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Nilpotency of gb-triple systems
Guy Roger Biyogmam

Abstract. gb-triple systems are among the generalizations of Leibniz algebras (which includes
Lie algebras) to ternary algebras. In this paper, we extend several results established on nilpotent
Lie algebras to gb-triple systems. In particular we prove an analogue of Engel’s theorem for gb-
triple systems and establish some properties of nilpotent gb-triple systems in connection with
their Frattini ideal. Also, we show the invariance of the nilradical under derivations.

1. Introduction

In recent years, Lie algebras have been generalized to several algebraic structures
endowed with a multilinear operation. In particular, 3-Lie algebras [12] and Lie
triple systems [8, 14] are generalizations of Lie algebras to ternary algebras. An-
other ternary algebra in this picture is Leibniz 3-algebras [10] which generalizes
Leibniz algebras introduced by J. L. Loday [17] as a non commutative version of
Lie algebras. A considerable amount of research (see |2, 3, 9, 11, 16]) has been
devoted in extending classical theorems of Lie algebras to these generalizations.
This paper is a continuation of investigations on gb-triple systems; a new algebraic
structure recently introduced in [6] as another generalization of Leibniz algebras
to ternary operations, and further investigated in [7].

Our purpose in this work is the study of nilpotency on gb-triple systems. In
Section 3 we introduce the Frattini subalgebra and ideal of gb-triple systems and
extend their classical properties known on Lie algebras to gb-triple systems. In
Section 4, we prove that a gb-triple system g for which the Frattini ideal ¢(g) is
a 3-sided ideal is nilpotent if and only if the quotient gb-triple system g/¢(g) is
nilpotent. We also prove an analogue of Engel’s theorem for gb-triple systems,
thanks to the fact that the bracket operator generates the Lie algebra of inner
derivations as in the case of all algebras mentioned above. In Section 5, we show
that the nilradical 2-sided (right) ideal of a gb-triple system is invariant under
derivations.

For the remainder of this paper, we assume that K is a field of characteristic

different to 2, all tensor products are taken over R and all algebras are finite
dimensional.
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2. gb-triple systems

In this section, we recall preliminaries about gb-triple systems and define the quo-
tient gb-triple system.

Definition 2.1. (cf. [6]) A gb-triple system is a & -vector space g equipped with

a trilinear operation [—, —, —]; : g*% —> g satisfying the identity

[, 9, [a, b, clglg = [a, [z,y,blg, clg — [[a, 2, clq, ¥, blg — [z, [a, y, clq, D]q- (2.1)
Definition 2.2. (cf. [6]) Let (g,[—, —, —]g) be a gb-triple system. A subspace S
of g is a subalgebra of g if (S,[—, —, —]4) be a gb-triple system.

Example 2.3. See Example 2 and Example 8 in [6].

Definition 2.4. (cf. [6]) A subalgebra J of a gb-triple system g is called ideal
(resp. left ideal, right ideal) of g if it satisfies the condition [g,ﬁ,g]g C T (resp.
[g,g, 3}9 C 7, resp. [J,Q,g]g C 7). If J satisfies these three conditions, then J is
called a 3-sided ideal.

Remark 2.5. (cf. [6]) If S is a subalgebra of a gb-triple system g, then the left
normalizer
Ny(S):={reg: [2,5g],CS}

and the right normalizer
N (S) = {reg: [g,S,x]g c S}

of S in g are also subalgebras of g. Note that this statement is not true for Leibniz
algebras since the right normalizer of a subalgebra of a (left) Leibniz algebra need
not be a subalgebra (see [5, Example 1.7]).

Moreover, S is an ideal of g if and only if 91} (S5) = g = 917(5).

Definition 2.6. (cf. [6]) Given a gb-triple system g, the center Z(g) and the
derived algebra of g are defined respectively by

Z(g) = {:v €9 [g2,9], =0}
and
[979’9] = {[al,amas]g, ai,az,az € 9}-

g is said to be perfect if [g,g7g]g = g, and abelian if [g,g,9] =0.

