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Abstract

In this paper we describe finite-dimensional complex Leibniz superalgebras whose even part
is the simple Leibniz algebra corresponding to slp, i.e. its quotient algebra with respect to
the Leibniz kernel / is isomorphic to sl;. We classify these Leibniz superalgebras in several
cases with arbitrary dimensions in which the odd part is essentially a Leibniz irreducible
(sl -+ I)-module or a finite direct sum of them.
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1 Introduction

Since Loday’s introduction of Leibniz algebras in 1993, many results of the theory of Lie
algebras have been extended to Leibniz algebras. Nevertheless, a great deal of the results
have been devoted to (co)homological problems [11, 16—18] or to the classification prob-
lems of nilpotent part and its subclasses [2, 3, 6, 20-24]. This is in contrast with the
semisimple part of Leibniz algebras, which has been less studied. Hardly original consid-
eration belongs to Dzhumadil’daev and Abdykassymova [4, 9] who suggested a notion of
simple Leibniz algebra and studied its properties in characteristic p. However recently, in
[19] it is been described the class of simple Leibniz algebras corresponding to slp, i.e.,
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whose quotient algebra with respect to the ideal / generated by squares (also called Leibniz
kernel) is isomorphic to the simple Lie algebra sl,.

On the other hand, in the last few years many authors have focused their study on the con-
struction of Leibniz superalgebras from different approaches, see for instance [7, 8, 12]. Let
us note that dealing with superalgebras is much more complicated than dealing with alge-
bras, remark for instance that a decomposition similar to the Levi-Malcev decomposition in
Lie algebras is not verified in the case of Leibniz superalgebras.

Thus, along the present work the study carried out for simple Leibniz algebras cor-
responding to slp is extended to Leibniz superalgebras. Therefore, we describe finite-
dimensional complex Leibniz superalgebras whose even part is the simple Leibniz algebra
corresponding to sly. Recall that in order to obtain simple Lie superalgebras Go @ G it
makes perfect sense considering G a semisimple Lie algebra and G an irreducible G-
module, see for instance Proposition 7.1 of [14]. This latter fact together with the description
of Leibniz algebras corresponding to sl developed in [19] lead us to consider Leibniz
superalgebras Lo @ L with Ly either sl or sl; + I, where I is the Leibniz kernel. For the
former we consider two cases; L an indecomposable bimodule or a finite sum of Leibniz
irreducible sl;-modules, and for the latter we consider also two cases; L with the structure
of either a Leibniz irreducible (sl; + I)-module or a finite direct sum of them.

Throughout the present paper we will consider vector spaces and algebras over the field
of complex numbers C.

2 Basic Notions and Preliminaries Results

Note that the main difficulties dealing with Lie superalgebras, and so with Leibniz
superalgebras, can be summarized in the following points (see for instance [5]):

1. A one-dimensional subspace of a Lie/Leibniz superalgebra L is not necessarily a
Lie/Leibniz subsuperalgebra of L.

2. There is no analog to the Lie Theorem for solvable Lie superalgebras and neither for
Leibniz superalgebras.

3. A decomposition similar to the Levi-Malcev decomposition in Lie algebras is not ver-
ified in the case of Lie superalgebras and therefore neither in the case of Leibniz
superalgebras.

We suppose that the reader is familiarised with the basics of Leibniz algebras. How-
ever, let us recall briefly the concepts of representation, module and irreducible on Leibniz
algebras.

Definition 2.1 [10] Let L be a Leibniz algebra, M a vector space over the field K. Assume
we have two K-linear functions:

0, A: L — gl(M)
Denote A(x) and p(y) by A and p, for every x, y € L. We say that M is a representation

of L if the following properties are satisfied:

(1) pre.y] = Pypx — PxPy>
2) )L[x,y] = py)tx - )pry,
(B)  Apx,y] = Pyrx + AyAy foreveryx,y € L.



If M is a representation of L, then M becomes an L-module with the following [-, -] :
MxL — Mand[.,-] : L xM — M with the products: [m, x] := p,(m) and
[x,m] := Ax(m) for every x € L, m € M. Conversely, for a given L-module M, we get
the representation p, A : L —> gl(M) with py :=[-, x] and A, := [x, -] forall x € L.

Definition 2.2 [10] Let K be a field, L a Leibniz algebra over K, and V a vector space over
K. We say that the Leibniz representation p, A : L —> gl(V) is irreducible (equivalently,
V is an irreducible L-module), if p and A are irreducible. In other words, if U C V is an
invariant subspace of p and A (Vx € L, p,(U) € U and A, (U) € U), then U = {0} or
Uu=V.

Recall next some necessary basic definitions and notions regarding Leibniz superalge-
bras.

Definition 2.3 [1] A Z,-graded vector space L = Lo & L is called a Leibniz superalgebra
if it is equipped with a product [—, —] which satisfies the following conditions:

[Los Lpl S Loyp forall a,B € Zy

[x, [y, z]l = [[x, y1, 2] — (=1)*P[[x, 21, vl — graded Leibniz identity
forallx e L,y € Lo,z € Lp, o, B € Zo.

