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STRUCTURE OF SYMPATHETIC LIE SUPERALGEBRAS
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ABSTRACT. Sympathetic Lie superalgebras are defined and some classical prop-
erties of sympathetic Lie superalgebras are given. Among the main results, we
prove that any Lie superalgebra L contains a maximal sympathetic graded
ideal and we obtain some properties about sympathetic decomposition. More
specifically, we study a general sympathetic Lie superalgebra L with graded
ideals I, J and S such that L = I & J and L/S is a sympathetic Lie super-
algebra, and we obtain some properties of L/S. Furthermore, under certain
assumptions on L we prove that the derivation algebra Der(L) is sympathetic
and that if in addition L is indecomposable, then Der(L) is simply sympathetic.

1. Introduction. In the seventies, Kac gave a comprehensive presentation of Lie
superalgebra theory in [7]. The development of Lie superalgebra theory largely de-
pends on Lie algebra theory. Note that every semi-simple Lie algebra L satisfies
[L,L] = L, Der(L) = ad(L) and C(L) = {0}. In 1970s, Flato raised the question
whether three properties characterize semi-simple Lie algebras. Later, Angelopouos
gave a negative answer by constructing a class of counterexamples, where the min-
imal dimension is 35 with a Levi subalgebra isomorphic to si(2). After that, the
concept of sympathetic Lie algebras was proposed by Benayadi. Furthermore, Be-
nayadi gave more classical properties of semi-simple Lie algebras which are still
valid for sympathetic Lie algebras in [2, 3]. Subsequently, this concept attracted
more and more scholars’ attention.

This article aims to study what we call sympathetic Lie superalgebras, which are
Lie superalgebras satisfying the three aforementioned properties.

This paper is organized as follows: In Section 2, we introduce the concepts and
some simple properties needed in this article. In Section 3, we get some conclusions
related to sympathetic Lie superalgebras through the graded ideals and show that
some properties in [2] are still valid for sympathetic Lie superalgebras. In Section
4, we study perfect Lie superalgebras. Applying to sympathetic ones, we show that
every sympathetic Lie superalgebra can be uniquely decomposed to a direct sum
of irreducible sympathetic ideals. In Section 5, we focus on each sympathetic Lie
superalgebra that has a maximal sympathetic ideal and a decomposition of direct
sum of the maximal sympathetic ideal and a characteristic ideal, which is called
sympathetic decomposition. After that, we give the concept of simply sympathetic
and some properties. In Section 6, we focus on graded ideals such that L/I is a
sympathetic Lie superalgebra and then research some properties. Meanwhile, we
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also give that the Der(L) is sympathetic, and if L is indecomposable, then Der(L)
is simply sympathetic.
The field involved in this article is algebraically closed of characteristic 0.

2. Preliminaries. Throughout this paper, L always denotes a finite-dimension
Lie superalgebra over a commutative ring R with 1. A Lie superalgebra L is called
perfect if the derived algebra [L, L] = L. The center of L is denoted by C'(L). L is
called centerless if C'(L) = {0}. Der(L) is the derivation algebra of L.

Definition 2.1. A Lie superalgebra L is called sympathetic if C(L) = {0}, [L,L] =
L, Der(L) = ad(L).

Example 1. Recall the classical simple Lie superalgebras osp(n,2r)(n,r > 1),
spl(n,m)(n # m), T'(o1,02,03), I's and T's. From [9], if they are perfect, then they
are sympathetic.

Definition 2.2. Let L be a Lie superalgebra, I be a graded ideal of L. Then I is
said to be a direct factor if there exists a graded ideal J of L such that L =1 J.

Definition 2.3. [4] Let L be a Lie superalgebra, I be a subspace of L. Then I is
called characteristic ideal if for every D € Der(L), D(I) C I.

Lemma 2.4. Let L be a Lie superalgebra, I be a graded ideal of L. If I is perfect,
then I is a characteristic ideal of L.

Proof. With I a graded ideal of L, for each D € Der(L), x;,y; € I, we have
D([wi,yi]) = [D(:), 4i] + (=D IPl [z, D(yi)] € 1.
Since T is perfect, it then follows that D(I) C I. Thus [ is a characteristic ideal. O

Proposition 1. Suppose that L is a perfect Lie superalgebra, I is a graded ideal of
L. If I is a direct factor of L, then I is perfect.