6=

Definition 2.7. The full center Z;(g) of a gb-triple system g is defined by

Z1(g) ZZ(G)ﬂ{xeg : [g,g,x}g =0 and [x,g,g]g :0},



Nilpotency of gb-triple systems 29

The following result is straightforward.
Proposition 2.8. A gb-triple system g is abelian if and only if Z;(g) = g.

Note that Z(g) is an ideal of g while Z;(g) and [g,g,g]g are 3-sided ideals of

g. Let J be a 3-sided ideal of a gb-triple system g. Then the quotient space g/J
has a natural gb-triple system structure given by the bracket

[+ 3,y+3,24+3]g5 = [r,y,2] + 7. (2.2)
Notice that if t +J=2'+J, y+JT =9y +Jand 2+ T =2’ + 7, then
[y, 2]g = [2' + (@ =2,y + (y—9), 2" + (2 = 2],
=y, g+ 2"+ (x—2),y—y,2 +(z =2,
+ [(:L‘ - x/),yl7z/ + (Z - Z/)]g + [xlﬂylv (Z - Z/)]Q

and thus [z,y,z|g+ 3 =[2/,¢,2/]g + Tsincex —a’ € J,y—y € TJand z— 2" €7
as J is a 3-sided ideal. That the bracket (2.2) satisfies the identity (2.1) follows by
definition.

Definition 2.9. g/J endowed with the bracket (2.2) is called quotient gb-triple
system of g by J.

Recall that if V' is a vector space endowed with a trilinear operation o : V' x
V xV — V, then amap d: V — V is called a derivation with respect to o if

d(o(2,y,2)) = o(d(z),y,2) + o(z,d(y), 2) + o(,y,d(2)) (2.3)

Remark 2.10. Let g be a gb-triple system. Then by [7, Remark 3.9], the Lie
algebra Der(g) of derivations of g has a gb-triple system structure when endowed
with the bracket

{dh d27 d3} = [d27 [dla d3] De’r(g)] Der(g)’

Remark 2.11. For every derivation d of g and z,y,y’, 2 € g, it follows by (2.3)
and by setting o = [—, —, —]4 that

[:&y + d(y/>7z]g = [m,y7z]g - [d(w),y’,z]g - [mvy/7d(z)]9 + d([x,y’,z]g).

So if J is an ideal of g, then J + d(J) is also an ideal of g.

3. The Frattini subalgebra of gi-triple systems

This section is devoted to the introduction of the Frattini subalgebra and Frattini
ideal of gb-triple systems.

Definition 3.1. A maximal subalgebra m of a gb-triple system g is a proper sub-
algebra of g such that no proper subalgebra S strictly contains m.
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Remark 3.2. Let m be a maximal left ideal of a gb-triple system g. Then as m
is a left ideal of g, m C 9y (m). Now since m is maximal, then 9t;(m) = m or
Ny (m) = g.

Definition 3.3. The intersection of all maximal subalgebras of a gb-triple system
g is the subalgebra F(g) of g called the Frattini subalgebra.

Definition 3.4. The largest ideal of a gb-triple system g contained in F(g) is
denoted ¢(g) and called the Frattini ideal of g.

Proposition 3.5. Let g be a non perfect gb-triple system. Then F(g) C [g,9, ¢lg-
In particular, F(g) = 0 if g is abelian.

Proof. By contradiction, let € F(g) with = ¢ [g,9,g]y. Any subalgebra S of
g with dimension dimg — 1 containing [g,g,gl; and with ¢ S is a maximal
subalgebra of g. A contradiction with = € F(g). O

Following the proofs of [2, Propositions 2.1, 2.2, 2.4], it is easy to show that
the following statements which hold for Leibniz 3-algebras also hold for gb-triple
systems.

Proposition 3.6. Let g be a gb-triple system and J an ideal of g. Then there are
proper subalgebras Sand S’ of g such

(1) g =34 S iff T is not contained in F(g).
(2) g=T4 5" iff T is not contained in ¢(g).