Note that if a Leibniz superalgebra L satisfies the identity [x, y] = —(—l)aﬁ[y, x] for
all x € Ly, y € Lg , then L becomes a Lie superalgebra. Therefore Leibniz superalgebras
are a generalization of Lie superalgebras and many results and definitions of Lie superalge-
bras can be extended for Leibniz superalgebras. In the same way as for Lie superalgebras,
isomorphisms are assumed to be consistent with the Z;-graduation.

If we denote by R, the right multiplication operator, i.e., Ry : L — L, then the graded
Leibniz identity can be expressed in the following form: Ry, y; = RyRy — (—1)*BR, R,
where x € Ly, y € Lg.

We denote by R(L) the set of all right multiplication operators. It is not difficult to prove
that R(L) with the multiplication defined by:

< Ra, Ry >:= RyRp — (=1)*PR,R,

for R, € R(L)a, Ry € R(L)p, becomes a Lie superalgebra.

For a Leibniz superalgebra L = Ly @ L1 it is defined the set Ann(L), Ann(L) = {X €
L : [L, X] = 0} which will be called the right annihilator of L.

It is easy to see that Ann(L) is a two-sided ideal of L and [X, X] € Ann(L) forany X €
Ly, this notion is consistent with the right annihilator in Leibniz algebras. If we consider
I =ideal < [X,Y]+ (—1)“B[Y, X]: X€ly, Y €Llp>,thenl C Ann(L).

In order to provide an example of non-Lie Leibniz superalgebra, we can consider an
associative superalgebra, A = Ap @ Aj, and a linear mapping D : A — A satisfying the
condition:

D(a(Db)) = DaDb = D((Da)b)

foralla, b € A and define a new multiplication over the underlying Z,-graded vector space,
<, >, by:

<a,b>p:=a(Db) — (—1)*PD(®b)a
fora € Ay,b € Ap . Then A equipped with multiplication <, > becomes a Leibniz
superalgebra, which in general is not a Lie superalgebra.



Next we extend in a natural way the definition of simple Lie superalgebras to simple
Leibniz superalgebras. Recall that a Lie superalgebra L is called simple if its ideals (Z;-
graded ideals) are only {0} and L, verifying [L, L] # 0, see for instance [13]. Likewise, we
can introduce the concept of simple Leibniz superalgebras.

Definition 2.4 A Leibniz superalgebra L is called simple if its ideals (Z;-graded ideals) are
only {0}, I, Land [L, L] # 1.

Note that this definition agrees with that of simple Lie superalgebra whenever I = 0.

3 Leibniz Superalgebras with Even Part Corresponding to sl

Throughout the present paper we consider Leibniz superalgebras Lo @ L with Lg either
sl or sl + I where I is the Leibniz kernel. L1, on the other hand, is essentially an
indecomposable bimodule, or a finite sum of Leibniz irreducible sl;-modules.

Regarding L as a Leibniz irreducible module of sl,, we can extend the study developed
in [10]. Thus,

Proposition 3.1 Let Lo @ L be a Leibniz superalgebra. Setting V| the underlying vector
space of L1, we have two linear functions p and A:

p : Lo —> gl(V1), defined by py := [-, x] and

A Lo —> gl(Vh), defined by 1y = [x, -]

which constitutes a Leibniz representation of Lo and therefore Ly has the structure of
Lo-module.

Proof From Definition 2.5 in [10], the conditions for p and A are the following:

(D Plx,y] = PyPx — PxPy;
() Ayl = Pyrx — Ax Py,
(3)  Apx,y] = pyix + AxA, forevery x, y € Ly.

Firstly, note that the graded Leibniz identity is nothing but the Leibiz identity provided at
least two of the three vectors considered belong to the even part of the Leibniz superalgebra.
Thus, on account of x, y € Lo, if we consider z € V| we have p[x y1(z) = [z, [x, y]]
verifying Leibniz identity, i.e. [z, [x, y]] = [[z, x], ¥] — [[z, ¥], x], but this last expression
is exactly (py0x — pxpy)(z) and we obtain (1). Analogously (2) and (3) can be checked by
means of Leibniz identity. O

Remark 3.1 Note that this result is an extension of the equivalent one for Lie superalgebras.
Any time we have a Lie superalgebra Go @ G, on one hand we have Gq a Lie algebra
and on the other hand, we have a representation of G and therefore G has the structure of
Go-module.

4 Lo = sl +1,and Lq as Leibniz Irreducible (s> + I)-Module

Consider Ly = sl 4+ I where I is the Leibniz kernel, and L has a structure of Leibniz
irreducible (sl 4 I)-module.



Proposition 4.1 Let L = Lo & L be a Leibniz superalgebra such that Lo is a simple
Leibniz algebra with dim(Lg) > 5 with Lie part slp; and Ly has the structure of Leibniz
irreducible Lo-module. Then, there exists a basis {e, h, f, X0, X1, .- - Xm, Y0, Y1> - --> Yn} Of
L in which the multiplication table is as follows:

[e,h]:Ze, [hve]=_287 [hvf]=2f7 [f’h]=_2fa [e,f]=/’l, [f7€]=_h7

[xk, h] = (m — 2k)xg, 0<k=<m,

[xk, f1= Xi+1, 0<k=<m-—1,

[xk, el = —k(m + 1 — k)x—1, 1 <k=<m,

[yj. hl = (n —=2j)yj, [h,yj]=—-8(n —2j)y;j, 0<j <n,
Ly, f1=yj+1, Lf.yjl==8yj+1,0<j<n—1,
[yj,el=—jn+1—j)yj-1. le,yjl=68jn+1—j)yj-1, 1 <j<n,

m
Wi, yjl=aije +Bijh +vij f + Z)»ijk, 0<i,j=<n,
k=0

with § € {0, 1} and the omitted products are zero.

