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Abstract
In this paper, we study the centroid of a symplectic ternary algebra
and find some elementary properties. In particular, some further results
concerning centroid for nilpotent and simple symplectic ternary algebras
are obtained. At the same time, we discuss the central derivation of the
symplectic ternary algebras.
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1 Introduction

The algebras studied here are a generalization of the class of ternary alge-
bras , a variation of Freudenthal triple systems[l]. The advantage of the
latest algebras, which we call Symplectic ternary algebras, is that they are
defined by identities and hence admit direct sums. JOHN.R.FAULKENER
and JOSEPH .C.FERRAR study the structure of this algebra, discussed the
semisimple Symplectic ternary algebras and give a classification of the simple
algebras over algebraically closed fields of characteristic 0. They construct a
good connection between Lie triple systems and Symplectic ternary algebras,
so it is naturally that we can generalize the conclusion from Lie triple system
to Symplectic ternary algebras.

A centroid is closely related to the derivation algerba [2-5]. It can be used
to character the properties of algebras. Naturally we consider the centriod
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of symplectic ternary algebras. We then In section 3 give the definition of
centroid and establish some elementary properties for centroid, give the rela-
tionship between the decomposition and the centroid and some further results
concerning centroid for solvable Symplectic ternary algebras. Section 4 is de-
voted to investigate the central derivations of a Symplectic ternary algebra.

We claim that Lie triple systems, Symplectic ternary algebras and Lie
algebras considered will be finite dimensional over a field K of characteristic
ZEro.

We recall some definitions, notations and facts which can be found in [6] .

A symplectic ternary algebra U is a vector space with a trilinear
product < x,y, 2z > and satisfies the following identities:

S([L’,y) :L(l‘,y)—L(y,ZL') zR(x,y)—R(y,x), (1)

S(z,y)R(z,w) = R(z,w)S(z,y) = R(25(2,y),w) = R(z,wS(z,y)),  (2)

[R(z,y), R(z,w)] = R(zR(z,w),y) = R(z,yR(w, 2)), (3)
where z,y,z,u,v € U. Define L(x,y), R(z,y)by < z,y,z2 >= L(z,y)z =
R(y, z)z.

Define L(z,y),U(z,y) € EndU by < z,y,z >= L(z,y)z = R(y,z)z =
Uz, 2)y.

Example Let U be a vector space with non-degenerate skew form <, >
with product defined by

1
<y, z>= §(< Ty >zt <y, z>x+<z,z>y),x,y 2 €U

We can verify U is a symplectic ternary algebra by direct calculation.

An ideal of a symplectic ternary algebra U is a subspace [ satisfying <
U I,U>C Sand < I,U U >C Sor<U,U,I>C1I. Anideal I ofU is called
nilpotent if there is a positive integer k for which I* # 0, I**! = 0, where
=1 =< II>+<[I*I>+<II11I>.

We define

ZU)={zeU| <z, UU >=<U,z,U >= 0}

the center of U,clearly if z € Z(U) , we have < U, U,z >= 0 and It is easy
to see that Z(U) is an ideal of U.
If a symplectic ternary algebra can be decomposed into some nonzero ideals

I; suchthat U =1, ® I, ® ... D I;,we call it decomposable.
A derivation of U is a linear transformation D of U into U such that

D <zxy,z>=<D(x),y,z2 >+ <x,Dy),z>+ <z,y,D(z) >.
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A isomorphism o of U — U is called automorphism, if it satisfied
o< x,y,z>=<o(zx),o(y)o(z)>.

A Lie triple system (LTS) is a vector space T over a field K with a
ternary composition [, , | which is trilinear and satisfies the following identi-
ties:

[ZL’,y,Z] == ZL‘,Z,y],

[z, y, 2] +ly, 2, 2]+

and

[w,v, [z,y, 2]] = [[w, v, 2]y, 2]+ [z, [u, v, 9], 2]+ [z, y, [u, 0, 2]],
for all x,y, z,u,v € T.

A derivation of T is a linear transformation D of T to T such that

Dlwyz] = [(Dx)yz] + [x(Dy)z] + [zy(D=2)].

