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Abstract: The aim of the paper is to find conditions in which the derived almost Lie vector bundle E 1)
of an almost Lie vector bundle E is a Lie algebroid. The conditions are that some extended curvatures
on E, considered in the paper, are vanishing. Two non-trivial examples are given. One example is
when Ej is a skew symmetric algebroid; the other one is when E; is not a skew symmetric algebroid.
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1. Introduction

The Lie algebroids [1-4] are a good setting to consider some generalizations or exten-
sions of classical constructions and notions from differential geometry, mechanics, physics,
etc. Some less restrictive conditions in the definition of a Lie algebroid are studied under
different names and using different forms (see [5] for an up-to-date review). Non-skew
symmetric brackets can be involved, as in [6] or [7] and the references therein. In the present
paper, we consider only skew symmetric brackets (as in [8-10]). Complex and/or Poisson
geometry can be involved, as in [11]. An algebraic setting is studied in [12]. The Banach
space setting is studied in [13-16].

Anchored vector bundles are considered in [17], where they are called relative tangent
spaces; an associated skew symmetric bracket gives rise to an almost Lie vector bundle,
called an almost Lie structure in [18-20]. In [19], it is proven that the anchor and bracket cou-
ple is in a one-to-one correspondence with a one-degree derivation of the exterior algebra
of the given vector bundle. The Jacobiator of the bracket is linear only for skew symmetric
algebroids, when the anchor compatibility of the brackets holds (see 3 of Proposition 1).
The vanishing Jacobiator defines a Lie algebroid.

The first derived almost Lie vector bundle of a given almost Lie vector bundle is
considered in [18], and it plays an important role in the present paper. A linear E-connection
V having a null torsion is used in the background. We define two extended curvatures of
V and we prove that if both these two extended curvatures vanish, then the derived almost
Lie vector bundle E() is a Lie algebroid (the main Theorem 1).

In [10], we have considered an example of a skew symmetric algebroid Ey whose
anchor does not have a skew symmetric bracket with a vanishing Jacobiator, i.e., the anchor
does not allow a Lie algebroid structure, but the derived almost Lie vector bundle E(()l) is
a Lie algebroid. The calculations to settle this example are direct, but too long and only
stated in the paper, without an effective proof. In the present paper, we give a different
effective proof of this result, also extending the case n = 2 to an arbitrary n > 2.

Two examples when Theorem 1 applies (involving the existence of two vanishing
extended curvatures) are given. One example is when Ej is a skew symmetric algebroid (the
above mentioned example) and the other one is when E; is not a skew symmetric algebroid.
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2. Almost Lie Vector Bundles and Skew Symmetric Algebroids

Let g : E — M be a (smooth) vector bundle and 7t1p : TM — M be the tangent
vector bundle of M, considering smooth structures on M and E. Let (M) be the real

algebra of smooth real functions on M.
not.

Ifp: E—TM(orp:TI'(E) = I(TM) = X(M))is a vector bundle map, called an
anchor , then (E, p) is called an anchored vector bundle.
A skew symmetric bracket on the anchored vector bundle (E, p) is a map

[, g : T(E) x [(E) "¥ T (E)* = I'(E)

that fulfills the conditions
Y, X]g = —[X,Y]g

and
(X, fYle =p(X)()Y + fIX, Y]E, (V)X Y, Z €T(E), (V)f € F(M).

An almost Lie vector bundle is a triple (E,p, [-,-]¢) (or only E, when no confusion is
possible).
Consider the maps

D:T(E)> = X (M), D(X,Y) = [o(X),p(Y)] = p([X, Y]p).

and
Je i T(EP - T(E), Je(X,Y,Z) = Y[X, [Y, Z]ele.
cire

As usual (see, for example, [21]), J is called the Jacobiator map of the bracket |-, | .

We notice that, in general, on an almost Lie vector bundle E, D is F (M)-linear in all
its arguments, while Jr is not.