Proof. Since I is a direct factor of L, there exists a graded ideal J of L such that
L =1® J, in particular, [I,J] = {0}. It follows that [L, L] = [I,I] ® [J, J], which
implies that both I and J are perfect. O

Proposition 2. Let L be a Lie superalgebra with trivial center, I be a direct factor
of L. Then C(I) = {0}.

3. The sympathetic Lie superalgebras.

Lemma 3.1. If I is a sympathetic graded ideal of L, then there exists a graded
ideal J such that L=1 J.

Proof. Let J = Cr(I). By [4] of Lemma 2.3, we have Cr(I) is a graded ideal of L.
For any = € L, adz € Der(I) since I < L. By virtue of Der(I) = ad([), there exists
a derivation D in Der(I) such that ade = D. Thereby there exists y € I such that
D(z) =[z,z] = [y, 2] for Vz € I. Then [z —y,z] =0 and x —y € C(I) = J. Hence
x=j+4yforsomejeJ INJ=INCL(I)=C(I)= {0} since I is sympathetic.
Thus L=1&J. O

Lemma 3.2. Let L be a sympathetic Lie superalgebra, I be a graded ideal of L.
Then I is a direct factor of L if and only if I is sympathetic.
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Proof. On account of [ is a direct factor of L, there exists a graded ideal J of L
such that L=1@ J. Then L = [L,L] = [I,I|® [J,J]. Since L = I & J, we can get
I =[I,1]. Suppose D € Der(I). In the following we define d : L — L to be a linear
map by
dly =D, d|; =0.

An easy calculation shows that D belongs to Der(L). Then there exists u € L such
that d = adu. Because of L = I & J, and u = uy + uy, for uy € I and uy € J,
therefore D = adu;. Hence we can obtain Der(/) = ad(I). Thus, we conclude that
C(I) c C(L) = {0}. It follows that I is sympathetic.

Conversely, Let J = {x € L | [x,I] = {0}}, adz|; € Der(I). Then there exists y
of I, such that adz|; = ady. Hence [z — y, z] = 0, for any z € I, which proves that
j=xz—yeJ then L=14J. Supposea € INJ, b € L. Consider b = by +by, by €
I, by € J. Therefore, we have [a,b] = [a, br] + [a,bs] = 0. Thus, a € C(L) = {0}. As
aresult, L=1&J. O

In view of Lemma 3.2, we immediately have the following consequences.

Corollary 1. Let L be a Lie superalgebra, and I be a sympathetic graded ideal of
L. Then I is a direct factor of L.

Corollary 2. If Der(L) = ad(L), then Der(I) = ad(I).

Proposition 3. Let L be a Lie superalgebra, I, J be two graded ideals of L and
INJ={0}. If I and J are sympathetic, then S = I & J is also sympathetic.

Proof. On account of I N J = {0}, we can get
[S,8]|=[I,[|e[J,J]=1®J=2S.
Suppose that D € Der(S). For any D € Der(L), z;,y; € I, we can get
D([zi, 1)) = [D(@2), 3] + (~1)=1P [z, D(yi)] € 1.

Since I is a graded ideal of L, thus we obtain D(I) C I. Then we have I is a
characteristic ideal of S, the same for J. Therefore D|; € Der(I), D|; € Der(J).
Hence, there exist x € I and y € J such that

D|; = adz, D|; = ady.

Assume that Dy = ad(z + y). In the following, we shall prove D = D;.
For any s € S, there exist u € I, v € J such that s = u + v. Hence

Di(s) = Di(u+v) = [z +y,u+v] = [z,u] + [y,v] = D]r(u) + D[ (v)
= D(u) + D(v) = D(u+v) = D(s),
it follows that D = ad(z, y), clearly, Der(S) = ad(S5).
Set ¢ € C(S), c=cy+cy with ¢; € I and ¢y € J. Thus,
ler, I] = [e, 1] = {0} = [cy, J] = [c, J],
we can obtain ¢; = 0 and ¢; = 0, hence ¢ = 0, it means that C(S) = {0},
O

consequently, the proposition holds.

Corollary 3. Let L;(i =1,--- ,n) be sympathetic Lie superalgebras, then L1 x La X
-+« x Ly is also sympathetic.