Proposition 3.7. Let g be a gb-triple system, J an ideal of g and S a subalgebra
of g. Then the following statements hold:

If S+ F(g) = g, then S = g.

If S+ ¢(g) = g, then S = g.

If 3 C F(S), then 3 C F(g).

If3C¢(S), then 3  ¢(g).

If F(S) is an ideal of g, then F(S) C F(g).
If ¢(S) is an ideal of g, then ¢(S) C ¢(g).
(F(g) +3)/3 C F(g/3).

(¢(9) +3)/3 € 6(g/7).

If 3 C F(g), then F(g)/3 = F(g/J).

If 3 C ¢(g), then ¢(g)/T = ¢(g/7).
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11) If F(g/3) = 0, then F(g) C 7.

(11)
(12) If ¢(g/7) = 0, then ¢(g) € J.
(13)
(14)

13) If S is minimal with respect to g =T+ S, then TN S C g.

14) If 7 is abelian and TN $(g) = 0, then g = T+ K for some subalgebra K of g.

Proof. The proof is similar to the case of Lie 3-algebras (see [2]). O

4. Nilpotency of gbi-triple systems

4.1. Definition and Examples

Definition 4.1. The lower central series of a gb-triple system g is the sequence
of subalgebras defined by g**t1) = [g,g(®), g] with g(*) = g.

A gb-triple system g is nilpotent if this sequence terminates, i.e., g(® = 0 for
some positive integer s. The smallest of such values s is called class of nilpotency
of g.

Remark 4.2. Let g be a nontrivial nilpotent gb-triple system of class s. Then the
following holds.

(1) g has a non trivial center. Indeed, since there is some positive integer s
such that g(*) = 0 i.e. [g,g0*™Y, g]; = 0, it follows that g*= C Z(g).

(2) g is abelian if and only if its class is s = 2.
Proposition 4.3. Let g be a gb-triple system. Then g is nilpotent if and only if
9/Z(g) is nilpotent

Proof. If g is nilpotent of class s, then [g,g®*" ", gl = g = 0. Using (2.2)
it is easy to show that (g/Zf(g))(s) = g9/Z;(g9) = Zs(g). Therefore g/Z;(g
is nilpotent. Conversely, if g/Z;(g) is nilpotent of class s, then g(*)/Z;(g)
(8/21())"”) = Zy(a). This implies that )  Z;(g). So gV = 3,9, gl
l9,Z¢(g),0]g = 0. Hence g is nilpotent.

— 3

N

It is worth mentioning that the above definition of nilpotency appears to extend
the definition of nilpotency for both left and right Leibniz algebras [11].

The following theorem classifies a subfamily of two dimensional nilpotent com-
plex gb-triple systems.

Theorem 4.4. Up to isomorphisms, there are three two-dimensional nilpotent
complex gb-triple systems with one dimensional derived algebra.

Proof. Among the seven two-dimensional complex gb-triple systems with one di-
mensional derived algebra established in the proof of [6, Theorem 11|, only the
following are nilpotent, all with class of nilotency s = 3.
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aay, ifi j k=2

0, else

g2 : [aiaajzak]g = {

ar, ifi=1, j k=2
ggz[ai,aj7ak]g: —ay, 1f7,,j=2, k=1 5

0, else

a, ifi=1, j k=2
Cay, i =2 k=1
8« [air a5, arg = aay, if i g k=2
0, else

with o # 0. O

It was shown in [3] that every maximal subalgebra m of a nilpotent 3-Lie
algebra L is an ideal of L. The following example shows that this statement does
not hold for gb-triple systems, and Corollary 4.7 shows that the result holds if m
is a maximal left ideal (or right ideal).

Example 4.5. Consider the nilpotent gb-triple system g3 above with basis {a;,as}.
The one-dimensional subspace with basis {as} is a maximal subalgebra of g3, but
not an ideal of g3 since [a1, a2, a2]y = a1 €< as > .

Asgin Lie algebras, we say that a gb-triple system g satisfies the right normalizer
condition if there is no proper subalgebra S of g such that 91} (S) = S. The following
result which holds for groups and Leibniz algebras also holds gb-triple systems, and
the proof is similar.