Remark 4.1 Note that in particular {e, h, f, xo, X1,...x,} is a basis of Ly and
{y0, ¥1, ..., yn} is a basis of L1, being m and n positive integers.

Proof From [19] we can deduce the multiplication table for Lo, i.e. sl; + I. Secondly, with
respect to L being an irreducible (sl + I)-module, from Theorem 3.4 of [10] we obtain
that the representation A, p : slp + I —> gl(V}) verifies in particular that A |;= p [;= 0
and then L is in fact an irreducible sl;-module. The condition A |;= p |;= 0 leads,
in terms of multiplication table, to [x;, y;] = [y;,x;] = O for all i, j. Finally, from
[10] we can assert that given Vi = span{yo, y1,..., Yo} an (n + 1)-dimensional com-
plex vector space and A, p : sl, —> gl(V}) the irreducible representations of sly, then
either p + A = 0 or A = 0. We can traduce this fact into the multiplication table as
follows:

lyj.hl = (n —2))y;, [, yjl=—6(n —2j)y;, 0<j <mn,
lyj, f1=yj+1 [f.yjl==8yj+1,0<j<n—1,
[yj.el=—jm+1—j)yj-1, le,yjl=8jn+1~—j)yj—1, 1 < j <n,

with § € {0, 1}. Note that § = 1 is exactly the case p + A = 0 where multiplica-
tion between elements of sl and V is skew-symmetric and V is in fact an irreducible
Lie-module. The structure of a Lie irreducible sl,-module is a well-known one and coin-
cides with the above multiplication table provided § = 1. Recall that Lie algebras (resp.
superalgebras) are particular cases of Leibniz algebras (resp. superalgebras). If § = 0, on
the other hand, is the case A = 0, and this is the only one non-Lie Leibniz irreducible
module/representation. O



Theorem 4.1 Let L be under the conditions of Proposition 4.1, then L is isomor-
phic to one of the two non-isomorphic Leibniz superalgebras, expressed in the basis
{e, h, f,x0, X1, ... Xm, Y0, Y1, - - - Yn} as follows:

L!:

le, h] = 2e, [h,e]l = =2e, [h, f1=2f, [fihl==2f le, f1="h, [f.e]l=—h,
[xg, h] = (m — 2k)x, 0 <k <m, [yj,hl=m—=2j)y;, 0<j <n,

[xk, f1=xk41, 0 <k <m—1, i, f[1=yj+1, 0= j<n—1,

[xp, el = —k(m+1—=k)xp—1, 1 <k <m, [yj,el=—jn+1—j)yj_1, 1 <j=<n,
L?:

le,h] =2e, [h, el = =2e, [h, f1=2Ff, [f,hl==2f, e, f1="h, [f,e]l=—h,
[xk, h] = (m — 2k)xy, 0<k=<m,

[xk, f1= Xkt1, 0<k<m-—1,

[xk, e] = —k(m + 1 — k)xp—1, 1 <k=<m,

[yj, hl= (n —2j)yj, [h,yjl=—(m—2j)y;, 0<j <n,

[y, f1=yj+1, [fiyil==yj+1, 0= j<n—1,
[yj,el=—jn+1=j)yj-1, [e.yjl=jn+1—j)yj—1, 1= j=<n,

where the omitted products, in both superalgebras, are equal to zero.
Proof Let L be under the conditions of Proposition 4.1. Thus, assume

m
i, yjl=aije+Bijh + vij f + Zkfjxk, 0<i,j=n
k=0
By the graded Leibniz identity [xo, [yi, ;1] = [[xo0, ¥i], ¥;]1 + [[x0, ¥;], yi] and thanks
to the fact that the representation verifies the condition A |;= p |;= 0 one derives
Bijmxo+yijx1 = 0, being then B;; = y;; = Oforall i, j. Next, the graded Leibniz identity
[x1, [yi, yi11 = [lx1, yil, y;1 + [[x1, yj]1, yi] leads to —ma;jxo = 0, and thus «;; = 0 for
all i, j.Hence then, we can suppose without loss of generality that
m
i, 1= AMx, 0<ij<n
k=0
Using now the following graded Leibniz identity [y;, [y;, 2]l = [[yi,y;l.h] —
[[yi, A1, y;] we have [yi, (n — 2j)y;] = [lyi, y;1, k] — [(n — 2i)y;, y;], thatis (n — 2j +
m

n—20)[yi,y;jl = ZA{“] (m — 2k)x; and then we obtain
k=0

m m

Qn—2j — 2,‘)(2 )‘{‘cjx") = Z}ij (m — 2k)xy. 4.1
k=0 k=0

Next, we will distinguish several cases depending on m and n.