If the compatibility condition D = 0 holds, then E is called a skew symmetric algebroid.

A skew symmetric algebroid is a Lie algebroid if the Jacobiator of the bracket vanishes.

All these properties can be summarized as follows. The proofs are straightforward
and follow by direct computation.

Proposition 1. Let E be an almost Lie vector bundle with a skew-symmetric bracket. Then, the
following statements hold true:

1. The map D is F(M)-bilinear and skew symmetric;

2. The map Jg is skew symmetric, Jp(X,Y, fZ) = D(X,Y)(f)Z+ fIe(X,Y,Z), (V)f €
F(M),and X,Y,Z € T(E);

3. The map Jg is F (M)-linear in all its arquments if E is a skew symmetric algebroid;

4. The map Jr vanishes if E is a Lie algebroid.

In particular, for skew symmetric algebroids, we obtain the following.

Proposition 2. For an almost Lie vector bundle E with a skew-symmetric bracket, the following
conditions are equivalent:

1. E is a skew symmetric algebroid;
2. D=0
3. Jgis F(M)-linear in all its arguments.

The Jacobiator Jr vanishes if E is a Lie algebroid.

An interpretation of D is that it can be seen as an anchor p/\ :ENE —-TM,

pM(XAY)=D(X,Y).
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Here, E A E denotes the exterior product bundle of E (i.e., the exterior product on each
fiber).

Now consider an almost Lie vector bundle E and let 7t4 : A — M be a vector bundle
over the same base M. A linear E-connection on Aisamap V : T'(E) x I'(A) — I'(A) that
verifies Koszul conditions:

VfXS = fVxs, V(X+X’)S =Vxs+ Vys,
Vx(fs) = p(X)(f)s+fVxs, Vx(s+5s') = Vxs+ Vxs',
()X, X' €T(E),s,s' eT(A), f € F(M).
The curvature of V is the map R : T(E)? x T(A) — I'(A), given by the formula

R(X,Y)s = VxVys — VyVxs — Vix v},
(V)X,Y € T(E) and s € T(A).

Proposition 3. Let E be an almost Lie vector bundle and A be a vector bundle over the same base
M. If V is a linear E-connection on A, then the formula Rx,ys = R(X,Y)s defines a linear
E A E-connection on A, according to the anchor p”.

Proof. One can check that for a givens € T'(A), (X,Y) — R(X,Y)s is F(M)-linear in both
arguments.

However, for given X,Y € I'(E), the map s — Rx,ys is additive, and for f € F (M)
we have

Rxnv(fs) = R(X,Y)(fs) = D(X,Y)(f)s + fR(X,Y)s = p" (X AY)(f)s + fRxnvs.
This implies the conclusion. O

In the particular case of an E-connection V on E, we can consider its torsion
T:T(E)*> = T(E),

given by the formula
T(X,Y)=VxY—-VyX—[XY]g

and its curvature R : T(E)® — T'(E),
R(X,Y)Z = VxVyZ—VyVxZ — Vixy,Z & VxrrZ,

(V)X,Y,Z € T(E). The last notation above defines a linear E A E-connection V" on E,
according to the anchor p”. The formula

VOLZAW) = ViyZ AW +Z AV W ™S Viuy (ZAW)

defines a linear E A E-connection V(") on E A E, according to the anchor p”.
Notice that when the torsion vanishes, then

[X,Y]r = VxY — VyX. 1)

If the E-connection V is given, then the above Formula (1) defines the bracket [-, -] ; on
E, such that V has a null torsion.

3. The Derived Almost LIE Vector Bundle

Let E be an almost Lie vector bundle and V be an E-connection on E that has a null
torsion.
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We can consider on the vector bundle E!) = E @ (E A E) the anchor given by
PV (X +(YAZ)) = p(X) +p" (YA 2Z)

and the EM-connection V(1) on ED), according to the formulas

Vi = VXyJF%XAYf V(Y AZ) = Vx(YAZ) = VXY AZ+Y AVxZ, ()
VO .Z = VxwZ VO(ZAT) = Vi (ZAT).