Proposition 4.6. Nilpotent gb-triple systems satisfy the right normalizer condi-
tion.

Corollary 4.7. If m is a maximal left or rihgt ideal of a nilpotent gb-triple system
g, then m is an ideal of g.

Proof. Since g is nilpotent, it follows from Proposition 4.6 that m 7 91y (m). So by
Remark 3.2, 973 (m) = g. Hence m is an ideal of g. O

4.2. Engel’s Theorem for gi-triple systems

Definition 4.8. (cf. [17]) A Leibniz algebra (sometimes called a Loday algebra,
named after Jean-Louis Loday) is a & vector space L with a bilinear product [—, —]
satisfying the Leibniz identity

[z, [y, 2] = [[=, 9] 2] + [y, [, 2]] (4.1)
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A Leibniz algebra L is nilpotent if L<5> = 0 for some positive integer s, where
L<1> = L and L<*t'> = [L, L<*>]. A 2-sided ideal of L is a subalgebra I of L
satisfying [I, L] C L and [L,I] C L.

Proposition 4.9. Every Leibniz algebra L has a gb-triple system structure given
by the bracket

{z,y,2} = [[z, 2], y].

Proof. To check that {—, —, —} satisfies the identity (2.1), let x,y,a,b,c € L; we
have on one hand

{z,y.{a,b,ct} + {Ha, 2, ¢}y, b} = [[z,{a, b, c}], y] + [{a, 2, c}, 0], 4]
= [z, [[a, ], 0]], 4] + [[[a, ], 2], 0], 4]
= [Ha7 c], [x,b]], y] .

On the other hand

{a’ {x,y,b},c} - {xv {avyvc}ab} = [[a,c],{x,y,b}] - Hx7b]’{avyac}]
= [[a,c],[[x,b],y]] - [[vaL [[a,c]y]].

The equality holds by the identity (4.1). O

Now recall that for a gb-triple system g, g®? is a Leibniz algebra (see [6, Propo-
sition 2.1]) when endowed with the bracket

[a1 ® az, b1 ® bz]g®2 = [alvblvaﬂg @by +b1® [al,bQ,GQ]g-

Lemma 4.10. Let k be a positive integer such that k > 2. Then for all a1, b1, as, ba,
s aakvbkv gi1,92 € g we have

[al ® by, [a2 ® ba, [ ) [(lk ® bk, g1 @ g2]9®2]g®2]g®2]g®2

= [al, [CLQ, [ .. [ak,gl,bk]g .. .]g,bg]g,b1]g X g2

+ g1 ® [a1, [az, [. . . [ak, 92, bilg - - -Jg, b2]g, b1lg
k—1 R

=+ Z[al, [ag, ceey [C/l\“ - [ak,gl,bk]g .. .,bi]g, L. bg]g,bl]g ® [ai,gQ,bi]g
i=1
k—1 R

+) [ai, g1, bilg ® [a1, [az, -, [@, .- [ak, g2, bklg - - bilgs - - balg, bilg,
i=1

where § means that the variable g is deleted.

Proof. The proof follows by induction and by the formula (2.1) in [6, Proposition
2.1]. O
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Corollary 4.11. If g is a nilpotent gb-triple system of class s, then g2 is a
nilpotent Leibniz algebra of class s + 1.

Proof. The proof follows directly by Lemma 4.10. O

Recall also that the map Ay, gg, : § — g defined by Ay g4, (2) = [91, 2, g2]q is
a derivation of g, and the subspace 2(g) = {Ag,@q, | 91,92 € g} is a Lie algebra
(see [6, Proposition 2.1]) with respect to the product

[Aal®1127 Ab1®b2]g[(g) = Aal®a2 © Ab1®b2 - Ab1®b2 © Aa1®a2'

Proposition 4.12. Let g be a gb-triple system, Kz{g1 ®g2 € %% Ay g0 = 0}.
If b := g®?/K is a nilpotent Leibniz algebra of class s, then g®? is a nilpotent
Leibniz algebra of class s + 1.