Corollary 4. Any extension of sympathetic Lie superalgebras is also sympathetic
and trivial.
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Proof. Set L1, Ly be two sympathetic Lie superalgebras, L be the extension. By
Corollary 1, there exists a surjective morphism p : L — Lq such that Ker(u) = Lo,
therefore Lo is a direct factor of L, hence the extension L is trivial, that is to say
L = L, x Ly. Following, according to Corollary 3, L is sympathetic . O

Proposition 4. Let L be a Lie superalgebra over a field F and T be an extension
of F. Then L ®r T is sympathetic if and only if L is sympathetic.

Proof. By a result of [8], Der(L ®r T') = Der(L) Q T'. O

Lemma 3.3. [9] Let L be a Lie superalgebra over a field F. Fach of the following
statements is strictly stronger than the foregoing one.

(1) L does not contain non-zero solvable graded ideals.

(2) L is the direct product of finitely many simple Lie superalgebras.

(8) The killing form of L is nondegenerate.

(4) All finite-dimensional graded representations of L are completely reducible.

Theorem 3.4. Let L be a perfect Lie superalgebra. If L = Ly & L1 has the nonde-
generate Killing form over a field F, then Lo and L are sympathetic.

Proof. By virtue of L has the nondegenerate Killing form, Der(L) = ad(L) by [9].
Since C(L) is abelian, C(L) is solvable. Then C(L) = {0} by Lemma 3.3. Thus
L is sympathetic. By the hypothesis of this theorem, we have L is sympathetic.
Set K be the nondegenerate Killing form of L. Then it restriction to Lo, K |Lyx Lo
is the Killing form of Lg, which is nondegenerate. Thereby Ly is a semisimple Lie
algebra and Der(L) = ad(L) by [5]. By virtue of Ly has no nonzero solvable ideal
and C(Lo) = {0}, Lo is sympathetic. O

Definition 3.5. [4] Let L be a Lie superalgebra and h(L) = L @ Der(L). Define
the bracket in h(L) by [z + D,y + E] = [z,y] + Dy(—1)*’Ex + [D, E], where
E € (Der(L))a, z € Lg. Then h(L) is a Lie superalgebra. We call h(L) a holomorph
Lie superalgebra.

Remark 1. [4]

(1) If C(L) = {0}, then C(Der(L)) = {0}, since C(Der(L)) C Der(L) and
C(Der(L)) € Cper(z)(ad(L)) = {0}.

(2) L<ah(L) and h(L)/g ~ Der(L).

(3) LN Ch(L)(L> = C(L)

Theorem 3.6. Let L be a perfect Lie superalgebra. The following conditions are
equivalent:

(1) L is a sympathetic Lie superalgebra.
(2) Any splitting extension ¢ by L is a trivial extension and e = L @ C.(L).

Proof. (1) = (2) Let ¢ be a splitting extension by L. Then L<e and C¢(L)<e. By
virtue of C(L) = {0} by (1), LN C¢(L) = {0}. Let = € ¢. Since L<e, adz € L.
Therefore the restriction adz|r, on L is a derivation of L. But L is sympathetic,
thus adz|y, is an inner derivation of L. We define 6 by 6(z) = adz|y for Vx € .
Since Der(L) = ad(L) ~ L, the map 6 is a homomorphism from ¢ onto Der(L) with
kernal C¢(L). Hence dime = dimL + dimC,(L).

(2) = (3) It is clear by setting ¢ = h(L).
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(3) = (1) According to Remark 1 C(L) = LN Cyr)(L) = {0}. Chy(L) =~
h(L)/L by (3) and h(L)/L ~ Der(L) ~ Cjp)(L) ~ L from Remark 1. By virtue of
C(L) ={0}, L ~ ad(L). Hence Der(L) ~ ad(L). O

4. Decomposition of perfect Lie superalgebras.

Definition 4.1. A Lie superalgebra L is called irreducible if it has no non-zero
direct factor.

Lemma 4.2. Let L be a Lie superalgebra. Then L = I, & --- @ I,,, with every
Ii(i=1,...,n) is an irreducible ideal of L.

Proof. Induction on the dimension of L. If dimL = 0 or 1, then the lemma is true.
It follows that we suppose that the lemma is true if dimL < n. Set L be a Lie
superalgebra with dimL = n. If L is reducible, then there exist two proper ideals
I,J of L such that L =1 J.

