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THE INFINITESIMAL COUNTERPART OF TANGENT
PRESYMPLECTIC GROUPOIDS OF HIGHER ORDER

P.M. KovorcHor WAMBA AND A. MBA

ABSTRACT. Let (G,w) be a presymplectic groupoid. In this paper we charac-
terize the infinitesimal counter part of the tangent presymplectic groupoid of
higher order, (TG, w(c>) where T" G is the tangent groupoid of higher order
and w(©) is the complete lift of higher order of presymplectic form w.

1. INTRODUCTION

We denote by LG the category of Lie groupoids and by LA the category of Lie
algebroids. For an objet G of LG over a manifold M, we denote the source and
target map by s, t: G — M, the multiplication m: G5y — G where G(y) is the
set of composable arrows. By 1: G — G and ¢: M — G we denote respectively
inversion map and unit section. There is a natural functor A: LG — LA which
maps each objet G € LG to the objet AG € LA, and every morphism of Lie
groupoids ¢: G; — G» is mapped to the Lie algebroid morphism Ay : AG; — AGo
(see [13]). It is called the Lie functor and preserves fibered product. A symplectic
groupoid is a pair (G,w), where G is a Lie groupoid over M and w is a symplectic
form on G such that:

(1.1) m*w = (pr1) w+ (pr2)* w

where pri, pra: G(2) — G are the natural projections. Such forms are usually called
multiplicative forms (see [2]). Given a symplectic groupoid (G, w), then there exists
an isomorphism of Lie algebroids (see [4])

o: AG = T*M

(1.2) u = (Tyw) |7Mm

where the Lie algebroid structure on 7% M is the one induced by the poisson bivector
m, on M such that the source map s is a Poisson map, and the target map t is
anti-Poisson. The 1-form (i,w) |7as is defined for any « € M and h, € T, M by:

(1.3) (iuw) (2) (hy) = w (2) (iac(u), Tee(ha))
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and iag: AG — TG is a canonical injection. The anchor map induced by m, is
given by:

(1.4) fr., = paco o'

where pag: AG — TM is the anchor map of the Lie algebroid AG. It follows
that the Poisson manifolds can be thought as the infinitesimal counterparts of
symplectic groupoids. The key point in the construction of 7, is the isomorphism
of vector bundles o: AG — T* M, which in turn comes from the fact that w is non
degenerate. However, if w € Q2 (G) is a closed multiplicative form not necessarily
symplectic the bundle map o: AG — T*M is not an isomorphism.

Let M be a smooth manifold, we consider the direct sum vector bundle TM &
T* M equipped with the nondegenerate symmetric pairing

(X©w,Y 8w, = 5((X,m)y +(V,0)y)

and the natural skew-symmetric pairing

(XbwYdw) = %(<X7W>M— (Yiw))

where the bracket (-,-),, : TM & T*M — R is the usual canonical duality pairing.
The space of sections I'(TM & T*M) = X (M) ® Q' (M) is endowed with the
Courant bracket

XPw,Ydw =[X,Y]® (Lxw —iydw) .

A Dirac structure on M (see [5]) is a sub-bundle L C TM @ T* M which is Lagran-
gian with respect to the non degenerate symmetric pairing (;), and involutive,
in the sense that: the space of smooth sections I'(L) is closed under the Courant
bracket. For example, a bivector field 7 on M induces a subbundle of TM @& T* M
given by L, = {#x(a) ® a,a € T*M}. It corresponds to a Dirac structure if and
only if [m, 7] gy = 0, where [-, ], is the Schouten bracket of multivector fields.

Let G be a Lie groupoid over a manifold M, we have the following result
established in [2].

