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Barcha  differensiallashlari  ichki bo‘lgan  Leybnits
algebralari

Ushbu ishda mukammal Leybnits algebralarining ba’zi
xossalarini qaraymiz. Mukammal Li algebralari uchun
olingan ba’zi natijalarni Leybnits algebralari uchun
kengaytiramiz.
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Aurebpsor Jleitbuuiia ToJIBKO ¢ BHyTpeHHUM auddepeHtm-
poBaHuem

B sT0it cTrarhe MBI paccMaTpuBaeM HEKOTOPDLIE CBOMCTBA
coBepitennble anaredbpwr Jleitonua. Mbl pacmpocTpamHseM
HEKOTOPBIE PE3YJIbTATHI, IOJyYEHHbIE J[jIsi COBEPIIEHHBIX
ayredp Jlu, Ha ciaygait anrebp Jleibuua.
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KaJI; pajuKaJ; nenTp; auddepeHmpoBanue.
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Introduction

A Lie algebra is called complete if its center is zero, and all its derivations are inner. The definition of
complete Lie algebras was given by N. Jacobson in 1962 [12]. The first important result of complete Lie
algebras first appeared in 1951 [11], in the context of Schenkman’s theory of subinvariant Lie algebras.
In recent years, different authors have concentrated on classifications and structural properties of
complete Lie algebras.

It is well known that semisimple Lie algebras over field of characteristic 0, the Borel subalgebras,
and the parabolic subalgebras of complex semisimple Lie algebras are complete Lie algebras. It has
been proved by E. V. Schenkman that the holomorph of an abelian Lie algebra over the complex field
C is a complete Lie algebra. A complete Lie algebra is called a simple complete Lie algebra if not any
of its non-trivial ideals are complete. D. J. Meng [§] has proved that any finite dimensional complete
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Lie algebra can be decomposed into the direct sum of simple complete ideals, and the decomposition
is unique up to the order of the ideals. He has studied some complete Lie algebras with commutative
nilpotent radical and other complete Lie algebras whose nilpotent radicals are the direct sum of abelian
Lie algebras and Heisenberg algebras in [8], [I0]. Heisenberg algebras play an important role in physics.
C. P. Jiang, D. J. Meng and S. Q. Zhang [6] have given the derivation algebra Der H and the holomorph
h(H) of the finite dimensional Heisenberg algebra H over the complex field and have also given the
derivation algebra Der(h(H)) of h(H). They proved that DerH was a simple complete Lie algebra,
h(H) was not a complete Lie algebras, but its derivation algebra Derh(H) was a simple complete Lie
algebra. Therefore, they have obtained two important classes of complete Lie algebras.

In [9] solvable complete Lie algebras were studied by D. J. Meng and L. S. Zhu. However, up to
now there are a great deal of complete Lie algebras unknown. So, looking for complete Lie algebras is
still an important task. In 2002 Y. C. Gao and D. J. Meng [5] first have given a necessary and sufficient
condition for some solvable Lie algebras with [-step nilpotent radicals to be complete and a method to
construct non-solvable complete Lie algebras.

A comprehensive study of the Lie algebra theory resulted in a number of beautiful results and
generalizations. In particular, Loday introduced in [7] a non skew-symmetric analogue of a Lie algebra,
called Leibniz algebra.

A simple, but yet productive property from Lie theory, namely the fact that the right multiplication
operator on an element of the algebra is a derivation, can also be taken as a defining property for
a Leibniz algebra. In the last years, Leibniz algebras have been under active research; among the
numerous papers devoted to this subject, we can find some (co)homology and deformations properties,
results on various types of decompositions, structure of solvable and nilpotent Leibniz algebras and
classifications of some classes of graded nilpotent Leibniz algebras. Also, many results of theory of Lie
algebras have been extended to the Leibniz algebras case. For instance, the classical results on Cartan
subalgebras, Levi decomposition, Killing form, Engel’s theorem, properties of solvable algebras with a
given nilradical and others from the theory of Lie algebras are also true for Leibniz algebras. Recently,
D. Barnes proved an analogue of Levi’s theorem for the case of Leibniz algebras [3]; namely, a Leibniz
algebra L is decomposed into a semidirect sum of its solvable radical and a semisimple Lie subalgebra,
L = S+R. He also presents an example in which two semisimple Lie subalgebras corresponding to
different decompositions are not conjugate by an inner automorphism.