According to inductive hypothesis, we can get [ = I} & --- @ I, with every I;
is an irreducible graded ideal of I and J = J; & --- & J,,, with every J; is an
irreducible graded ideal of J, consequently, it’s sufficient to see that every graded
ideal of I(resp. J) is a graded ideal of L. O

Lemma 4.3. Suppose that L is a Lie superalgebra, I is a perfect graded ideal of L.
IfL=01 & - ® I, with every I; is a graded ideal of L, then
I=INnhL®---®INI,.
Proof. By the assumption we have
I=[LIIC[I,L]C1,
then we can obtain
I=Lh)e -e,[,JCINL&---®INI,CI,
hence the lemma holds. O
Theorem 4.4. Suppose that L is a perfect Lie superalgebra. Then L = s &

-+ @D s, where every s; is an irreducible perfect graded ideal of L. Moreover, this
decomposition is unique.

Proof. According to Lemmas 3.2 and 4.2, we know that the decomposition exists.
Let ) )

L:Sl@...@sn:sl@...@sm
be two decompositions of L into irreducible perfect graded ideals. By Lemma 4.3,
we have ) /

si=s8,MN08,D---Bs;Ns,,

where i € {1,--- ,n}. Hence there exists a(i) € {1,--- ,m} such that s; = s; ﬂs;(i)
since s; is irreducible, we can obtain s; C s/a(l.). Again according to Lemma 4.3, we
have ) ) )

Sa(i) = Sa(i) M S1 @ e @ Sa(i) M Sn,
there exists a j € {1,---,n} such that

Sa)) = Sa@) M S

thus 3;(1') C s;, which implies that

’

s; C Sa(i) C sj.
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Therefore i = j and s; = s;( i It follows that n = m and there exists a permutation

aof {1,--- ,n} such that s; = s;(i) for any ¢ € {1,--- ,n}, hence the decomposition
is unique. O

Corollary 5. Suppose that L is a perfect Lie superalgebra and I is a proper ideal
of L. Set L =81 ®---® s, be the unique decomposition of L into irreducible perfect
graded ideals, then the following statements hold

(1) I is an irreducible direct factor of L if and only if there exists ani € {1,--- ,n}
such that I = s;.

(2) 1 is a direct factor of L if and only if there exist {i1, -+ ,im} C {1, - ,n} such
that I =s;, ®--- D s,

Proof. (1) Set I be an irreducible direct factor of L, there exists an ¢ € {1, -+ ,n}
such that I = I N s; by Lemmas 3.2 and 4.3, so that I C s;. Since I is a direct
factor of L, there exists a graded ideal J of L such that L = I & J and by Lemma
4.3, s; = s; N I. According to Lemma 4.3, we have

si=s;NIds;NJ.

On account of s; is irreducible, then s; = s; NI or s; =s; NJ. If s; = s; N J, then
I C s; C J, contradiction. Consequently, s; C I and I = s;.

(2) Assume that I is a direct factor of L. Then according to Lemma 3.2, we have
I is perfect. Therefore, there exist I, --- , I,, irreducible prefect graded ideals of I
such that I = I1 ®---® I,,, by Theorem 4.4. Since I is a direct factor of L, it is easy
to see that every I; is an irreducible direct factor of L . Apply (1), there exists an
ij € {1,---,n} such that I; = s;, for every I;. Hence, I = s;, @ --- @ sy,,. O

Proposition 5. Let L be a perfect Lie superalgebra such that Der(L) = ad(L) (resp.
C(L) ={0}). Then
L=s1®---® sy,
where each s; is an irreducible perfect graded ideal of L such that
Der(s;) = ad(s;) (resp.C(s;) = {0}).
Proposition 6. Let L be a sympathetic Lie superalgebra. Then
L = S1 @ e @ Sn

where each s; is an irreducible sympathetic graded ideal of L. Moreover, the decom-
position s unique.

According to Lemma 3.2, Corollary 5 and Proposition 5, it is straightforward to
show the following corollary.

Corollary 6. Let L be a sympathetic Lie superalgebra.

(1) L has a finite number of irreducible sympathetic graded ideals si,--- , s, and
L=s1® - Dsy,.

(2) A graded ideal I of L is sympathetic if and only if I = s;; @ -+ ® s;,, with
{i17"' ,im} C {1,... 7n},
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5. The sympathetic decomposition of Lie superalgebras.

Lemma 5.1. Let L be a Lie superalgebra. If I and J are two graded ideals satisfying
the following conditions

(1) I is a sympathetic graded ideal of L,

(2) there exists a vector subspace W of L such that L =J & W and [I,W] C W,
then I N J is a sympathetic graded ideal of L.