Define L(x,y), R(x,y) € EndgT by [z,y, 2] = L(z,y)z = R(z,y)x, we can
see that (4),(5),(6) shows that all L(z,y) are derivations. A derivation D of
the form D =3 L(x;,y;),Va;,y; € T, is called an inner derivation. The set,
DerT, of all derivation of T' is a Lie algebra of linear transformation acting in
T, the so-called derivation algebra of T

Note that for the ternary composition in 7" and the binary bracket in
L(T),we have [z,y, z] = [[z,vy], 2] for x,y,z € T.

A subspace I of T is called a subsystem if [I,I,I] C I. A subspace I of
T is called an ideal (denoted by I «T') if [I,T,T] C I. For the same reason ,
a subspace [ is an ideal if and only if [, T, 7]+ [T, 7,11+ [T,I,T) C I. T is
called simple if [T,7T,T] # 0 and T has no proper ideals.

An ideal I of T is called solvable [8] if there is a positive integer k for which
I® =0, where I = [, 1M = [I,1,1],---, 1) = [T, 1™ [™]. Notice that,
for each n, I is an ideal of T and I D I™M D ... D I T is called semi-
simple if the radical R(T) (the unique maximal solvable ideal) of T is zero.
T is called nilpotent if there is a positive integer k such that 7% = 0, where
™°=7"T =[TTT),---, 7" =[T",T,T).

T is called abelian if T = TW = [T, T, T] = 0.

For a subsystem I of T ,define the centralizer of I in T, Zp(I) .= {x € T |
[z, I,T] = [z,T,I] = 0}.In particular, Z(T) := Zy(T) :={x € T | [z,T,T] =
0} is the center of T.

A Lie triple system T is said to be decomposable if there are nonzero ideals
Ay, As such that

A=A,® A

and [A;, Ay, T| =0. Otherwise we say that 7" is indecomposable. Clearly if T’
is a simple Lie triple system then T is indecomposable.
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To conclude this section, we record the following facts which will be needed
in sequel.

Theorem 1.1 Let T be an indecomposable, nilpotent, non-abelian LTS,
then Z(T) C T".

Proof For T is a nilpotent LTS, obviously,Z(T) # 0,T" # T. If Z(T) is
not contain in 7%, denoteM = Z(T)NT", Let uy, us, - - -, us is a basis of M and

extend it to a basis of T iy, g, -+, Uy, gy -+ + 5 U, DA Up, Uy -+ -, Ug, VY, * =+, V).
then wy, s, -+, U, Uit ** U, V1, -+ -, v; i & basis of Z(T) + T, extend it to
a basis of T
m+1
Uy, Uy =y Uty U1, 00 5 U,y , U sttty Ug, Uyttt U,

then T' = L(vy,---,v;) & L(uy, ug, -, us) = I + J,where I,J are ideals of T,
which leads a contradiction.

2 The centroid Symplectic ternary algebra

We define, in this section, the centroid of a Symplectic ternary algebra U, and
enumerate several elementary results concerning the centroid.
Definition 2.1 Let U be a Symplectic ternary algebra, and

D(U) ={¢ € End(U)|¢L(x,y) = L(z,y)9,pU (2,y) = U(x,y)¢,Vo,y,2 € U},

we call I'(U) the centroid of Symplectic ternary algebra U. If ¢ € T'(U),by def
()and (1.1), the following is easily to proved.i.e.p < z,y,z >=< ¢x,y,z > .
If ¢ € I'(U),and ¢ is isomorphism, we have

¢l <muy,z2>=9¢ ' <P a Y,z >=0" "9l <x,y,z >=<¢ 'z, Y,z >

similarly we have ¢~! < x,v,2z >=< x,¢ 'y, 2z >, which means that ¢! €
).

Example 2.1 If Symplectic ternary algebra U has the decomposition
U=U®U; ... 05U, where U; are ideals of U. Let m; be the canonical
projection of U on U;, then 7;,i = 1,2 € I'(U), and 7 + mp = id.

By direct calculation,the following theorem can de easily got:

Theorem 2.1 I'(U) is an associative algebra and a Lie algebra.

Theorem 2.2 Let U be a Symplectic ternary algebra, then U is inde-
composable if and only if V¢ € T'(U), the eigenvablues ¢ are equal.