Proof. From the proof of [6, Proposition 2.4], we have
A[a1®a27bl®b2]g®2 = [Aa1®a27 Ab1®bz]gl(g)

for all ay,as,b1,by € g. It follows that K is a 2-sided ideal of g®2. Since b is
nilpotent of class s, ad(bs)(b) = {[hl, [ha,[. .., [hs, hloleloly, R1she, ... he h € h} =
K. This implies that ad;‘i@))2 (g%?) C K. Now for all g ® g2 € K and a ® b € g®2,

we have
adg,0g,(a®b) = [g1 ® g2,a ® b]g®2

=[91,a,92]g ® b+ a® [g1,b, 92]4
= A91®92 (a) ®b+a® A91®£]2 (b) =0.

So [K,g%?|4e2 = adg (g®?) = 0. Therefore

ad;%tl)(g®2) _ [adé‘& (9®2)79®2]g®2 C [K,g%%] 402 = 0.

Hence g®? is nilpotent of class s + 1. O

The following theorem is known as Engel’s Theorem. It was extended to Leibniz
algebras in [1].

Theorem 4.13. (cf. [13]) A Lie algebra L is nilpotent if and only if ad, is nil-
potent for any x € L, where ad,(y) := [z,y].

Note that the Leibniz algebras version of Theorem 4.13 could be used to prove
Proposition 4.12.
The following is a Engel-like Theorem for gb-triple system.

Theorem 4.14. A gb-triple system g is nilpotent if and only if Ay, g4, s nilpotent
for every g1, g2 € g.
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Proof. Assume that g is nilpotent. Then g(*) = 0 for some positive integer s. So
for every g,a1,...,a5-1,b1,...,bs_1 € @,
[ala [CLQ, [ LR [as—lvg, bs—l}g .. ~]ga bZ]gv bl]g =0.
that is
Aa1®b1 o Aa2®b2 ©...0 Aa571®b371 (g) =0.
In particular,

(Ag1®gz 0 Ag®g 09 Agi0gs )(9) =0 for every g1,92 € g.

(s-1)-times
So for every g1,g92 € 9, Ay, g, is nilpotent.

Conversely, assume that Ay g, is nilpotent for every gi,g» € g. So the Lie
algebra A(g) = {Ag,0g, | 91,92 € g} is a Lie algebra of nilpotent linear maps.
Moreover, by the proof of [6, Proposition 3.6], 2(g) is an ideal of Der(g), and
thus a closed subset of End(g). It follows by [9, Theorem 3.5] that the associative
subalgebra generated by 2((g) is nilpotent. So there exists a positive integer s such
that

(Aa1®b1 0An, @by ©--- 0 Aas®bs)(g) =0 forall g,a1,...,as,b1,...,bs €g.
This implies that

lai, [az, [ .., [as,9,bs]g - ]g,b2]g,b1]g =0 forall g,ai,...,as,b1,...,bs € g.
Hence g(**1) = 0. Therefore g is nilpotent. O

Corollary 4.15. Let g be a gb-triple system. Then if g is nilpotent, so is any
subalgebra S of g.

Proof. Let S be a subalgebra of g. If S is not nilpotent, then by Theorem 4.14
(s)

there exists g1,92 € S such that the restriction Aj %

s # 0 for all positive

integer s. But this implies that Aésl)@gz) # 0 for all positive integer s. So Ay g, is
not nilpotent, and thus g is not nilpotent by Theorem 4.14. O

Corollary 4.16. If L is nilpotent as a Leibniz algebra, then L is also nilpotent as
a gb-triple system.

Proof. For all g1,92 € g, Ag,04, = adjg, 4,] by Proposition 4.9. The result now
follows by applying both Engel’s theorems for Leibniz and gb-triple systems. O

4.3. Nilpotent ideals of gb-triple systems

For an ideal J of a gb-triple system g, consider the series defined by 3(©) = g, and
36D = 13,3), g] with 3 = J where s is a positive integer, s > 1.