The aim of this article is to discuss complete Leibniz algebras. In this work we consider some
properties of complete Leibniz algebras. We extend some results obtained for complete Lie algebras to
the case of Leibniz algebras.

Throughout the paper we denote by F a field of characteristic zero and by L a finite dimensional
Leibniz algebra over F.

Preliminaries

DEFINITION 1. A vector space with bilinear bracket (L, [—, —]) over a field F is called a Leibniz algebra
if for any x,y, z € L the so-called Leibniz identity

[fL‘, [y7z]] = [[xvy]’z] - [[mvz]vy]

holds.
DEFINITION 2. For a given Leibniz algebra (L,[—, —]) the sequences of two-sided ideals defined

recursively as follows:
LY=L, LM =Lk 1), k>1,

W =p, bt =l Ll s >1,

are said to be the lower central and the derived series of L, respectively.
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DEFINITION 3. A Leibniz algebra L is said to be nilpotent (respectively, solvable), if there exists
n € N (m € N) such that L™ = 0 (respectively, L™ = 0). The minimal number n (respectively, m)
with such property is said to be the index of nilpotency (respectively, of solvability) of the algebra L.

Evidently, the index of nilpotency of an n-dimensional nilpotent algebra is not greater than n + 1.

DEFINITION 3. An n-dimensional Leibniz algebra L is said to be null-filiform if dim L’ = n 4+ 1 —
i, 1<i<n+L

Evidently, null-filiform Leibniz algebras have maximal index of nilpotency.

Theorem 1.[1I] An arbitrary n-dimensional null-filiform Leibniz algebra is isomorphic to the algebra

NFn: [ei,el]:e“_l, 1§i§n—1,

where {e1,ea,...,en} is a basis of the algebra NF,.

From this theorem it is easy to see that a nilpotent Leibniz algebra is null-filiform if and only if it
is a one-generated algebra, i.e. an algebra generated by a simple element. Note that this notion has no
sense in Lie algebras case, because they are at least two-generated.

DEFINITION 4. The maximal nilpotent (respectively, solvable) ideal of a Leibniz algebra is called
the nilradical (respectively, radical) of the algebra.

Notice that the nilradical is not the radical in the sense of Kurosh, because the quotient Leibniz
algebra by its nilradical may contain a nilpotent ideal (see [12]).

Theorem 2. [4] Let R be a solvable Leibniz algebra whose nilradical is NF,,. Then there exists a
basis {e1,ea,...,en,x} of the algebra R such that the multiplication table of R with respect to this basis
has the following form:

[62',61]:67;4_1, 1§’i§n—1,
[z, e1] = ex,

lei,x] = —ie;, 1<i<n.

We recall an analogue of Levi’s theorem for Leibniz algebras given in [3].

Theorem 3. Let L be a finite-dimensional Leibniz algebra over a field of characteristic zero and
let R be its solvable radical. Then there exists a semisimple Lie subalgebra S of L such that L = S+R.

The subalgebra S of the above theorem, similarly to Lie algebras theory, is called a Levi subalgebra
of the Leibniz algebra L.

DEFINITION 5. A linear map d: L — L of a Leibniz algebra (L, [—, —]) is said to be a derivation if
for all x,y € L, the following condition holds:

d([z, y]) = ld(x), y] + [z, d(y)]

The set of all derivations of L (denoted by Der(L)) forms a Lie algebra with respect to the
commutator.

For a given element x of a Leibniz algebra L, the right multiplication operator R,: L — L, defined
by R,(y) = [y,z], is a derivation. In fact, a Leibniz algebra is characterized by this property of the
right multiplication operators. As in Lie case this kind derivations are said to be inner derivations. Let
the set of all inner derivations of a Leibniz algebra L denote by R(L), i.e. R(L) = {R, | =z € L}.

DEFINITION 6. The set Z(L) ={z € L: [x,z] = [z,2] =0, Vo € L} is called the center of L.

DEFINITION 7. A Lie algebra G is called complete if its derivations are all inner and its center is 0.

Proposition 1.[12] If R is complete and an ideal in G Lie algebra, then G = R® S where S is an
tdeal.

In this paper we consider the notion of complete Leibniz algebras as given in [2].

DEFINITION 8.[2] A Leibniz algebra L is called complete if Z(L) = 0 and all derivations of L are
inner.