Case 1. m odd and n arbitrary.

In this case from the above equation we deduce )\f‘j = 0 for all k on account of its
coefficients on both sides of the equation, on the left-hand side the coeffients are always
even numbers in contrast with the coefficients on the other side, odd ones. Consequently
[yi, yj]1 =0foralli, j obtaining then L' or L? depending on the value of 8.



Case 2. m even and n odd.

In this case, from Eq. 4.1 we get that instead of having all Afj zeroes, there is one potential

k;‘j that remains, exactly the one with k = %

}»i.‘jxk with k as above. If § = 0, from the identity [y;, [k, y;1] = [[yi, 2], y;]1 — [[yi, y;]1, ]
we have 0 = [(n — 20)yi, yj1 = [Afjxk, bl = (n = 20050k — (m — 2005 xx. As (n —2i) —
(m — 2k) # 0 then x{?j =0 foralli, j,obtaining then L'.

On the other hand, if § = 1 from the graded Leibniz identity [4, [y;, yi]] = 2[[A, yi], yil
we get 0 = 2(2i — n)[yi, yi] and since (2i — n) # O then [y;, y;] = O with 0 < i < n.
Now the identity [f, [yi, yi11 = 2[[f, yi], yi] leads to 0 = —2[y; 11, y;], thus [yiy1, ;] =
0 with 0 < i < n — 1. Repeating this last process but for [y;+1, ;] = 0, we obtain
LSy Wit yill = [Lf, yi+1)s yil + (LS, yil, yis1l, thatis O = —[yiy2, yil — [Yi+1, yi+1] and
since the last summand vanishes, remains [y; 12, y;] = 0 with 0 <i < n — 2. By repeating
this process we finally have for all i, [y;y,, yi] = O with 0 < p < n — i. Moreover, on
account of the graded Leibniz identity [A, [y;, y;1] = [[&, yi], y;]1 + [[%, ¥;], yi] we have
(2i —n)lyi, yjl = (n —2j)[yj, yi], which allows us to assert that [y;, y;4+,] = O for all i
and p as above. Therefore, [y;, y;] = 0 for all i, j, obtaining then L2,

if possible. Thus we have [y;, y;] =

Case 3. m even and n even.

Analogously as the precent case we deduce from Eq. 4.1 that [y;, y;] = A;;x; with k =
m=2n+2i+2j if possible. If § = 0, using the identity [y;, [#, y;11 = [[yi, A1, y;1=[[yi, y;]1, k]
we have [(n—2i) — (m—2k)]A;; = 0. Replacing k by its value it is obtained (—n+2j)A;; =
0, and therefore A;; = 0 provided j # 7. Only remain [y;, yul=Ajnxi withk = 5% 4.
By the graded Leibniz identity we have [y, [y%, 1 = o, y%], f1—[o, f1 y%] =
[hogxk. f1—[y1. yal = (Roz — Ayg)xesr since [yo. [yz, f11 = O we have Aoz = Ayz.
Repeating this process fori with 1 <i <n — 1, [y;, [y%, f11, leads to

)\.l% =)"(l+l)%’ OS i Sl’l—l
for simplicity we will call it by A and now from the equality
Axg = [yo, y21 = [yo, [ya—1, fII = [0, ya 11, f1=[Dyo, f1. y211=0
we get A = 0, obtaining then L'.

On the other hand, if § = 1 by means of the following graded Leibniz identities we
obtain the restrictions as follow:

0 =[h, [yi, yill = 2llh, yil, il = lyi,yi1=0,i#7,

0=1[h Lyi, yall = A, yil, yal + [, yalyil = Ly yal =0, 0 # 3,

0=Lf Lyi, yill = 2[Lf, yil, il = [yi+1,¥]1=0,0<i <n—1,
0 = [e, [yi,» yill = 2[le, yil, yil = [yi-1,5]1=0, 1 <i <n,
0=1L[f i, yall = (LS, yil, yal + (LS, yal, yil = [yi+1, m]=0,0=<i <n-—1,
0 =Te, [yi, yoll = Ile, yil, yol + [le, yol, yil = [yi-1, 0] =0, 1 <i <n,

i, Ufs yier 1l = (i, f1 yi1] = iy yiv1], f1 = =i, yiv2]l = i+1, yie1l,
0<i<n-2,

0=1Lf Lyi, yi+11l = [Lf, yil, yiral + [Lfs yia], yil = —[yi+2, yil = yi+1, i1l
0<i<n-2,



0=1L[f i, yill = LS, ¥l yi1+ [Lf, yi], yil = —[yi+1, yi1 = [yj+1, il
0<i,j<n-—1I,
0=le, Lyi, yj1l = lle, yil, yj1+1le, yil. yi] = —ailyi-1,yj1 =ajlyj-1, vl
ai=i(n+1—1i)#0#aj,
1<i,j<n.

It can be seen that the set of all of these restrictions combined leads to [y;, y;] = 0 except
for those verifying i + j = n. More concretely, we can suppose

[yz,yn]l=Axm,
(i, yn—il = birxw, withb; #£0, 1 <i<n, i# 3.