Proposition 4.17. 3 is an ideal of g for every integer s > 0.
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Proof. The cases s = 0,1 are trivial. By induction, assume that for s > 2, J(s—1)
is an ideal of g and let z,y,2z € g,b € J and a € 31 Then it follows from the
identity (2.1) that

[xa [b7a7z]gyy]g = [b,a7 [xuzay]g]g + Hx7ba y]g7a72]g + [b7 [5570479]972]9 € j(s)'
N—— ———

€7 € 3G-1
So J() is an ideal of g. O
Proposition 4.18. Let J, and Jo be two ideals of g such that I, C J5. Then
j(ls) c jés)
for all integer s > 0.

Proof. The cases s = 0,1 are trivial. By induction, assume that the result is true
for s > 2. Then 3" = (3,3, ], C (32,35 g, = 35 O

Definition 4.19. An ideal J of g is nilpotent if 3®) = 0 for some positive integer
s. The smallest of such values s is called class of nilpotency of J.

The following lemma provides the fitting decomposition of a gb-triple system
relative to a derivation in (g).

Lemma 4.20. Let g be a finite dimensional gb-tiple system and g1, g2 € g. Then
g=0goPm

with go = {z € g | A;i)®92 (z) =0 for some integer s > 0} and Ag,g4,(9) =9

Proof. Apply the Fitting Lemma [15, Chapter 2] on the linear transformation
A91®g2' ]

The spaces go and g; are called the Fitting null and one-components of g with
respect to Ay, gg,-

The following theorem was proved in [4] for Lie algebras and in [18] for n-Lie
algebras.

Theorem 4.21. Let g be a gb-triple system. If 31 and Jo are 3-sided ideals of g
such that 3, C ¢(g) N T and J5/T1 is nilpotent, then Jo is nilpotent.

Proof. We proceed by contradiction. Assume that Js is not nilpotent. Then by
Theorem 4.14, there exists g1,g2 € Jo such that Aésl)@m (x) # 0 for all positive
integer s. By Lemma 4.20 let gg and g; be the Fitting null and one-components of

g with respect to Ag, g,. Since Js is a 3-sided ideal, it follows that g; C J>. Also,
since J5/J; is nilpotent we have jgk) C J; for some positive integer k. It follows

by definition of g; that g; = Aé’f)@,gz (g1) C jgk) C J;. Therefore g1 C ¢(g). So
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g = go + ¢(g). Now since by [6, Proposition 2.6] A,, g, is a derivation of g, go is
a subalgebra of g. So there is a maximal subalgebra m that contains gg. Since by
definition ¢(g) C m , it follows that m = g. This contradicts the maximality of m.
Therefore J5 is nilpotent. O

Corollary 4.22. Every 3-sided ideal of a gb-tiple system g contained in the Frat-
tini ideal ¢(g) is nilpotent. In particular, if $(g) is a 3-sided ideal, then ¢(g) is a
nilpotent ideal of g.

Proof. Let J be a 3-sided ideal of g such that J C ¢(g). The result follows from
Theorem 4.21 by setting J; = J5 = J. In particular, take J = ¢(g) to show that
¢(g) is nilpotent. O

Corollary 4.23. Let g be a gb-triple system for which ¢(g) is a 3-sided ideal.
Then g/¢(g) is nilpotent if and only if g is nilpotent.

Proof. The first implication follows from Theorem 4.21 by setting J; = ¢(g) and
Jy = g. Conversely, if g is nilpotent, then g(*) = 0 for some positive integer s. So

(0/6(2)) = 9 /6(g) = ¢(g). O

5. Invariance of the nilradical under derivations

The following Lemma which was proved (see [9, Lemma 3.3]) for Leibniz 3-algebras
also holds for gb-triple systems, and the proof is identical.

Lemma 5.1. For every derivation d of g and every positive integer s,

s!
27k

&yl = 3

i+j+k=s

[d(x). &/ (4). d*(=)] . (5.1)

Analogues of the following results were established in [16] for Leibniz 3-algebras.