Proof. On account of I is sympathetic, we have I = [I, L], then
I=[I,J]&[I,W]

Since [[I, W], I] C W, therefore [I, W] is an ideal of I, thus [I, J] is a direct factor of
I. According to Lemma 3.2, it is easy to see that [I,J] and [I, W] are sympathetic.
Thus

c/11,J]) = {0}.
Considering the canonical surjection ¢ : [ — I/[I,J]. Set x € INJ, y € I,

[6(2), ¢(y)] = ¢([z,9]) =0,
it follows that

¢(x) € C(I/[1,J]) = {0},
we have z € [I,J]. Hence, INJ = [I,J], i.e.,, INJ is a sympathetic graded ideal of
L. O

Corollary 7. Suppose that L is a Lie superalgebra, I and J are two graded ideals

of L.

(1) If I is a sympathetic graded ideal of L and J is a direct factor of L, then INJ
is a sympathetic graded ideal of L.

(2) If I and J are sympathetic graded ideals of L, then INJ and I+ J are sympa-
thetic graded ideals of L.

Proof. (1) The assertion is obvious by Lemma 5.1.
(2) According to Corollary 1, we can get J is a direct factor of L, thus I N J is
a sympathetic graded ideal of L. The following sequence is exact:

0—I1-51+7-5J/InJ—0

defined by ¢(z) = x for any x € I and p(x; +x5) =T (xy) forany ay € I, xzy € J
where T : J — J/I N J is the canonical surjection. Thus I + J is an extension
of sympathetic Lie superalgebras. According to Corollary 4, we obtain I + J is a
sympathetic graded ideal of L. O

Proposition 7. Fach Lie superalgebra contains a mazximal sympathetic graded
ideal.

Proof. Using dimensions to prove. Suppose that L is a Lie superalgebra.
D = {dimI | I is a sympathetic graded ideal of L}

is a non-empty subset of N bounded above by dimZ, then it has a maximal element
m, consequently there exists a sympathetic graded ideal M of L such that dimM =
m. Set I be a sympathetic graded ideal of L, thus M + I is a sympathetic graded
ideal of L by Corollary 7. Hence M = M + I, thereby I C M, which implies that
M is the maximal graded ideal of L, the proposition is certified. O
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Lemma 5.2. Suppose that L is a Lie superalgebra, set I be a graded ideal of L. If
there exists a graded ideal J of L satisfies the following conditions

(1) L=1I&J,

(2) C(J) =40} and [J,J] = J,

then I is a characteristic ideal of L.
Proof. Set x € I and d € Der(L). Thus
dlz)=y+c
where y € I, c € J. Set ¢; € J. Then
e, e1] = [d(2) =y, e1] = [d(w), 1] = d([z, e1]) = (=1) [, d(e1)] = 0,

since J is a characteristic ideal by Lemma 2.4, it follows that ¢ € C(J) = 0, hence
d(x) € I, which implies that d(I) C I. O

Theorem 5.3. Let L be a Lie superalgebra and M be a mazimal sympathetic graded

ideal of L. Then there exists a characteristic ideal I of L satisfying

(1) L=M®aI,

(2) I is the greatest among the ideals of L which are direct factors of L and do not
contain any non-zero sympathetic graded ideal.

Proof. (1) According to Corollary 1, M is a direct factor of L. So there exists an
ideal I of L such that L= M & I. Set x € I and d € Der(L). Thus

dlz)=y+ =z
where y € I, z € M. Let z; € M. Then
[2,21] = [d(2) =y, 21] = [d(2), 1] = d([w, 21]) — (=1) "]z, d(z1)] = 0,

therefore z € C(M) = 0, hence d(x) € I, then we obtain d(I) C I. It follows that I
is a characteristic ideal of L.

Let S be a sympathetic graded ideal of I, then S is also a sympathetic graded
ideal of L, consequently S C I N M = {0}.

(2) Let J be a graded ideal of L which is a direct factor of L and doesn’t contain
any non-zero sympathetic graded ideal, then there exists a graded ideal @ of L such
that L =J & Q.

Set M’ be the maximal sympathetic graded ideal of @), then there exists a graded
ideal I' of Q such that Q = M @I and I is a characteristic ideal of Q which doesn’t
have any non-zero sympathetic graded ideal.

Therefore, L = M @& I & J where M is a sympathetic graded ideal of L. T '
and J are graded ideals of L which don’t contain any non-zero sympathetic graded
ideal.