Finally one derives A = 0 from the equality
0 = [yo, [yn, 11 = [[yo: yul, f1 = [0, f1. yul = [boAxm, f1—[y1, ynl = borxm

obtaining then L2,
This completes the proof on account of L' and L? are clearly non-isomorphic. O

5 Lo = slp, and L1 as an Indecomposable Leibniz sl;-Bimodule

Next, we consider the case of Lo = sl and L; has the structure of an indecomposable
Leibniz sl;-bimodule.

Proposition 5.1 Let L = Lo ® L1 = slb & (V @ W) be a Leibniz superalgebra with
V and W simple sly-modules and such that L1 = V @& W is an indecomposable Leibniz
sly-bimodule. Then, L admits a basis {e, h, f, vg, v1, ... Uy, Wo, Wi, ..., Wy—2} in which
the multiplication table is one of the two non-isomorphic that follow:

le,h] =2e, [h,e] = =2e, [h, f1=2f, [fihl==2f [e, fl=h, [f e]l=—h,

[vj,hl=(—2j)v;, 0=<j<n, [h,vj] =~ —2j)v; —2jwj_1,
[vj, fl=vj+1, 0=j=<n-1, Lf,vj]l = —vjt1 +wy,
[vj,el=—jmn+1—=jvjy, 1 <j=<n, [evjl=jn+1—jvj1+j(j—Dw;_2,
[wi, h] = (n — 2 — 2k)wy, 0<k=<n-2,
1) : [wk, 1= wiy1, 0<k=<n-3,
[wi, e] = —k(n — 1 — w1, I <k=<n-2,
[vi,v;1 =aije 4+ Bijh + vij f 0<i,j=<n,
(i, wj] = ejze+ B+ v f. 0<i<n 0<j=<n-2,
(wj, vil = eje + Bih + v/i f. 0<i=n 0=<j=n-2

(wi, wj] = o e+ BTh + v/} f, 0<i,j<n-2,



le,h] =2e, [h,e] = =2e, [h, f1=2, [fihl==2f, [e, f1=h, [f el =—h,

[vj, h] = (n —2j)v;, 0<j=n,

[vj, fT=vj41, 0<j=sn-—1,

[vi,el=—=jn+1—j)vj_1, 1<j=<n,

[we, hl=(n =2 =2k)wy, 0 <k <n-2, [h,w ] =2(n — 1 — k)vgs1 — (n — 2 — 2k)wy,
@) : we, fl=we1, 0k <n -2, Lf, wkl = vk42 — Wi,

[wi,e] = —k(n =1 —k)wg—1, 0 <k <n—2, [e,we] = (n— 1 —k)((n — k)vg + kwk—1),

[vi,vj] = aije +Bijh + vij f. 0<i,j<n,

[vi,wj]zot;je—l—B:-jh-l—yi’jf, 0<i<n 0<j<n-2,

[wj,v,-]zalf}e+[31’.’jh+yi/]ff, 0<i<n 0<j<n-2,

(wi, wjl = ofe +Bih + v} f. 0<i,j<n-2,

where the omitted products are equal to zero.

Proof The statement of the above proposition is a consequence of three facts. Firstly, from
Proposition 3.1 any time we have a Leibniz superalgebra, the odd part has even-part mod-
ule structure. Hence, from [15] we can deduce all the products [sly, V], [sly, W], [V, s3]
and [W, sl;] assuming that w; = 0if j ¢ {0, 1,...n — 2}. Finally since the underlying
vector space of any Leibniz superalgebra is in fact a Z,-graded vector space we deduce the
remaining products [V, V], [V, W], [W, V] and [W, W]. O

Theorem 5.1 Let L be under the conditions of Proposition 5.1, then L is isomorphic to one

of the two non-isomorhic Leisbniz superalgebras expressed in the basis {e, h, f, vo, v1, ...
Uy, WO, W1, ..., Wy—2} by the following multiplication tables respectively:

le,h] =2e, [h,e] = =2¢, [h, f1=2f, [f,hl==2f le, fl1=h, [f el =—h,

[vj,hl= (0 —=2j)v;, 0=<j<n, [h,vj]=—(n—=2j)v; —2jwj_1,
[vi, fl=vjy1, 0=<j=<n-—1, [fvjl = —vjt1 + wy,
M, : j,el=—jmn+1—=jvj_1, 1 <j<n, le,v;l=jn+1-Hvj1+j( —Dwj,
[wg, h] = (n — 2 — 2k)wy, 0<k<n-2,
[wi, 1= w41, 0<k=<n-3
[wr, el = —k(n — 1 — k)wi_1, l<k<n-2,
le, h] =2e, [h,e] = —2e, [h, f]1=2F, [f,hl==2f, le, f1=h, [f.e]l = —h,
[vj, h] = (n = 2j)v;, 0<j=n,
[vj, f1=vj41, 0<j=<n-—1,
My lvj,el=—jn+1-jvj_i, l<j=n,
[w, h] = (n =2 =2k)wg, 0 <k <n-—2, [h,we ] =2(n — 1 —k)vgr1 — (n — 2 — 2k)wy,
[wi, f1=wikt1, 0 <k <n-2, [f, wi]l = vk42 — Wi 1,

[wi, el = —k(n — 1 —Kwg—1, 0 <k <n—2, [e,we] = (n—1—k)((n —k)vg + kwi—1),
where the omitted products are equal to zero.