Proof When dimU > 1, suppose U is the direct sum of the root space for
such :U = Y \U,,where

Uy ={z € U|(¢ — Md)™ = 0}

For AMId € T'(U), so (¢ — Md)™ € T'(U), So (¢ — Ad)"™ < Uy, U, U >= 0,
which means that < Uy, U,U >C U,, similarly < U,U,,U >C U,, i.e. U, is



The Centroid of Symplectic Ternary Algebras 685

an ideal of U. Since Uy, NU,, = 0, then U is decomposable, which leads a
contradiction.

Conversely, if the eigenvalues of ¢ € I'(U) are equal. Suppose U is decom-
posable and U = U; & U,y, where Uy, U, are nonzero ideals of U. Thanks to
example 2.1, my is in ['(U) and m; is a idempotents # 0, Id, which completes
the proof.

The following two propositions have proved in [7], which gave the relation-
ship between the decomposition and the centroid.

Proposition 2.1 let U be a Symplectic ternary algebra, ¢ € I'(U), then
there exists a natural number k such that U = Ker¢® @ Imo¢" .

Proposition 2.2 Let U be an indecomposable Symplectic ternary alge-
bra, and

O1+ P2+ + Oy = 1d.

where ¢1, ¢o, -+, ¢ € ['(U), Then ¢; € Aut(U) for some i.
Theorem 2.3 Let U be an indecomposable Symplectic ternary algebra,
N is the nilradical of Lie algebra I'(U),then

I'(U) = FId+N,

where N is constituted by the nilpotent elements.

Proof V¢ € TI'(U), the Jordan decomposition is ¢ = ¢s + ¢, where
os, On, are semisimple and nilpotent rspectively. Thanks to theorem 2.2, ¢, =
kld, so ¢, € T'(U), then ¢ — ¢s = ¢, € I'(U) too. Denote N the set of
nilpotent elements of D(U), for ¢y, ¢n, € N and ¢’ = ¢!, = 0, then we have
(b, + Pny)* = 0, where k = maxz(m, (), which shows that N is a subspace of
).

For any ¢ € T'(U), ¢, € N, since det(¢pp,) = det(¢p,¢) = 0, which leads to
OO, Ond € N, 80|, 0n] = dbn — P € N, hence N is a nilpotent ideals in
['(U). By the definition of N, N is the nilradical of Lie algebra I'(U).

Theorem 2.4 Let T be an indecomposable and semisimple LTS, then
I(T) = FId.

Proof By theorem above, I'(T) = FId+N. If N # 0, we have a ¢ € T'(T)
is nilpotent, suppose ¢(T') = I. Firstly, by the definition of centroid, it is
obvious that I # 0 is an ideal of T

By induction on n,we get I+ = [T, [ [M] C ¢*2++7=1] For ¢ is
nilpotent, then there exists k € Z such that ¢* = 0, then we have I*) = 0,
which shows [ is a solvable ideal of T', a contradiction.

Since U be an indecomposable and semi-simple Symplectic ternary algebra
only and only if T(U) is an indecomposable and semi-simple LTS and the
relationship between the centroid of U and T'(U), it is easy to get this corollary.

corollary 2.1 Let U be an indecomposable and semi-simple Symplectic
ternary algebra, then I'(U) = FId.
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For Symplectic ternary algebra U and it’s associative Lie triple system
T(U), by the same method, we can obtain the following theorem.

Proposition 2.3 Let U be a sovalble non-abelian and indecomposable,
then Z(U) C U.

Proof Because a Symplectic ternary algebra U is solvable non-abelian
and indecomposable if and only if the lie triple system associated with it T'(U)
is solvable non-abelian and indecomposable, so Z(T(U) C T(U)* by theo-
rem2.1. And Z(T(U)) =T(Z(U)) [7]), T(U)* C T(U"), so T(Z(U)) C T(UY),
which means that Z(U) C U'.

Theorem 2.5 Let U be an indecomposable nilpotent Sympectic ternary
algebra, then I'(U) # FId.

Proof If U is abelian, then I'(U) = gl(U) # FId.