The formula
U,V = Vv —-viu

gives a bracket on E(1) according to the anchor p(!). More precisely, the bracket on E(!) is
given by the formulas

X Y]pm = [XY]e+XAY,
(XAY,Z]pay = VxayZ—Vz(XAY), 3)
XAY,ZATlp0y = Vxay(ZAT) = Vzar(XAY).

We call the almost Lie vector bundle (E(), o), [, -] 1)) the (first) derived almost Lie
vector bundle of (E, p, [-,-]g), given by V.

Proposition 4. If the linear E-connection V on the almost Lie vector bundle E has no torsion, then
the following properties hold true:

1. DY(X,Y) = [pM(X), 0N (V)] = pM([X, Y]g) =0, (V)X,Y € T(E);
2. JU(X,Y,Z)=0,(V)X,Y, Z € T(E), where J) denotes the Jacobiator of [-, -] ).

Proof. In order to prove 1, we have:
[Pil)(X)IP(l)(Y)] = [P(X){P(Y)] = p([X,Y]g) + D(X,Y) = p([X,Y]g) + p" (X AY) =
pPM([X, Y] + X AY) = pM([X, Y] )
In order to prove the second equality, we have:
(X, [Y, Z] gy [poy = [X [V, Z]e + Y A Z]po) =
(XY, ZIEJE+ XAY, Z]E+ V(YA Z) = VypzX =
Vx[Y, Z]E — V[Y,Z]EX +XAN(VyZ—-VzY)+
Vx(Y A Z) — (VszX —VzVyX — V[Y,Z]EX) =
Vx(VyZ — V2Y) + XA (VyZ — V2Y) + Vx(Y VAN Z) — (VszX — Vzva) =
Vx(VyZ — VzY) — V[Y,Z]EX + XA (VyZ — VzY) + Vx(Y A Z) —VypazX =
VxVyZ —-VxVzY —VyVzX+V,;VyX+
XAVyZ —XNANVzY —ZAVxY+ YAVxZ.
Considering the analogous expressions for [Y, [Z, X] .q)|p0) and [Z, [X, Y]] z0), by
summing, we obtain the second equality. [

Besides the vanishing components, the Jacobiator on E(1) has other components that
can be handled using two other curvatures involving V, which we define in the sequel.
Thus, let us consider
def.
= VxVzawY = VzawVxY = Vg, zaw)Y + V. wxY,

R(ZAW,X)Y ™ _R(X,Z A W)Y

R(X,Z AW)Y
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and
RXAY,ZAW)U o VxryVzawld = VzawVxayU —
Vs @zam +Vy, o xanU-
We call
(X,Y,Z,W) = R(X,ZAW)Y
and

(X,Y,Z,W,U) = R(XANY,ZAW)U

the extended curvatures of V (the first extended curvature and the second extended curvature,

respectively).
If fe F(M)and X,Y,Z,W,U € I'(E), then we have

FIXAY) = fXAY=XA(fY),

R(X,ZAW)Y = —R(ZAW,X)Y,
R(fX,ZAW)Y = R(X,f(ZAW))Y = fR(X,ZAW)Y,
R(X,ZAW)(fY) = DX, ZAW)(f)Y + fR(X,Z AW)Y 4)

and also

R(fXAY,ZAW)U R(XAY,fZAW)U = fR(XAY,ZAW)U,
R(XAY,ZAW)(fU) = DID(XAY,ZAW)()U+ FR(XA,ZAW)U.  (5)

Notice that, according to their properties, we can consider
def.
I R(X, Z AW)Y AU+ Y AR(X, Z AW,

YRXAY,ZAW)UAV +

R(X,Z AW)(Y AL

R(XANY,ZAW)(UAV)
UARXANY,ZAW)V

Proposition 5. Let E be an almost Lie vector bundle. If X,Y,Z,W,U,V € I'(E), then

JDV(X,Y,ZAW) = R(Y,ZAW)X —R(X,ZAW)Y,
TJUVWU,XANY,ZAW) = RUXAY)(ZAW)—
RU,ZAW)(XAY)+

R(XAY,ZAW)U,

TDXAY,ZAW,UAV) = R(XAY,ZAW)UAV)+
R(ZAW,UANV)(XAY)+
RUANV,XANY)ZAW).