According to Lemma 4.3, we get

M=MnMaeMnI &Ml

Claim that M NI = {0}(resp. M N.J = {0}). Otherwise, M NI (resp. M N.J) is a
non-zero sympathetic graded ideal of L by Corollary 7(1). Note that [M NI, I'] C
M NI (resp. [MN.J,J] C MnNJ), we have M NI (resp. M N.J) is a non-zero
sympathetic graded ideal of I'(resp. .J), contradiction. So M NI = {0}(resp.
M N J = {0}), consequently, M = M N M', which implies that M = M.
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Let z € J, then x = y + z with y € M and z € I. Note that [M,J — I] = {0},
we get
[yaM] = [l‘ - Z?M] = {O}a
which implies that y € C(M) = 0, consequently = = z, i.e., J C I. O

Definition 5.4. Let L be a Lie superalgebra. We call the decomposition of Theorem
5.3 is a sympathetic decomposition, i.e., the decomposition L = M & I where M
is the maximal sympathetic graded ideal of L and I is the greatest among the
graded ideals of L. The I is a direct factor of L and it doesn’t contain any non-zero
sympathetic graded ideal.

Proposition 8. Suppose that L is a Lie superalgebra, M is a mazimal sympathetic
graded ideal of L, L = M ® I is a sympathetic decomposition. If I = {0}, then
Rad(I) = {0}.

Proposition 9. Let L be a Lie superalgebra, M be a maximal sympathetic graded
ideal of L, L = M & I is a sympathetic decomposition. For I = {0} if and only if
L is a sympathetic Lie superalgebra.

Proof. The necessity is obvious. Then we prove the sufficiency. By Lemma 3.2, I
is a sympathetic Lie superalgebra, thus I = {0}. O

Lemma 5.5. Let the Lie superalgebra L be decomposed into the direct sum of two

graded ideals. i.e., L =1® J. Then we have the following conclusions

(1) C(L) has the decomposition C(L) = C(I) @ C(J).

(2) If C(L) = {0}, then ad(L) = ad(I) @ ad(J) and Der(L) = Der(I) @ Der(J).

(8) If L, I and J are perfect, then L is sympathetic if and only if I and J are
sympathetic.

Proof. (1) According to Proposition 4, C(I) and C(J) are ideals of L. C(I) N
C(J) = {0}, since INJ = {0}. Set

a+beCI)aC(J)
with a € C(I) and b € C(J). Then [a,I] =0 and [b, J] = 0. Set
ct+deldJ
with c € I and d € J. Then
[a+b,c+d] = [a,c] + [b,d] =0,

by virtue of [b, ¢] and [a, d] belong to INJ. Thus a+b € C(L) and C(I)®C(J) C
C(L). Set m=xz+y € C(L) withz € T and y € J. Then
[t +y, Ll =le+y I+ J =0
and
[33,[] = [m_yvj] = 07
by virtue of m € C(L) and [y,I] C [J,I] = 0. Thereby x € C(I). Similarly,
y € C(J). Hence C(L) CC(I) ® C(J).
(2) For D € Der(I), extend it to a linear transformation on L by setting D(a+b)

D(a), for a € I and b € J. It is easy to see that D € Der(L) and Der(l) C
Der(L). Similarly, Der(J) C Der(L). Let a € I, b € J and D € Der(L). Then

[D(a), 8] = D(la,b]) — (=1)"!1Pl[a, D(b)] = —(~1)/*IP![a, D(b)] € I N J.
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By virtue of I N.J = {0}, thus [D(a),b] = [a, D(b)] = 0. Assume D(a) =a +b,
where ¢’ € I, then b € J. Thus [D(a),b] = [a',b] + [b',b] = 0 for every b € J
and b € C(J). By the hypothesis C(L) = C(I) & C(J) = {0}, we have b’ = 0.
Hence D(a) = a € I. Consequently, D(I) C I. Similarly, D(.J) C J.

Set D € Der(L) and a+b e I J with a € I and b € J. Define W and V by

W(a+b) = D(a) and V(a + b) = D(b).

Thus W € Der(I) and V € Der(J). Hence D = W +V &€ Der(I) + Der(J). On
occount of Der(I) NDer(J) = {0}, Der(L) = Der(I) @ Der(J) as a vector space.
Set D € (Der(l)), W € (Der(L)) and b € J. Then

[W, D](b) = WD(b) — (=1)/PIWIDW (b) = 0.