Proof Next, we only present in details the case of M, which derives from the family (1)
of Proposition 5.1. Analogously it could be obtained the Leibniz superalgebra M, from the
family (2) of Proposition 5.1.



Thus, to prove the statement of the theorem we need to show that all the products
involving only V and W vanish. Next we are goning to prove that [W, W] = 0, that is,
ozlf;’ = :’]’ =y// =0foralli, jsuchthat0 <i,j<n—2.

By means of the graded Leibniz identity that follows: [e, [w;, w;]] = [[e, w;], w;] +
[le, w;], w;], we obtain that 2[3’”e + y”’h which is the result of the left-hand 51de of the
equation, equals zero, result of the other side of the equation. Therefore, B;’j’ =y =0 for
all i, j. Finally, the graded Leibniz identity [A, [w;, w;]] = [[h, w;], w;] + [[h, w;], w;]
leads to —2«/e = 0 and then 7 = O for all i, j

Application of the Leibniz superidentity constraint in the following cases we get the
results given in the table.

Leibniz superidentity Constraint

{vo, vo, w;}, 0<j<n-—2 Bf)j:y(;j:O [vo,wj]:af)je

{vo, vo, vo} Boo = 100 =0 [vo, vo]l = apoe

{vo, wj, v}, 0<j<n-2 ng=y6’j=0 [wj,vo]=oe(’)/je

{vo,vo, v}, 1 <j<n Boj=v;=0,a00=0 [vo,v;]=0pje, [vo,v0] =0
{vo, vj, v}, 1 <j<n Bio=vjo=0 [vj, vol = ejoe

{h,vo,wj}, 0<j<n-—-2 aé}:O [vo, w;1=0

{h,wj,vw}, 0<j<n-2 0101 0 [wj,v] =0

{e,vo,wj}, 2<j<n ajo=0,1<j<n—-1 [vj,uwl=01<j<n-1
{h,vo,vj},2<j=<n aj=0,1<j<n—-1 Ju,v;]=0,1<j<n-1
{vo, vy, h} apy =0 [vo, v,] =0

{vn, vo, I} apo=0 [vn, v0] =0

It can be summed up as [vg, v;] = [vj,vp] = 0 with 0 < j < n and [vo, wx] =
[wr, vo] =0with0 <k <n —2.

Firstly, we are going to prove that [v;,v;] = Ofor 1 < i,j < n, [v;, wg] = O for
1<i<nand0 < k <n — 2, using the induction method on i.

Fixed jand k (0 < j < n, 0 < k < n — 2), we suppose that [v;_1,v;] = 0 and
[vi—1, wr] = 0. Consider the following Leibniz superidentities:

[vi—1, Lfs vill = [vi-1, f1, v;] + [[vi-1, v;], f1=0,

lvi—1, Lfs will = [vi-1, f1, wel + [[vi—1, wil, f1=0
we get [v;, v;] = [v;, wg] = 0.
Then, only rest to prove that [wy, v;] = Owith 1 <i <nand0 < k < n—2. Analogously

to before, we prove it using the induction method on i (0 < i < n). Recall that [w, vg] = 0
with 0 < k <n — 2. Fix k (0 < k < n — 2). We suppose that [wy, v;_1] = 0. Taking

wi, [f, vi—11] = [[wk, f1, vi—1] + [[wk, vi—1], f1=0

we get [wg, v;] = 0.



Thus, we obtain the Leibniz superalgebra of the statement of the theorem. O

k

6 Lo =sly,and Ly = @J,- with Each J; a Leibniz Irreducible s[>-Module
i=1

Next, we consider Ly = slp and L with structure of a finite direct sum of Leibniz

irreducible sl,-modules.

Proposition 6.1 Let L = Lo ® L1 = slp @ J be a Leibniz superalgebra with J a finite
direct sum of Leibniz irreducible sly-modules, i.e. J = @{‘{:1 J; with J; a Leibniz irre-
ducible sly-module. Then, L admits a basis {e, h, f, vf), v’i, .. vih_; 1 <i < k} with respect
to which the multiplication table is as follows:

le, h] = 2e, [h,e] = —2e, h, f1=2Ff, [f,hl = =2f, le, f1=h, [f, e] = —h,
[, hl = (n; = 2j)vf;, O<j=m, l<is<k

[v;,f]=v§+1, | 0<j<nm-11<i<k,
[W.el=—j+1—jw . 1<j<m. 1<i<k

[h, vl = =8;(n; — 2))v}, O<j=m, l<is<k

[f 0] = =8ivj s | O<j<nm—11<i<k

le,vi]=38ij(ni +1—jvj_y, 1=j=<n, 1 <i=k,

[ Vil =alh e+ By h+ vl f,0<m<n, 0<j<m, 1<il <k,

where §; € {0, 1}, 1 <i < k and the omitted products are equal to zero.