Proof. We prove only the first two relations, since the third relation can be proved analo-
gously. We have
TJDV(X,Y,ZAW) =
1 1 1
[X, Y, Z A W](”]( 'y [Y, Z A W,X](l)}( "4 [Z AW, [x,y}“)}( )

X, Vy(Z AW = [X, V2w Y] + [Y, V2w X = Vx(Z AW)] D+
[ZAW,[X,Y]+XAY]V =

VxVY(ZAW) =V, zam)X = VxVzawY + Vy, (v X+ XA VzawY+
VyVzawX — sz/\wxy + YAV wX — VyVX(Z A W) + VVX(ZAW)Y+
Vzaw(VxY = VyX) = Vixy)(ZAW) + Vzaw (X AY) = Vxay (ZAW) =

(vxvy(z AW) = VyVx(Z AW) = Vixy((Z A W)) +
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(VYVZAWX = VzawVyX —Vy, v X+ ny(Z/\W)X) -

(VXVZAWY —VzawVxY = Vy zamY + VVZAWXY) = Vxay(ZAW) =
R(Y,ZAW)X —R(X,Z AW)Y.

Also o

TOWXNY,ZAW) = [u[XAY,ZAW] D]+

[X NY,[ZAW, U](U} @, [Z AW, [U, X A Y}“)} M _

(U, Vxay(ZAW) = V(XA + [XAY, Vwl — Vi (Z AW)] V4
[ZAW,Vu(XAY) = VU]V =

VuVX/\y(Z A W) — va/\Y(ZAW)u — VuVzaw (X A Y) + VVZ/\W(X/\Y)U+
VxayVzawl =V, u(XAY) = VxayVu(ZAW) + Vg, zaw) (XA Y)+
VzawVu(XAY) — VVU(X/\Y) (ZAW) = VzawVxayl — VVXAYU(Z AW) =
RUXAY)(ZAW)=R(U,ZAW)XAY)+R(XAY,ZAW)U. O

Using Proposition 2 for E(!), we obtain the following true statement.

Proposition 6. Let E be an almost Lie vector bundle. Then, the following conditions are equivalent:
1. EW is a skew symmetric algebroid;

2. DU =0;

3. JW isan F(M)-linear form.

The map JY) vanishes if (EW, o), -, ‘|pw) is a Lie algebroid.
More exactly, Condition 2 can be read as follows.

Proposition 7. Let E be an almost Lie vector bundle. The condition that E(V) be a skew symmetric
algebroid is expressed by the relations

[p(X), D(Z,W)] ~ D(Vx(Z AW)) +0(VzawX) = 0, ©)
[D(X,Y), D(Z,W)] = D(Vxoy (ZAW) = Vzpw(XAY)) = O. %

Proof. Using 1 of Proposition 4, it follows that the condition D!) = 0 reads DV (X, Z A W)
=DW(XAY,ZAW) =0, where

DU(X,Z AW) = {p< /(X),p0(Z AW)| = o (Tx(Z AW) = VzawX) =

[0(X), D(Z,W)] = D(Vx(ZAW)) +p(VzrwX),

DO(XAY,ZAW) = [p(l)(X/\Y W(z AW) }

P (Vxar (ZAW) = Vzaw(XAY)) =

(DX, Y), D(Z,W)] ~ D(Vny(Z AW) — Vg (X AY)).