The solvable Leibniz algebra R in Theorem 2 was shown to be complete in [2] by Ancochea Bermudez
J. M. and Campoamor-Stursberg R.
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Main results

We have the following result:

Theorem 4. Let L be a Leibniz algebra and L = R+sly be its Levi decomposition, where R is a
complete solvable ideal whose nilradical is NF,,. Then L = R ® sls in other words, L is the direct sum
of ideals.

Proof. Let L be a Leibniz algebra, such that L = R+sls, be its Levi decomposition, where R is a
solvable ideal whose nilradical is NF,,. Then there exists a basis {e, h, f,e1,ea,...,e,,x} of the algebra
L such that the table of multiplication in L has the following form:

(e, h] = 2e, [h, f] = 2f, e, f] = h,

[h7 6] = _367 [fa h] = _3f7 [f: 6] = _gv

e, ;] = ‘21 ajjej + oz, [he] = ‘21 Bijej + Biz, [f,ei] = '21 Yij€j + Vi,
j= j= j=

n n n
[ei,e] - Zl Ctmej +Olix7 [ei,h] - Zl ,61‘76] +,31x, [€i7f] - 2171]6‘7 +’Yzm,
J= J= J=

n n n
le,x] = '21 dje; + oz, [h,x] = '21 ojej +ox, [f,x]= ‘21 Tje; + T,
‘]; ! / JE / ’ J?L ’ ’
[z, €] = '21 diej+dx,  [r,h]= '21 oiej+ox, v, f]= ZITjej + 7,
J= j= j=
[eiael] :ei+17 1 SZSn_17 [xael] :_617
le:, z] = ie;, 1<i<mn,

where 1 <7 <n.
Now we will study the products [R, sls] and [sle, R].
From the following identity

n
le,e1,e1]] =0 =[e, ea] = Z agjej + asx,

j=1
we obtain that ag; =0 for 1 < j <n, and as = 0.
We consider the Leibniz identity:
n n
[67 [61, eZH = [[6, 61]7 e’i] - [[67 61'], 61] = (Z Q15€5 + 0415[1)6@' - ( Qi€ + Oéil‘)el =
J=1 J=1
n—1
= — Qjjejy1 + Qg€eq, 2<i1<n.
j=1

On the other hand, we have that [e, [e1,€;]] = 0 for 2 < i < n.

Comparing the coefficients at the basic elements we obtain a;; =0for 1 <j<n-—1,and a; =0
for 2 <i < n, thus [e, ¢;] = ajne, with 3 <i < n.

Consider the following equalities

le, [es, e1]] = [le, ei], e1] — [[e, e1], ei] =  [ainen,e1] — (i ajje; + oqx)e; =

J=1
=0=[e, €it1] = Qit1n€n, 2<i1<n.

Then we have that [e, e;] = 0 with 2 <1 < n.
n I ! n li li
0=[le1, €], €] = [e1, [ei,e]] + [[er, el &) = [er, D0 ayiej +ouz] +[ 30 oy e + ayw, 6] =
j i=1

=t 7=
= ;€2 + ogeq,
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it follows that a;1 =0 and a; =0for2<i<n.

[.’IJ, [6, .f]] = [[x7e]7$] - H.’E,JJ],@] = [215;% + 6/$,£IJ] =
j:
= Z (5;]6]
j=1
On the other hand, we have that [z, [e,z]] = [z, Y dje; + dx] = —diey.
j=1
Comparing the coefficients at the basic elements we obtain 5,1 = —4; and 5;- =0for2<j<n.
[617 [e,x]] = [[6176]7:1:] - [[81,%],6] = [Z 041]6] + O41:6 LL’] [6176] =
7j=1
Z 1;]63 (21 04,1j€j + 04,133) = Zla/lj(j —1)ej — 0‘137 =
j= j= j=

[61, Z 0; €5 + (5.%'] = 5162 + (561

We obtain that § = 0, a12 = 41 and alj =0for3<j<n.

lle,x],e1] = le, [z, e1]] + [le,e1], ] = —[e,e1] + [zz:laljej oz, z] =
i AL€j — At + i alJ]eJ Z alj( ) — T =
Jj=1 J=1

n
[Z jej,e1] = -21 0j€j+1,
: J:
it follows that ay =0, 6; = joy j41 for 1 <j <n—1.
le1, [z, €] = [[e1, z], €] — [[e1, €], 2] = e1,€] — [aje1 + brea + ajz, 2] =

I ! ! ! ! !
=y €1 + 0162 + aqx — g e1 — 2012 = aqx — d1eg = [er, —d1e1 + 0 x] = —d1ea + J ey,

Thus we have that §' = o) = 0.