If U is not abelian, By Z(U) # 0, Z(U) C U Let uy, ug, -+ -, Ug, Ug 1, * * , WS
a basis of U',and wuy,us, - - -, uy is a basis of Z(U). Extend it to a basis of U:

Up, Ugy =y Uk, U1, "+ UL, U1y o 0y Ut

Define an endomorphism ¢ as follows :¢(u;) = 0,$(v;) = uy, obviously,¢? =
0,and ¢ € I'(U),then there is a ¢ € I'(U) and ¢ is nilpotent which means that
T(U) = gl(U) # FId.

3 Central derivation

Proposition 3.1 let U be a Symplectic ternary algebra and B a subset of
U ,then

(1) Zy(B) is invariant under I'(U).

(2) Every perfect ideal of U is invariant under I'(U).

Proof Suppose x € Zy(B) and ¢ € I'(U), then < ¢(z), B,U >=
z,B,U >= 0,and < ¢(z),U,B >= ¢ < z,U,B >= 0, and < B, ¢(z),U
¢ < B,x,U >= 0. therefore ¢(x) € Zy(B), so (1) is proved.

Let B be a perfect ideal of U, then B =< B, B, B >. For x € B, there exsit
Y1, 95,95 € B such that @ = 32 < yi, 5,45 >. For ¢(z) = (X < yi, 45,95 >
) =3(< o(¥h), v,y >) € B,which implies that B is invariant under T'(U).

Definition 3.1 let U be a Symplectic ternary algebra, and ¢ € End(U),
it o(U) C Z(U),p < U,U,U >= 0, then ¢ is called central derivation.If U is
indecopsable Symplectic ternary algebra,we call it small if T'(U) is generated
by central derivations and scalars.

Example 3.1 Let U be an abelian Symplectic ternary algebra,the cen-
troid of U is small and moreover I'(U) = gl(U).

The set of all central derivations of U is denoted by C(U). By direct
calculation, it is easy to see that C(U) C I'(U). and C(U) is an ideal of I'(U).
A more precise relationship is summarized as follows.

o <
>=
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Proposition 3.2 let U be a Symplectic ternary algebra, then C(U) =
L(U) N DerU.

Proof If ¢ € C(U), then ¢ < z,y,z >=< ¢(x),y,z >=< z,0(y), 2 >=<
z,y, ¢(2) >= 0,80 ¢ € DerUNT'(U), which means that C(U) C I'(U) N DerU.

On the other hand, forallx,y,z € U, if ¢ € T(U)N DerU,p < x,y,z >=<
o(x),y,z2 > + < 2,0(y),z > + < x,y,0(2) >= 3 < ¢(x),y,2 >= 3¢ <
T, Y,z >,80 ¢ < x,y,z >=< ¢(x),y,z >= 0. It implies ['(U)N DerU C C(U).

Let B be a I'(U)-invariant ideal of U, denote V(B) = {¢ € I'(U)|¢(B) = 0}
its vanishing ideal.It is easily senn that V(B) is an ideal of I'(U).

Similar proof yields the following conclusion.

Corollary 3.1 let U be a Symplectic ternary algebra, then C(U) =
V(UY) ={® € DerU|Im¢ C Z(U)}.

Theorem 3.1 Let U be a Symplectic ternary algebra, then ¢D is a deriva-
tion for ¢ € I'(U), D € DerU.

Proof If x,y,z € U,then

oD <x,y,z> = ¢(<D(x),y,z>+<z,D(y),z>+ <x,y,D(2) >
<¢D(x),y,z2 >+ <z,0D(y), 2 > + < z,y,0D(z) > .

the proof is finished.
Theorem 3.2 Let U be a Symplectic ternary algebra, then for any D €
DerU,¢ € I'(U),
(1) DerU is contained in the normalizer of I'(U) in ¢l(U).
(2) D¢ is contained in I'(U)) if and only if D¢ is a central derivation of U.
(3) D¢ is a derivation of L if and only if [D, ¢] is a central derivation of U.
Proof For any D € DerU,p € I'(U)and x,y,z € U

D¢ <zy,z> = <Do((x),y,2>+ < d(x),D(y), 2 > + < ¢(x),y,D(z) >
= <D¢(:U),y,z>—i—<:c,d>D()z>+<xy¢D()>
= < D¢(x),y,z>+¢D < x,y,2 > — < ¢D(x),y,(2) > .