The conclusion follows. [

In the particular case when E is a skew symmetric algebroid, we obtain the following
statement proven in [10] (Proposition 2.5).

Corollary 1. If E is a skew symmetric algebroid, then EWV) is a skew symmetric algebroid if
p(R(X,Y)Z) =0.

Proposition 8. Consider an almost Lie vector bundle E. If EWV) is a skew symmetric algebroid,
then both extended curvatures are F (M)-linear in their arguments.

Proof. Using 2 of Proposition 6, it follows that D) = 0; then, using Formulas (4) and (5),
the conclusion follows. [
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We can prove now the main result of the paper.

Theorem 1. Let E be an almost Lie vector bundle. If E) is a skew symmetric algebroid and both
its extended curvatures vanish, then E(V) is a Lie algebroid.

Proof. Using Proposition 8, it follows that the extended curvatures are F(M)-linear in all
arguments; thus, the vanishing conditions have sense. Moreover, using 2 of Proposition 4
and Proposition 5, we have J 1) = 0; thus, the conclusion follows. O

Effectively, the conditions in the hypothesis of the above theorem are expressed by
Relations (6) and (7), and

R(X,ZAW)Y =R(XAY,ZAW)U = 0. ®)

4. Some Examples

We consider below two relevant examples.

In the first example, we consider a skew-symmetric algebroid Ey on R" that is not a
Lie algebroid, and we prove that its derived almost Lie vector bundle Eél) is a Lie algebroid.
It is an extension of an example in [10], where the case n = 2 is considered and where it is
proven that in this case, there is no algebroid Lie bracket associated with the anchor [10]
(Theorem 2.3).

In the second example, we consider an almost Lie vector bundle E; that is not a skew
symmetric algebroid, but its derived almost Lie vector bundle E%l) is a Lie algebroid.

We proceed now with the first example. Let us consider the vector bundle Ey =
R" x My(R) — R" on the base manifold M = R", where M, (R) is the set of square

n-matrices with real entries. The anchor p on Ej is defined as follows. In every point

x=(x1,...x"),
: N2 9
1= (x) —.
o(x) = () 5 ©
It is easy to see that the image by p of the sections of Ey generates the whole tangent
space Tz R" for ¥ # 0 and {0} C TyR" forx =0 = (0,...,0). A section on Ej is in ker p if
it is an F(R")-combination of sections Xjj = (xf)2X,i( — (xi)zX]k, where 1 <i < jk<n.

20—
We notice that these % sections do not generate a (regular) vector sub-bundle of Ey.

Associated with the above anchor, we consider the bracket [, -] Eo defined on genera-
tors by

[X;’ XZ}E

and the linear Eyp-connection V on Ey defined on generators by

= 2x"6% X}, — 2x6, X!

0
VX],;lef = 2x"61 X},

It is easy to see that Xt xk ) = X)), p( X¥) |; thus, (Eg,p, -, - is a skew
y o(([xixi],,) = o () o (x0)] s, (B0 1)
symmetric algebroid.
The curvature of V is linear in all arguments and

N 2 2 .
Vg Xt = 20000 ( () %5 = (+)X0 ) = 2000 X

. . 2 .
where (i, j, k) = 8,6} and X, = (xl)2X’Z§ — (xk) Xk
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Since p <V Xinxk Xz‘,‘) = 0, then, using Corollary 1, it follows that the derived bundle
j

(E(()l), oW, [, ]g))) is a skew symmetric algebroid as well. Using Proposition 8, it follows
that the extended curvatures are F (R")-linear in their arguments.