Proof From [10] we deduce that given V; = span{vf), v’i, ey vﬁli} a (n; + 1)-dimensional
complex vector space and A, p : slo, —> gl(V;) an irreducible representation of sl,, then
either p + A = 0, or A = 0. We can traduce this fact into the multiplication table as follows
for each value of i:

[}, hl = (n; = 2j)vf, [h, Vil = =8i(n; = 2j)v}, 0< j <m;,
. 1= i, [fovi] = —8ivf . 0 j <mi— 1L,

[, el = —j(ni+ 1= vy, [e,vi] =8 jni+ 1=’ |, 1<j<mn

with §; € {0, 1}. Note that §; = 1 is exactly the case p + A = 0 where multiplication
between elements of sl and V; is skew-symmetric and V; is in fact an irreducible Lie sl(;-
module. If §; = 0, on the other hand, is the case A = 0, and this case corresponds with the
non-Lie Leibniz irreducible sl;-module. Finally since the underlying vector space of any
Leibniz superalgebra is in fact a Z;-graded vector space we deduce the expression of the
remaining products. O



Theorem 6.1 Let L be under the conditions of Proposition 6.1, then L is isomor-
phic to one of the following Leibniz superalgebras expressed with respect to the basis

{e, h, f, vé, vi, .. n ; 1 <i <k} by the following multiplication table:
le, h] =2e, [h,e] = —2e, h, f1=2f, [f,h] = =2f, e, f1=h, [f,e] = —
[V}, bl = (ni = 2j)v5, O<j=ni, 1<i=k,
i, f1=v44, 0<j<n—11<i=<k,
[v;,e] —](nl—l—l—])v] p1<j<mn, 1<ic<k,
[h, V5] = =8i(n; — 2))v5, O<j=n,l=icz<k,
Lf, vl = =8ivj s O<j=n—1 1<i<k,

[eU]_S,J(n,—i-l—])v 1<j<n, 1<i<k,

j—1

where §; € {0, 1}, 1 < i < k and the omitted products are equal to zero.

Remark 6.1 Note that the superalgebra from the statement of the theorem, with §; = 1
for all i is the only one that is a Lie superalgebra, the remaining ones are non-Lie Leibniz
superalgebras.

Proof Note that the proof is equivalent to the proof when k = 2, since in order to show that
the products

(i, v]—(x e+[3 h+y,ﬁlljf

vanish we only have to distinguish two cases i = [ (both vectors in the same subspace V;,
being V; a slp-module) ori # [ (each vector in a different subspace, V; and V; respectively).
Therefore without loss of generality we can suposse k = 2.

Therefore, let {e, h, f, vé, vll, o v,il, v%, v]2, . vﬁZ} be a basis of L. In order to prove
the theorem, we distinguish three cases: @) §1 = 8, = 1; b) §1 = 1, § = 0 (or 61 =
0, 5 = 1) and ¢) 81 = 8, = 0. In all these cases, the used tools are based on Leibniz
superidentity and the induction method. Next, we only present in details the first case and

analogously (using the same techniques) it could be obtained the other two cases.

Case a: §; = §, = 1. Using Leibniz superidentity, we have the following constraints:

Leibniz superidentity Constraint
=0, j -1 ) vi1=0, 0<j <n -2,
oy;=0, j#nm—1, [vy, v;1= j=nm
1 1 . 1 ; 1.1
{vg. b, v}, 0= j <, B” 0, j #ni, [v(l)»vrl,l_ = 0‘0n1—1e
ij =V, [vov Unl] BOnI
J U 1 _ 1 17—
{vg» Vg Un, ) Bon, =0. [vg: v, 1 =10,
1 1 1 _ 11 —
{vy, €, vy, } oy, =0, [vg: vy, —11 =0,
11,2 ; 12 1.2 12
{vg, vg, v}, 0 < j <na, Boj—yoj =0, [vg, vl = apfe,
111 ;
{vog. v 5}, 0=, o L o
j<n,i#0, ij=vi; =0, [, vl = a;je,

{vg. v}, v3} 0<j <ma, B3 =% v/3=0,



1 .,1 2 . 12 12
{anvza vj}s OS] <ny, BQ.,':O, yzj "
=2(n1 — Dag?,

1 1 .2 :
{vo’vl"vj}’3§l§nl’ 12:)/41.2:0{12‘:0
0=<j=<ny, vt 07 ’
1 .2 1 -
{UO,Ui,Uj}, I <i<ny, 21 _ 21_0
. ij=VYij =Y
0<j<ny,
1,2 .2 T 22 __ .22
{vg, viv w5} 0 <, j < na, ij=vi;=0

We summarize all these considerations in the following table:

[vg, v} 1 =1lvg, v31=0, 0<i <ni, 0<j <ny,
o} v = e 1<i<n, 0<j<m, k=<2,
[v?,v?"]:aiz:fke, 0<i<ny, 0<j<nm, l<k<2
For finish this proof, we should proceed by induction on i. We have that [v[]), vil] =
[ug,vf] =0,0<i<nand0<j <ny Wefixj,0<j<mandl <[ <2, and we
supose that [vl.l_l, vé] = 0. Then by Leibniz superidentity on the following triple elements
{vl.lfl, £, vﬁ.} permits to get [vil, vi.] =0forl <i<mand0<j<n,1<I<2
Finally, from Leibniz superidentity on {vll, vl.z, vl].} with0 < i <np,0 < j < n; and
I <1 <2 we obtain [v}, V%] = 0, O

k
7 Lo=sly+1,andLy = @J,- with Each J; a Leibniz Irreducible
i=1

(s> -+ I)-Module

Now we consider Ly = sl + I where I is the Leibniz kernel and L; with structure of a
finite direct sum of Leibniz irreducible (s, 4 I)-modules. It can be seen that following the
spirit of Propositions 4.1 and 6.1 we get the next result.