, then we have (D¢ — ¢D) < x,y,z >=< (D¢ — ¢D)(z),y, (2) >, this proves
(1).By theorem 3.1 and proposition 3.2, pD(< x,y, z >=< ¢D(x),y, z > if and
any if oD € I'(U) N DerU, so(2)holds. Thanks to theorem 3.1 and (2),(1),we
get the result (3).

Theorem 3.3 If U is a Symplectic ternary algebra and and U = U; & Us
is a decomposition of U, then

LU)=T0) & T(Uz) ® Cy & Cy
where

C; = {¢; € hom(U;,U;) | ¢:(U;) C Zy(U;), (U = 0, forl <i,j <2,i # j}.
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Proof By example3.1, we have for ¢ € I'(U),
p = (T1 + m2)p(T1 + M2) = MIPTL + T1PTa + TPy + TapTo.

Then I'(U) = mI'(U)m + mI(U)mg + ol (U)my + mol'(U)m2. Denote I'(U);; =
ml(U)m;, then D(U) = ¥7,_ T'(U)y;. It is easy to see that I'(U)1; NT(U)y; = 0,
by U1 NU; = 0 So the result T'(U) = @&7,_,'(U);; is suffice to show that
L(U)a NT(U)s2 = O(other case is similar). Suppose ¢ € m@me N m@m, then
there exist fi, fo € I'(U) such that ¢ = m fimg = mafom;. For all x € U,
p(x) = m fime(x) = m fimy(ma(x)) = m2 fomi(ma(x)) = 0, s0 ¢ = 0.

Now we prove that I'(U)y; = T'(Uy). Since o(Uy) C Uy, o(Us) = 0, forp €
['(U)11, On the other hand ,one can regard I'(U;) as a subalgebra of I'(U) by
extending any ¢y € I'(Uy) by zero:

900(951) = 900(951)7900(1’2) =0, forallz; € U;,i = 1,2.

Then I'(U)y; = I'(Uy). Similarly, we have I'(U)qo = I'(Us).

Next, we prove I'(Ujy) = Cs. For any ¢ € I'(Uis), there is a ¢y € T'(U)
such that ¢ = mpome.For any x; = zla? € U, where x; € Uy, and i = 1,2, we
have

Y <Ty,T2,Tg > = TPeTy < Ty, T2, T3 >
2 92 2
= TP < Ty, Ty, Xy >
2 2 2
= m < po(xy), x5, x5 >

= 0.

and
< p(x), T, 23 >= © < T1, X9, 23 >= 0,

then p(U) C Z(U) and ¢(U') = 0. It follows that ¢ |y, (U2) C Z(U;) and
¢ |v, (U) =0, s0 ¢ |y, in Cy. Conversely ,for pg € Cy , we can extend it in
a natural way :pg(x1) = 0, po(22) = wo(z2), for z; € U;. then ¢y € T'(U)12 and
L(U)12 = Cs.

Similarly, we can prove I'(U)y; = C1, from the isomorphism of the algebra
above , we get

3,j=1

Corollary 3.2 Let Symplectic ternary algebra U be the direct sum of
two indecomposable ideals of U ji.e. U = Uy @ Us, then I'(U) is small if and
only if p < U;,i = 1,2 is small.

Theorem 3.4 Let U be a symplectic ternary algebra and its center
Z(U) =< U,U,U > with dimension 1, then U is small.

Proof Firstly, we prove the symplectic ternary algebra U is indecompos-
able. Suppose U is decomposable such that U = U; @ Us, since < U, U, U >=
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Z(U) with dimension 1, so either < Uy, Uy, U; >= 0 or < Uy, Uy, Uy >= 0, now
we suppose < U, Uy, Uy >= 0, so Uy = Z(U), furthermore we have U; = Z(U),
which leads to a contradiction. Then T'(U) = FId+N thanks to theorem 2.3.

If ¢ € N, then there exists a natural number k such that ¢* = 0. It is suffice
to prove that ¢ is a central derivation. Because < U,U,U >= Z(U) = F'c, so

© < x1,x9, 13 >= p(lc) =< (x1), 9, 3 >= hc,

so we get that ¢(c) = Ac. Since ¢ is nilpotent, we have A = 0 and ¢ <
U,U,U >=0. Then ¢(U) C Z(U). This proves that I'(U) is small.
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