Proposition 9. The Jacobiator of [, ], is

Ty (X, X, X8) = 207, ,1) Xigo + 20,0, K) Xt +2(1,0,1) Xos

Proof. We have
Teo (X0 x0) = %3 o], | [ ],
0

U i yk —
. + {XU, [X].,XZ}EO]EO _
[ X1, 2200 x5 — 2k sk x| bt |k, 2010, X0 — 2518 X5

k sk yzi i 5iyk —
+ | Xt xokx] —2xigjxt] =

0 0

2(j,u,1) (x1) X5 + 220} | X1, XE| - —2(j,0,k) (x) "X} + 22008 [ X0, X1 |+
0

0

2 .. 2 ., .
2(i,0,1) (x*) X1 + 2516} | XF, XﬂE = 2(,,1) () X3+ 2x0% | X, x;]E +
0
2(j, 0, k) (x)? X} +22k0K [ X8, X]] . —2(i,0,1) (x*)*XE + 2] [xg, Xﬂ =
0
2(j,u, 1) (x)* X + 2x5 (2xk5}x;; - 2xi5;;X]’f) _—2(j,ok) (x) XU+
0

2% (2181 X] — 2x16] X1 ) +2(i, 0,1) (x*) zx;f +2x16] (25 XK — 26k X ) -
2(j,u,1) (xk)zxg + 2581 (2xi0] XK — 26K85XT ) + 2(7, 0, ) () X+
20kgk (2078, X — 2061 X0) — 2(4,0,1) ()2 XK + 246 (Zxk(sggx;f - 2xM5;fX§§) -
2(j,u,1) ((xi)zxgg = (xk>2Xf,> +2(j,0,k) ((¢)°X] = () *X¥) +
2(i,0,1) <(xk)zx;l - (x”)zX]’-‘) = 2(j,,1) Xyio+2(j, 0, K) i +2(i, 0,1) Xe O
It follows that Ey is not a Lie algebroid.

Lemma 1. For E, both extended curvatures of V vanish.

Proof. We have

i kA xP)xH — u_ XU — Xy =
R(X]'/ XA Xq)Xv = VX]’,va‘/\X,;’XU VXMXQJVX}XU VVX;(X;(AX;)_VX;‘/\XL’;X}XU B
Vi2(6763) (xk)sz — (@)X ) = Voo (20005 )

xi2( 9% u u Xknxl j o
\Y%

2k XIAX] +XEN (22787 X5 ) Xo+ V((5;’5;)2((xk)zxff(xp)zxjf)) X =

a(opoy ) kot (x1)xt +2( gty ) (xk)zzxr’(sfxg; — 4(apay)xraf (x1) xb—

2 (5;'53) (x7)?22k 85 X)) — 22672 (5;5;) <(xk)zxfj - (xp)zxgg) -

2xkok2 (apon ) ()XY — (x)?xh) — 2x7]2 (o161 ((xk)zx; = (xi)ZX’;) +
+2(did} ) (xk)ZZx”(S}‘XZ’,’ —2( 80} ) (x) 278! X =

(1,1, 9)x0F ((x1)*XE — (x7)°X3) + (u, 1, ) P! ((xk)zx;; - (xi)2x§) -
)

We also have
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i k ~eP —
R(Xi A X, X) A XT) X8 = Vit Ve Xt~ Vg Vit X =

' p = i P2x7 — (v 2xP) ) —
VVX;AX}‘(X AXE)— Vil axt (X]’-/\X,k)XU VX]’.AXf Z(Mf‘%s)((x )X, — (x") Xv))

. N\ 2~k . k 2_. . .
ngAX; (2(M,],l)<(xl) XX (x) Xé)) v(z(p,j,l)((x")zng(xk)ZX@)/\X;Xg
) . Xl/l XM
Ve (20 ()5 (4)50)) X0 TV (2000 (X)X o
Vi alkas) (2 Ko = 200, 59) )’ xmka 2010,,8) (¥ Vg X0 -
. 2 2 N2
2(u,j, 1) (x") VX’?AXka—i-Z u,j,l (xk) X axg X —2(p,j, 1) (x") ngAng3+
’ 2 2o 2
2(p,],l)(xk) VX:',/\XS’XZ (r,7,1)(x Xp/\XkX +2(r, ],l)( ) ngAngzlf‘f‘
+2(i,q,s)(xp)2VX;/\X;{X§,‘ 2(i,q,s )(xr) Xp/\XkX +
2(k, ) (x7)* Vi X5 = 2k, q,s)(x’)2VX],_/\leXv =0,

where in the last step we have used the definition of V. [

i

Proposition 10. The derived almost Lie vector bundle E(()l) is a Lie algebroid.