Proposition 7.1 Let L = Lo ® Ly = (slp + 1) @ J be a Leibniz superalgebra with J
a finite direct sum of Leibniz irreducible Lo-modules, i.e. J = @le Ji with J; a Leibniz
irreducible (sly + I-module. Then, L admits a basis {e, h, f, xo, X1, - . . Xm, Vg, VY, - v;”;

1 <i <k} with respect to which the multiplication table is as follows:

[e,h]=2€, [h,€]=—2€, [h7f]=2f7 [fah]=_2f’ [e7f]=h7 [f»e]=_h»

[xt, h]l = (m = 20)x;, 0<t<m,

[x, f1 = x41, 0<t<m-—1,

[xr, el =—tm+1—1)x_1, 1<t<m,

[0} 1] = (i = 25, O<j<m. 1<i<k

[h, f1="0l,, O<js<m—11<i=<k



Wi el = —j +1— iy,
[h, V5] = =8 (ni — 2))vf, 0<j<m, l<is<k,

£, 051 = =80, O<j<m—11<i<k
e, vi]=8;j(ni + 1= )t

1<j<n; 1<ic<k,

L l<j<m, 1<i<k

[v,,,v]—oz e+B”h+y”f+Zk’”xz, 0<p=<n;,0<j=<n, 1<il=<k,

where §; € {0, 1}, 1 <i < k and the omitted products are equal to zero.

Theorem 7.1 Let L be under the conditions of Proposition 7.1, with m an odd positive
integer and all of the n; with the same parity (simultaneously either odd positive integers or
even ones), then L is isomorphic to one of the following Leibniz superalgebras expressed
with respect to the basis {e, h, f, xo, x1, ... Xm, v’o, v‘l, o vﬁ,i; 1 <i < k} by the following
multiplication table:

[e,h]=2€, [h,€]=—2€, [h7f]=2f9 [f,h]=—2f, [e7f]=hv [fae]=_

[x7, h] = (m — 21)x;, 0<t<m,

[xr, f1= X141, 0<t<m-—1,
[xr,e]l=—t(m+1—1x_1, 1<t<m,

[, Al = (n; = 2j)v}, 0<j<n, 1<i<k,
[vj, f1= "1}, 0O<j<m—11<i<k
[V, el = —j(ni +1— jHvi_,, l<j<m, 1<is<k,
[h, V5] = =8 (n; — 2j)v}, 0<j<m, 1<i<k
Lf,vj] = =8}, O<j=n—-11<is<k
[ev]_(sl,](nl-"_l )5'_17 1<j<n;, 1<i<k,

where §; € {0, 1}, 1 <i < k and the omitted products are equal to zero.

Proof Notice that the proof is equivalent to the proof when & = 2, since while checking
that the products

[v v ]—a e—l—Bllh—l—ypjf—l—Z)L’l’

vanish we only have to distinguish two cases i = [ or i # [. Consequently, without loss of
generality we can suppose k = 2. Moreover the case i = [ was already seen throughout the
proof of Theorem 4.1, then only rest to study de case i # [, i.e.,i = 1 and /[ = 2. Thus,
suppose

m
[} vil=afe+Bh+y} 2 f+> AFx. 0<i<n, 0<j<n.
t=0

By the graded Leibniz identity [xo, [v], v31] = [[x0, v/ ], v]1+[[x0, V31, v/ ] itis obtained

l.ljgmxo + yi;le = 0, being then Biljz = yi}z = 0 for all i, j. Next, the graded Leibniz



identity [xi, [vl.l, v%]] = [[x1, vil], vjz.] + [[x1, v?], vil] leads to —mailizxo = 0, and thus

o = 0 for all i, j.Hence then, we can suppose without loss of generality that

m
[, v 1= APx, 0<i<nm, 0<j<n.
t=0
Using now the following graded Leibniz identity [vl.l, [vjz, hll = [[vl.l, vjz], h] —
[[vil,h],vjz.] we have [vil, (ny — 2j)vf] = [[vil, v?],h] — [(ny — 2i)vl.],v?], that is
m
(np —2j+ny — 2i)[vl.], v?] = Z X}J-Zt (m — 2t)x; and then we obtain
t=0
m m
(2 = 2j +n1 =200 AP x) =Y M m = 20)x,. (7.1)
=0 =0

Since m is odd and n| and n, are both at the same time either even or odd integers, then
from the above equation we deduce )Liljz’ = 0 for all  on account of its coefficients on
both sides of the equation, on the left-hand side the coeffients are always even numbers in
contrast with the coefficients on the other side, odd ones. Thus, [vil, v?] = 0 forall i, j.

Analgously it can be shown that [vjz., vil] = 0 for all i, j, obtaining then the (non-Lie)
Leibniz superalgebras of the statement of the theorem. O
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