Which implies that Der(I) <Der(L). Similarly, we can obtain Der(.J) < Der(L).

(3) First prove the necessity, by virtue of L is sympathetic, C(L) = {0}. And

from (1), we have C(I) = C(J) = {0}. Since ad(L) = Der(L), ad(L) =

ad(L) @ ad(J) and Der(L) = Der(I) ® Der(J) by (2). Since ad(I) C Der(I) and

ad(J) C Der(J), then ad(I) = Der(I) and ad(J) = Der(J). Hence I and J are

sympathetic Lie superalgebras.

On the contrary, according to C(L) = C(I) @ C(J) = {0}. Then Der(L) =
Der(I) @ Der(J) = ad(I) @ ad(J) = ad(L) by the (2) of this Lemma.

O

Definition 5.6. A sympathetic Lie superalgebra L is called a simply sympathetic
Lie superalgebra if any non-trivial graded ideal of L is not sympathetic.

Example 2. A simple and sympathetic Lie superalgebra is a simply sympathetic
Lie superalgebra.

Lemma 5.7. (1) Any sympathetic Lie superalgebra can be decomposed into the di-
rect sum of simply sympathetic ideals.

(2) A sympathetic Lie superalgebra is simply sympathetic if and only if it is inde-
composable.

Proof. (1) If L is simply sympathetic, the result is true. If L is not simply sympa-

thetic, there exists a nonzero minimal sympathetic graded ideal I of L such that

L =1®Cr(I) by Lemma 3.1. Continuing this process to Cr,(I), we get the decom-

position of L into simply sympathetic graded ideals since a graded ideal of Cr,(I)
is also a graded ideal of L. (2) The conclusion follows from (1). O

6. Sympathetic Lie superalgebra L/I and Der(L).

Theorem 6.1. Let L be a Lie superalgebra and I be a graded ideal of L such that
C(L/I)={0}. The following conclusions hold
(1) C(L) CI.
(2) If L = $1®- - -Ps,, where every s; is a graded ideal of L, then I = INs1®---INsy,.
Proof. Considering the canonical surjection ¢ : L — L/I.

(1) Let x € C(L) and y € L,

[(x), ¥(y)] = ¥([z,y]) =0,

then ¢ (z) € C(L/I) = {0}, it follows that « € I. Consequently, C(L) C I.

(2) Let x e Tand y € L,

T=x1+ -+ Tp, Y=Y1+-+ Un
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where x;, y; are elements of s; for alli € {1,--- ,n}, then [ (x;), ¥(y)] = [¥(z), ¥ (y;)]
= 0, conclude that ¢ (z;) € C(L/I) = {0}, thus, x; € s; N I, consequently,

I=INs;®---INsy.
O

Lemma 6.2. Let L be a Lie superalgebra. Suppose that I and J are graded ideals
of L such that L =1&J and I (resp. J') is a graded ideal of I (resp. J). Then the
following conditions are equivalent

(1) L)(I' ®J) is a sympathetic Lie superalgebra;

(2) I/1" and J)J are sympathetic Lie superalgebras.

Proof. By virtue of I and J are direct factors of L, I "and J are graded ideals of L,
we have I' @ J' is a graded ideal of L and L/(I' @ J") is isomorphic to I/I' & J/J .
According to Lemma 3.2 and Proposition 3, we can obtain the conditions (1) and
(2) are equivalent. O

Proposition 10. Let L be a Lie superalgebra. Suppose that I and J are graded
ideals of L such that L =1® J and S is a graded ideal of L. Then the following
conditions are equivalent

(1) L/S is a sympathetic Lie superalgebra;

(2) I/INS and J/JNS are sympathetic Lie superalgebras.

Proof. (1) = (2) By Theorem 6.1, S = SNI® SNJ, and by Lemma 6.2(2), we
have I/INS and J/J NS are sympathetic Lie superalgebras.

(2) = (1) We claim that S =SNTI@®SNJ. Set x € S, then z =y+z withy € T
and z € J. Considering the canonical surjections

p:L—>L/Sand¢:1—1I/INS.
Let y, € I, then

’

oly,y ] =vle -2,y =¢(z,y] - [2y]) =0,

we get that [y, y/] € SN 1, therefore
[6(y), o(y)] = d([y,y']) = 0.