Proof. Using Lemma 1 and Theorem 1, the conclusion follows. [J

We proceed now with the next example, where Theorem 1 can also be used also in the
case when E = E; is not a skew symmetric algebroid.

Consider M = R?"*+1 with coordinates {xi, yi, z} and the vector fields

i=1n
] ;0 J .
X, = @—yg,Yl—a—yi,z—l,n. (10)
Their Lie brackets are given by
0 ,
X, Y] = 8y, [, X)) = [¥, %] =0,i,j =T
Let E; be the vector bundle generated by {X;, Y; } - The anchor p; : E; — TR?**!
is the natural inclusion. The corresponding bracket [-, ] on E1 extends the following values

on generators:

(XY =[x X)) = [V, Y] =0,ij=1n

We consider also the linear Ej-connection V on E;, which extends the following values
on generators:

inYj = VXin = Vle] =0,i,j=1n

0
Notice that D' (X;, Y}) = [o1(X0),p1(Y))] = p1 ([X:¥]]') = [0, Y] = 852

(El, 01, [ ]') is not a skew symmetric algebroid and the curvature R is not F (R?"1)-
linear in all arguments.

thus,

Proposition 11. The derived almost Lie vector bundle Egl) is a Lie algebroid.

Proof. Let us denote by p” and [-,-]"” the anchor and the bracket on E” = E%l), respectively.
For this anchor, we have p”(X;) = X;, p"(Y;) = Y;, " (X; A X;) = 0" (YiAY}) =0,

0" (X; NYj) = 6jj=—. The corresponding bracket gives:

0
l]a

(X Y]" = XYy, (X0 X)) = XA X, [V Y]] = YinY, i j=Tn,
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and the other brackets that involve generators
{Xi,Yj,Xi/\Y]‘,Xi/\X]',Yi/\Y]'} (11)

vanish.

Considering D”(U, V) = [p"(U),p" (V)] — p”([U, V]”), (V)U,V € T(E"), one can

check on the generators (11) that D" = 0; thus, E” is a skew symmetric algebroid. Since both

_ M
=E
1

extended curvatures vanish on generators, by using Theorem 1, it follows that E” is

a Lie algebroid. O

5. Conclusions

A new construction providing Lie algebroids is considered in the paper.

Some relaxed conditions in the Lie algebroid definition give rise to other kinds of
structures. For a general almost Lie vector bundle, the Jacobiator can be non-null or
nonlinear. In this paper, we consider the derived almost Lie vector bundle EM ofa given
almost Lie vector bundle E, and we define two extended curvatures of a given linear
E-connection V with null torsion. We prove that if these two extended curvatures vanish,
then E(1) is a Lie algebroid. Two given examples show that the result can be applied not
only when E is a skew-symmetric algebroid, but also when E is not.

Author Contributions: Both authors contributed equally to this work. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declares no conflict of interest.

References

1. Fernandes, R.L. Lie algebroids, holonomy and characteristic classes. Adv. Math. 2002, 170, 119-179. [CrossRef]

2. Mackenzie, K. General Theory of Lie Groupoids and Lie Algebroids; Cambridge University Press: London, UK, 2005.

3. Marle, C.-M. Differential calculus on a Lie algebroid and Poisson manifolds. arXiv 2008, arXiv:0804.2451v2.

4. Pradines, J. Théorie de Lie pour les groupoides dif férentiables. Calcul différentiel dans la catégorie des groupoides infinitésimaux.
C. R. Acad. Sci. Paris 1967, 264, 245-248.

