. Chrysikos and Y. Sakane: Homogeneous Einstein metrics on generalized flag mani-
folds with G2-type t-roots; in Prospects of Differential Geometry and Its Related Fields, Proceedings of the
3rd International Colloquium on Differential Geometry and Its Related Fields, World Sci. Publ., Hacken-
sack, NJ 2013, 15–38.

[6] L. Cohen, L. Grama and C.J.C Negreiros: Equigeodesics on flag manifolds, Houston Math. J. 42 (2010),
356–374.

[7] H. Freudenthal and H. de Vries: Linear Lie groups, Academic Press, New York, 1969.
[8] L. Grama and C.J.C Negreiros: Equigeodesics on generalized flag manifolds with two isotropy summands,

Results Math. 60 (2011), 405–421.
[9] S. Kobayashi and K. Nomizu: Foundations of Differential Geometry, Vol. II, Wiley-Interscience, New

York, 1969.
[10] O. Kowalski and L. Vanhecke: Riemannian manifolds with homogeneous geodesic, Boll. Un. Math. Ital. B

(7) 5 (1991), 189–246.
[11] Y. Wang and G. Zhao: Equigeodesic on generalized flag manifolds with b2(G/K) = 1, Results Math. 64

(2013), 77–90.



888 M. Statha

University of Patras
Department of Mathematics
GR–26500 Rion
Greece
e-mail: statha@math.upatras.gr



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.53333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