Therefore

o(y) € C(I/INS) ={0},
then y € I'N.S. Similarly, we have z € JN S. It implies that S =SNI&SNJ.
Consequently, L/S is a sympathetic Lie superalgebra by Lemma 6.2. O

Proposition 11. Let L be a Lie superalgebra. Suppose that I and J are graded

ideals of L such that L = I ® J and S a graded ideal of L. Then the following

conditions are equivalent

(1) S is the smallest among the graded ideals A of L for which L/A is a sympathetic
Lie superalgebra;

(2) SN1I(resp. SN .J) is the smallest among the graded ideals A of I(resp. J) for
which I/A(resp. J/A) is a sympathetic Lie superalgebra.

Proof. (1) = (2) According to Proposition 10, I/INS and J/JNS are sympathetic
Lie superalgebras. Set I'(resp. Jl) be a graded ideal of I(resp. J) such that
I' CINS(resp. J C JNS)and I/I (resp. J/J') is a sympathetic Lie superalgebra.
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According to Lemma 6.2, we get that L/(I' & J') is a sympathetic Lie superal-
gebra, consequently, S = I "®J'. Then

INS=InI aInJ =INI =1

Similarly, J = J N H.

(2) = (1) Set S be a graded ideal of L such that ' € S and L/S" is a sym-
pathetic Lie superalgebra. According to Proposition 10, I/I N S and J/J N s’
are sympathetic Lie superalgebras. By the assumption of this proposition we have
INS" =1INSand JNS = JNS. Then we obtain § = SNI&SNJ = S NSNS =
S. O

Definition 6.3. Let L be a Lie superalgebra. An ascending central series of L is a
family graded ideals {A;(L)};>0 of L satisfying

0=Ao(L) C Ay (L) C - and C(L/An(L)) = Anys (L) An(L).

Lemma 6.4. Let L be a Lie superalgebra, {A;(L)}i>o the ascending central series
of L and A (L) the union of the ascending central series of L. Then A (L) is the
smallest among the graded ideals I of L such that C(L/I) = {0}.

Proof. There exists a positive integer n such that Ay (L) = A, (L). Then we have

Set J be a graded ideal of L such that C(L/J) = {0}. By Lemma 6.1, C(L) C J,
ie., A;(L) C J. Suppose that A;(L) C J, and show that A;11(L) C J.
Set H = J/A;(L) be a graded ideal of G = L/A;(L), and G/H is isomorphic to
L/J, which implies that C(G/H) = {0}. By Lemma 6.1, we have that C(G) C H.
Considering the canonical surjection f : L — G, then J = f~!(H) contains
A1 (L) = f7YCO(G)). Tt follows that A;(L) C J for all positive integers i, hence
A (L) C J. O

Theorem 6.5. Let L be a perfect Lie superalgebra with trivial centre and ad(L) be
a characteristic ideal of Der(L). Then Der(L) is sympathetic. If, in addition, L is
indecomposable, then Der(L) is simply sympathetic.

Proof. By virtue of C(L) = {0}, we have L ~ ad(L). Let f = Der(L), then L <f.
Set ¢ be a splitting extension by §, we have f<e. Therefore we can get ade € Der(f)
with Ve € e. On account of L is a characteristic ideal of f, there exists an element
f € f such that adf|;, = ade|r. Then ad(f —e)|r = 0. Thus f —e € Cj(L). It
follows that we obtain

¢ = ]c+ Cf(L)
But f N Ce(L) = C§(L) = 0 and f<e. Thereby
e=fd C.(L).

Immediately, we have

Ce(L) C Ce(f),
which implies that ¢ = f® C.(f). Consequently, f is a sympathetic Lie superalgebra
by Theorem 3.6.

Assume that Der(L) is not simply sympathetic. Then there exists a simply
sympathetic ideal I. And there exists a graded ideal J such that f = I & J by
Lemma 3.1. For x,y € L, there exist x1,y; € I, z2,y2 € J such that x = 2; + 2
and y = y1 + y2. Hence

[l‘,y] = [mlvy] + [.Tz,y},
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where [z1,y] € INL and [z2,y] € JN L. Thus

L=[L,L]=(INL)®(JNL).

Since L is indecomposable, then INL = {0} (or JNL = {0}) . Therefore L C JNL
and L C J. It follows that I C Cj(L) = {0}. According to Lemma 5.7, we obtain f
is indecomposable and Der(L) is simply sympathetic. The theorem holds. O
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