Theorem 1. If w € Q% (G) is a multiplicative closed form, then the associated
bundle map o: AG — T*M satisfies the following conditions

(1) For any u, v € I'(AG),
(1.5) (pac @ (u),pag®o(v)), =0.
(2) For anyu, v € T (AG),
(1.6) o ([u,v]) = Lywyv = Lowyu —d ((pac ® o (u), pac © o (v))_) .
The bundle maps o: AG — T*M satisfying properties (1) and (2) in Theorem

g

are called the infinitesimal counterparts of closed multiplicative 2-forms (see [2],

[1D).
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Consider the bundle map o: AG — T*M associated to a presymplectic groupoid
(G,w), the set (pag @ o) (AG) C TM & T*M is not a bundle in general. It is a
bundle if the following conditions are satisfied (see [I]): for any « € G

{(i) dim G = 2dim M
(i) ker (Tys) Nker (T,t) Nker (w? (z)) = {0}

where W (z) : T,G — T}G is a vector bundle morphism induced by w (). In [6],
it has been proven that a presymplectic groupoid (G, w) satisfies (i) and (ii) if and
only if wf: T*G — TG is V B-Morita map. If (i) and (ii) are satisfied, then M
inherits a Dirac structure. More precisely, the bundle morphism

(1.7) pag®o: AG->TMaeT*M

is an embedding whose image is a Dirac structure on M. Moreover, the target
map t: (G,w) — (M, L) is a forward Dirac map. The bundle map establishes
an isomorphism of Lie algebroid between AG and the canonical Lie algebroid
determined by the Dirac structure L. Hence, Dirac manifolds may be thought of as
the infinitesimal data of presymplectic groupoids satisfying (i) and (ii) (for more
details see [2]).

Let M be an m-dimensional manifold. The tangent bundle of order r of M is the
m(r + 1)-dimensional manifold T"M of r-jets at 0 € R, of smooth map v: R — M.
We denote by 7%,: T"M — M the canonical projection defined by 7%, (j5v) = v(0).
Then T7M has a bundle structure over M. If r = 1, T'M = TM is the tangent
bundle of M. However, if r > 2, 7w}, : T"M — M is not a vector bundle (for more
details see []). In the sequel, we adopt the notations of [I4] and for the coordinates
system (U, xz) in M, the local coordinates system of T" M over T"U is such that,
the coordinate functions (a:ﬁ/) withi=1,...,m and vy =0,...,r are given by:

(18) { (759) = 2" (4.(0))

(789) = 5+ e (@70 9) (t) 10 -
For the measure of convenience, the coordinate function z, is denoted by x?. The
differential geometry of the tangent bundles of higher order has been extensively
studied by many authors, see for instance the papers [3], [9], [10], [LI] and [I7]. Tt
plays an essential role in theoretical physics namely, the Lagrangian and Hamiltonian
formulations of some dynamical systems of higher order (see [I7]). The tangent
lift of higher order of Dirac structures have been studied in [I0] and some of its
properties are given. This lifting generalizes the tangent lift of higher order of
Poisson structures and symplectic structures (see [10]). The particular cases of
symplectic groupoids is not studied and some properties induced by this lifting
are not established. Therefore, in this paper we study the tangent lifts of higher
order of multiplicative 2-forms on a Lie groupoid and we establish some of their
properties. In particular, we describe the infinitesimal counterpart of this lifting.
So, the main results of this paper are Theorems [3] [4] [B] and Corollaries A
Given a presymplectic groupoid (G, w) verifying the assertions (i) and (ii), we prove
that (T"“G, w(c)) is a presymplectic groupoid verifying (i), (ii) and we characterize
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the Dirac structure induced by this lifting on T"M, where T"G is a tangent Lie
groupoid of order r over 7" M obtained by applying the tangent functor of order r
to each of the structure maps defining G (source, target, multiplication, inversion
and identity section).

In this paper, all manifolds and mappings are assumed to be differentiable of
class C>°. We shall fix a natural integer r > 1.

2. PRELIMINARIES

2.1. The canonical isomorphism A (T"G) = T" (AG). For each manifold M,
there is a canonical diffeomorphism (see [3])
(2.1) Ky T"TM — TT"M
which is an isomorphism of vector bundles
T (mpg) : T"TM - T"M and 7y TT"M — T"M
such that T (n%;) o k%, = 75, Let (2',...,2™) be a local coordinate system of
M, we introduce the coordinates (z%,#%) in TM, (w’,w’,w’ﬁ,xlﬁ) in T"TM and
(mi,x%, &, 5}3) in TT" M. We have
Ky (w’,x’,x,’@,x%) = (:Bi,x,"@,gbi,%%)

with & = i

Consider now a Lie groupoid G over M with Lie algebroid AG. The vector
bundle isomorphism x¢ : T"T'G — TT"G restricted to AG induces an isomorphism
of vector bundles

(2.2) J&: TT (AG) — A(T"G) .
More precisely, we have the following commutative diagram (see [9])
(2.3) T7(AG) L5 A(T7G)
TT(iAG)l/ \LiA(TTG)
TG — TT"G

where ig¢: AG — TG is a canonical injection.