Proposition 5.2. Let J be an ideal of a gb-triple system g and d a derivation of
g. Then

(d(3) € d*(39) (5.2)
for all positive integer s.

Proof. Notice that the assertion is trivial for s = 1. Now assume by induction that
the result holds for any positive integer s, then

(d(3) "7 = [d(2), (d3))". a], € [AD), (@*(3)), 0], €+ (D) by (5.1).

O



38 G.R. Biyogmam

Proposition 5.3. Let J be an ideal of a gb-triple system g and d a derivation of
g. Then for all s > 2

3+ @) <+ (@) + 3 @) (5.3)

Proof. We verify the assertion for s = 2.
(3 +d(3)"? [J—I—d( ), 3+d(3), gl
= [jv d(j>7 g]g + [d(j)v d(j)v g]g
CI+d(3?) + (d(3)? by (5.1).

+
S

Now assume by induction that the result holds for any positive integer s, then

(3+d(2)" = [3+d(9), (3 +d(3)" 4],

C [3+4d(3),5 + (d3)™ + sz_:di(3<s>), o]
C I+, glg + Z [3,d'(3%)), g,
+[d(3), (d(3 g+Z 3),d'(3%)). g,

CI+ ds(j(erl)) + Zdi(rj(erl)) +(d(rj))(s+1)
—— P
by (5.2) and (5.1) by (5.1)

s—1

+ > () by (5.1)

i=1
CI+2) d'(90F) + (d(3) Y
i=1
CI+ ) d(IET) 4 (d(3)) T, O
i=1
For the remainder of this paper, we assume that all ideals are also right ideals.
We call them 2-sided (right) ideals.
Lemma 5.4. If 31 and J2 are 2-sided (right) ideals of a gb-triple system g, then

G +3)%c Y PNy

i+j=s,
0<i,j<s
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Proof. By definition, (31 +32)" =3, + 3, = 3" N3 + 300 N3 since 3V =

357 = g. By induction, assume the result holds for (J; + 32)(3 Y Then

(314 9) = (30 + 9, (31 +32) 7Y

)(8—1)

ag]g
- po ~ ~ ~ s—1

= [0, (31 +92) 7V gl + [T, (31 4+ 32) 7 gl

5—2

g [317:7&8_1)79}9 + Z I:J j(s " 1) nj(r)a + [jlvjés_l)vg}g

r=1

+[3273§5_1),g]g+z 32,377V 38, ]+ (92,387, dlg
r=1

> 5Ny
i+j=s,
0<4,7<s

because
[317 j(s—r—l) n jév)’ g] c j(s r) mj(T)

[3 jsrl)ﬂjg ’g] strlmJ(r+1’
and
31,38,0], €3V N3, [32,3,0], <33

as jgs_r_l), 3; , jgs ,325) are ideals and J;, Jo are right ideals. O

Proposition 5.5. IfJ; and Jo are nilpotent 2-sided (right) ideals of g, then 31472
is also a nilpotent 2-sided (right) ideal of g.

Proof. This follows by definition and using Lemma 5.4. More precisely one shows
that if J; is nilpotent of class s; and Js is nilpotent of class ss, then J; 4+ Js is
nilpotent of class s1 + ss. O

As a consequence of Proposition 5.5, the sum of all nilpotent 2-sided (right)
ideals of g is also nilpotent and contains all nilpotent 2-sided (right) ideals of g.
It is the unique maximal nilpotent 2-sided (right) ideal called nilradical 2-sided
(right) ideal of g and denoted 1.

The following result shows that 91 is invariant under derivations of g.

Corollary 5.6. For every derivation d of g, we have d(91) C IN.

Proof. Since 9 is nilpotent, M(*) = 0 for some positive integer s. Then by (5.2)
and (5.3), it follows that (% + d(9)" € N+ (@) € N+ a*(MO) € m.

Now by Proposition 4.18, (9 +d(91))**) € :() = 0. Thus 9+ d(M) is nilpotent.
Therefore 9t + d(91) C D as N is maximal. Hence d(DN) C N. O
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