5. Grabowski, J. Brackets. Int. |. Geom. Methods Mod. Phys. 2013, 10, 1360001. [CrossRef]

6.  Balcerzak, B. Symmetric brackets induced by connections with totally skew-symmetric torsion on skew-symmetric algebroids.
arXiv 2020, arXiv:2001.07390.

7. Grabowski, J.; Khudaverdyan, D.; Poncin, N. The supergeometry of Loday algebroids. arXiv 2011, arXiv:1103.5852.

8.  Grabowski, J.; Jézwikowski, M. Pontryagin maximum principle on almost Lie algebroids. SIAM ]. Control Optim. 2011, 49,
1306-1357. [CrossRef]

9.  Grabowska, K.; Grabowski, J. Dirac algebroids in Lagrangian and Hamiltonian mechanics. J. Geom. Phys. 2011, 61, 2233-2253.
[CrossRef]

10. Popescu, M.; Popescu, P. Almost Lie algebroids and characteristic classes. SIGMA 2019, 15, 021. [CrossRef]

11.  Popescu, P. Poisson structures on almost complex Lie algebroids. Int. J. Geom. Methods Mod. Phys. 2014, 11, 1450069. [CrossRef]

12.  Popescu, P. Categories of modules with differentials. ]. Algebra 1996, 185, 50-73. [CrossRef]

13. Anastasiei, M. Banach Lie algebroids and Dirac structures. Balk. |. Geom. Appl. 2013, 18, 1-11.

14. Anastasiei, M.; Sandovici, A. Banach Dirac bundles. Int. . Geom. Methods Mod. Phys. 2013, 10, 1350033. [CrossRef]

15. Cabau, P; Pelletier, F. Almost Lie structures on an anchored Banach bundle. J. Geom. Phys. 2012, 62, 2147-2169. [CrossRef]

16. Vulcu, V.-A. Dirac Structures on Banach Lie Algebroids. An. Stiintifice Univ. Ovidius Constanta 2014, 22, 219-228. [CrossRef]

17.  Popescu, P. On the geometry of relative tangent spaces. Rev. Roum. Math. Pures Appl. 1992, 37, 727-733.

18. Popescu, P. Popescu M. Anchored vector bundles and Lie algebroids. Banach Cent. Publ. 2000, 54, 51-69. [CrossRef]

19. Popescu, P. Almost Lie structures, derivations and R-curvature on relative tangent spaces. Rev. Roum. Math. Pures Appl. 1992, 37,

779-789.


http://doi.org/10.1006/aima.2001.2070
http://dx.doi.org/10.1142/S0219887813600013
http://dx.doi.org/10.1137/090760246
http://dx.doi.org/10.1016/j.geomphys.2011.06.018
http://dx.doi.org/10.3842/SIGMA.2019.021
http://dx.doi.org/10.1142/S0219887814500698
http://dx.doi.org/10.1006/jabr.1996.0312
http://dx.doi.org/10.1142/S0219887813500333
http://dx.doi.org/10.1016/j.geomphys.2012.06.005
http://dx.doi.org/10.2478/auom-2014-0060
http://dx.doi.org/10.4064/bc54-0-5

Symmetry 2022, 14, 1375 11 of 11

20. Popescu, M.; Popescu, P. Geometric objects defined by almost Lie structures. Banach Cent. Publ. 2000, 54, 217-233. [CrossRef]
21. DaSilva, A.C.; Weinstein, A. Geometric Models for Noncommutative Algebras; AMS: Berkeley, CA, USA, 1999; Volume 10.


http://dx.doi.org/10.4064/bc54-0-12

	Introduction
	Almost Lie Vector Bundles and Skew Symmetric Algebroids
	The Derived Almost LIE Vector Bundle
	Some Examples
	Conclusions
	References