Let (E, [+, -], p) be a Lie algebroid over M, it exists one and only one Lie algebroid
structure on T" E, of anchor map p(") = K’y o T"p such that, for any u,v € T'(E)
we have:

(2.4) [T (w), T"(v)] = TT( [u, v] ) .

It is called tangent lift of higher order of Lie algebroid E (see [II]). It follows that,
the map

J&: TN (AG) — A(T"Q)
is an isomorphism of Lie algebroids, where the Lie algebroid on 77" (AG) is the
tangent lift of order r of Lie algebroid AG.
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2.2. The canonical isomorphism A (T*G) = T* (AG). Let (E, M, ) be a vec-
tor bundle, we denote by (:L'i, yj) an adapted coordinate system of E, it induces the
local coordinates (xi,wj) in B*, (2°,y7,p;,¢;) in T*E and (2%, 7, p;, &) in T*E*.
It is defined in [I3], the natural submersion rg: T*E — E* such that locally
TE (:L'iayj7pi7 C]) = ('ri’ Cj)
and the Legendre type map
Rp: T*E* - T*FE

which is an anti-symplectomorphism with respect to the canonical symplectic
structures on T* E* and T*E respectively, and locally defined by:

RE (xivﬂjapi7§j> = (xivyja _p7,7<]) ) with {

We suppose that the vector bundle E — M carries a Lie algebroid structure, so
there is a linear Poisson structure m on E*. Since any Poisson structure on a
manifold defines a Lie algebroid structure on its cotangent bundle (see [16]), we
obtain a Lie algebroid structure on T* E* with the anchor map

fre: T"E* - TE".

By the Legendre map Rpg, we carry the Lie algebroid of T*E* on T*E. The Lie
algebroid T*E — E* is called cotangent algebroid of E.

Let G be a Lie groupoid over M, we know that T*G is a Lie groupoid over A*G
(see [13]). The source and target maps are defined respectively by:

8" (7g) (u) =g (TLg (u—"Tt(u)) ) and t* (d4) (v) =4y (TRQ (v) )

where v, € TG, u € Ay,)G and §; € T, G, v € Ay,)G. The multiplication on
T*@ is defined by:

(Bg @ vn) (Xg « Xn) = Bg (Xg) + v (Xn)
for (X4, Xp) € Tg,n)G(2)- As the natural pairing () : TG @ T*G — R is a
groupoid morphism and applying the Lie functor, we obtain an isomorphism
sg: A(TG)" — A(T*G). On the other hand, for any manifold M, there is a
canonical diffeomorphism (see [3])
ahy: T*T"M — T"T* M
which is an isomorphism of vector bundles
Tpepg: TXT"M — T"M  and T7 (ny) : T"T"M — T"M
dual of %, with respect to pairings (-, )y = 7 0 T7 ({-,)ar) and (-, -)pras, i.e.
for any (u,u*) € T"TM & T*T"M,

(2.5) (K (w) ,u*) = (uyaly (u¥) >IT,,W[ )



140 P.M. KOUOTCHOP WAMBA AND A. MBA

Let (xl, . ,:cm) be a local coordinates system of M, we introduce the coordinates
(z%,pj) in T*M, (mﬂmm%,p?) in T"T*M and (mi,x%,wj,ﬂ'-g) in T*T"M. We
have:

. A o . p; =T
oy (xl,wj,xzﬂ,wf) = (ml,xlﬁ,pj,p?) with {pjﬁ B 7:,._5
Jg "

By €}, we denote the map (a}w)fl and it is called natural isomorphism of Tulczyjew
over M.

Remark 1. Let G be a Lie groupoid. In the particular case r = 1, the natural
isomorphism of Tulczyjew, ¢, establishes a canonical isomorphism of Lie algebroids
between the Lie algebroid of cotangent groupoid A (T*G) and the cotangent
algebroid of A(G) (see [12]).