[z.e],e1] = [, [e.er]] + [z, ea],e] = [z, aujej] — [er, €] = —anier — agjer — drep =
i—1
—(a11 +ajy)er — dreg = —[d1€e1,e1] = —b1e2
it follows that aj; = —an;.
leis e, z]] = [[ei, €], ] — [[ei, 2], €] = [22%-6;'796] —ilei, €] =
=3 agde; —i Y e = > oy (j — i)ej =
=z Jj=2 =2
= [ei, D dje] = b1€i41,
j=1
Thus O‘m+1 =6 and o ;=0for j#{i,i+1}2<i<n-—1
[en, [e,z]] = [[ens €], 2] — [[en, z], €] = [ZQQ;zjej’$] — nlen, €] =
]:
=Y apie; —nY o e = > oy (j —n)ej =
j=2 Jj=2 Jj=2
= len, > 0je;] =0,
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Wegeta/nj:Ofor2§j§n—1.

lei, [e1, e]] = [[ei, e1], e] — [[ei, €], e1] = lei+1, €] — [ae; + S1eip1, 1] =
= g€t 01 — et — O1eia = (0, — Qg)eipt =
= [ei, —aq1€1 + 01€2] = —011€i+1,
it follows that a;+1,i+1 — a;i = —aqq for 1 <7 <n—1, we have that oz;i = —iaqq, for 1 <i < n.

Similarly, applying the Leibniz identity to the triples {h,e1,e;}; {x, h,z}; {e;, h,z}; {f, e1,ei};
{z, f,x} and {e;, f,z} for 1 <i < n, we get the following table of multiplications:

[e, h] = 2e, [h, f] = 2f, le, f] = h,
[h,e] = —2e, [f, h] = —2f, [f,e] = —h,
[e,e1] = Zlaljew [h,e1] = Zlﬁljej7 [f.e1] = Zl’ﬂj@j,
J= J= =
lei, €] = —iaiie; + anzeir1, e, h] = —ifne; + Sizeit, les, f] = —iviie; + Y12€i41,

[em 6] = Oélnnem [em h] = B;mem [em f] = V%nem
n—1 n—1 n—1

le,r] = 21 jorjy1ej + 0pen, [h,x] = 21 JB1j+1€j + onen, [f,x] = '21 JV1,j+1€5 + Tnen,
J= J= J=

[z,e] = —aizeq, [z, h] = —fzer, [z, f] = —712e1,

[eivel] = €i+1, 1 SZ S?’L—l, [$,€1] = —€y,

[ei,:c] :iei, 1 <i<n.

Using the above obtained equalities and the following

[em [67 h]] = Hen’e]’h] - [[env h]ve] =

li i ! !
= annﬂnnen - /Bnnannen =0=

[oz;men, h] - [/B;Lnen’ 8] =

[en, 2e] = 2[en, €] = 204;1”6”,

it follows that a,,, = 0, we have that 0 = «,,, = —na1, so a;i = —tay; =0, for 1 <i<n.
Similarly, applying the Leibniz identity to the triples {e,, f,h} and {ey,e, f} we have that 8; =

Y =0 for 1 <¢ < n.
Now we consider the equalities

[‘T’ [6, h“ = Hxve]vh] - [[xvh]ve] =
=0

= —aq2f12€2 + Praaizes

and we have that ajs = 0, also 812 = y12 = 0.

[[67 h]? 61] = [67 [h7 61]] + [[ev 61], h] =

[—aige1, h] — [—Bi2e1, €] =

= [x,2e] = —2a9€1,

[e, Z 51]‘63‘] + [ ayj€ej, h] =
Jj=3 7j=3

n
=0= [26, 61] =2 Z aljej,
7=3

it follows that aq; = 0 for 3 < j < n, also $1; =0 and 71; =0 for 3 < j < n.

[[67 h]v x} = [e, [h7$]] + [[6,.75], h] =
= 0= [2¢e,x] = 20p6p.

[67 Unen] + [577,6717 h] =

Hence 6,, = 0, also o, = 75, = 0.
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Consequently, we obtain the following table of multiplication:

[evh]ZQe’ [hvf]:2fa [evf]:h7
[h7e] = —2e, [f: h] = _2f7 [fv 6] = —h,
lei,e1l] =€i11, 1<i<n-—1, [z,e1] = —e,
lei, x] = ie;, 1<:<n.
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