2.3. Tangent lifts of higher order of presymplectic manifolds. In this sec-
tion we recall briefly the main results of A. Morimoto [I4], about the complete lifts
of differential forms to the tangent bundle of higher order. These result will be
used in the sequel.

2.3.1. Prolongations of functions. For each s € {0,...,r}, we denote by 74 the
linear form on JJ (R, R) defined by:
o 1 d° o
7s(Jov) = =B %(V(fmt:oa where v € C*(R,R).

Let M be a smooth manifold of dimension m > 0. For g € C*°(M) and
s €{0,...,r}, we set: ¢®) = 7,0T"g. The smooth map ¢®) is called s-prolongation
of g, and, more explicitly, it is given by:

S =T 1 ds g © oo
0 G = = TYO )y o e M)
Remark 2.
(i) By this expression, it follows that 2} = (xi)(ﬁ) on T7U where (z,...,z™)
are coordinates on some open subset U C M, 8 € {0,--- ,r}.

(ii) The mapping
C® (M) — C®(T"M)
g g
is R-linear.
2.3.2. Prolongations of vector fields. Let (E, M, ) be a vector bundle, consider
the vector bundle morphism X%I) : T"E — T"E defined by:
X (i50) = G (1)
where U € C* (R, E) and t*¥ is the smooth map defined for any ¢t € R by:
() (1) = t*U(t).
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Let X be a vector field on a manifold M, we define the a-prolongation of X

denoted X (@) by:
X(@) — Ky oxg?]\b oT"X .

When « = 0, it is called complete lift of X to 7" M and is denoted by X(©). We
put X =0 for o > r or o < 0.

If (U, xz) is a local coordinates system of M such that
0]
Ozt

X =X

then we have:

0
5‘:516

X(a) _ (Xz) (B—a)

Proposition 1.
(i) For X e X (M), f € C®°(M) and o, € {0,...,7r}, we have:
X () = (x(£) 7.
(ii) For X, Y € X (M) and o, B €{0,...,7}, we have:
{X(a)7y(ﬁ)} _ X, Y]
(iii) The set {XB X € X (M), B=0,...,r} generates the C* (I" M )-module
X (T"M).
Proof. See [7]. O

2.3.3. Prolongations of differential forms. Let w € Q% (M) and 8 € {0,...,r}. We
have the following result establishes in [I4].

Proposition 2. It exists on T"M one and only one differential form of degree k
denoted by w®) verifying:

(2.6) W (X XPY = (w (X, X)) PO
Forall Xy,..., X € X (M) and B4,...,0 € {0,--- ,r}.

The differential form w(®) is called 3-prolongation of w from M to T"M. When
B =r,w? is called complete lift of w on T"M and it is denoted by w(©).
Remark 3.
(1) In local coordinates, if w = w;, 4, dx™ A--- A dx', then
W = Z (wil...ik)(a) dxgl A A d:ngck )
Bt +Prta=p
(2) For any w € Q! (M), we have the following equality:

w® =gt oY o T w.



142 P.M. KOUOTCHOP WAMBA AND A. MBA

Proposition 3.
(1) For any B < r, the map w — w'® from QF (M) to QF (T" M) is R-linear.
(2) For any X € X (M) and o, 3 < r we have:

(2.7) ix@w® = (ixw)?=)
(2.8) d(w?) = (@)®
(2.9) Lx@w? = (Lxw)P

(3) For f € C®(M,N) and w € QF (N), we have:
(2.10) (T7f)* w(ﬁ) = (f*w)(ﬁ)
Proof. For (1) and the equalities (2.7), (2.8) and (2.9) see [7]. We prove the equality
[2-10). Let (U, z%) and (V;y7) local charts of M and N such that f(U) C V. The
local expression of T" f is given by T" f(x!, ¢ ) = (fp(xi), ;ﬁ)(xi, :vla))

As w =@, i, dy"t A -+ Ady'*, then w®) = Z (wil___ik)(’”dygl Ao A

' Brt-+B+y=p
dyg: . We have

(1) & = ((@i,.0,)" oTrf) (g, oT"f) A+ Nd(yg, o T"f)
= (@iriy © )V AP A na(£)
= (@i 0 £)7 (@dfi) P A A (dfi,)
So, (I"f)" @ = (f*@)\?). O

Remark 4. The equation (2.8) shows that if w is closed then w(®) is also closed.
In particular, for k = 2, the complete lift w(¢) is such that,

(w(c))ﬁ =gy od” (wﬁ) o (khy) .
In particular, if w is non degenerate, then w(® is also non degenerate.

Corollary 1. If (M,w) is a symplectic manifold, then (T"M,w(®)) is also sym-
plectic manifold.

2.3.4. Complete lift of tensor fields of type (0,p). Let (E, M, m) be a vector bundle
and ¢ a tensor field of type (0,p) on E. We interpret a tensor ¢ on E as a p-linear
mapping ¢: E X7 -+ Xy E — R on the fibered product over M of p-copies of E.
Put,
P9 =0T,

7 is a tensor field of type (0,p) on the vector bundle (T”FE — T" M), called
a-complete lift of ¢ from E to T"E (see [7]). On the other hand, given s: M — F
a smooth section of E, it is defined (see [7]) the section 5(*) of (IT"E — T" M) by:

E(a):x%&)OT’“(s), 0<a<r.
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It is called a-prolongation of order r of s. For the sake of convenience we put
5@ =0 for a < 0 or a > r. We have the following result established in [I0].

Proposition 4.
(i) Theset {3, s € T(E), 0 < a <r} generates the C= (" M)-module T (T"E).

(ii) @ is the only tensor field of type (0,p) on T"E satisfying:

(T*zp:ai)
@(@(ggal),...,?}g&p)) = (gp(sh...,sp)) i=1

forall s1,...,8p, €T(E) and 0 < aq,...,0p < 7.

3. HIGHER ORDER TANGENT LIFTS OF TWISTED DIRAC STRUCTURES

As observed, for instance, in [2], one can use a closed 3-form ¢ on M to modify
the standard Courant bracket as follows:

(3.1) XowYow,=[XY]e(Lxw—ivdw+ixsye) .

It is called the ¢-twisted Courant-bracket on X (M) @ Q' (M).

An almost Dirac structure on a manifold M is a subbundle L of vector bundle
TM@T™ M which is maximally isotropic under the symmetric pairing (-, -) . If " (L)
is closed under the bracket (3.1), adopting the definitions introduced in [2], [15], we
will say that, the almost Dirac structure L is integrable or L is a ¢-twisted-Dirac
structure on M. It is denoted by (M, L, ¢) and we prefer to write L = Ly. In the
particular case where ¢ = 0, we obtain the integrability condition defined in [5].
The integrability of a twisted-Dirac structure (M, L) is also measured by the
Courant 3-tensor Ty defined by:

Ty (e1,€2,€3) = ( [61762]¢763>+-

In fact, an almost Dirac structure L C TM & T*M defines a ¢-twisted Dirac
structure on M if and only if the Courant tensor T vanishes.

Example 1. Let w be a 2-form on a manifold M. The vector bundle L, defined
by the graph of the map w#: TM — T*M defines a ¢-twisted Dirac structure if
and only if

dw+¢=0.

In this case we say that w is closed with respect to ¢.

Example 2. Let 7 € X? (M), the vector bundle L, defined by the graph of the
anchor map f,: T*M — TM defines a ¢-twisted Dirac structure if and only if

Lml = (N te) ()

where /\3 - denotes the extension of the bundle map #,: T*M — TM to higher
exterior powers.
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Remark 5. Given a ¢-twisted Dirac structure Ly on a manifold M, the vector
bundle Ly — M inherits a canonical Lie algebroid structure with anchor map
given by the restriction of the canonical projection pry |1, : Ly — T'M, and the Lie
bracket on the sections of Ly is defined by the restriction of the ¢-twisted Courant
bracket. Since every Lie algebroid defines a singular foliation on its base manifold,
(see [5]) it follows that L4 defines a singular foliation on M. Additionally, on each
leaf of M igs: S «— M there is a 2-form Qg such that:
dQs +isp=0

where for any = € S, ug, v, € TS = (Ly),,, we have

Qs (2) (1, 02) = (1, 02)_ -

So, the 2-forms Qs are closed up to i5¢ and we say that {2s is presymplectic
relative to ig¢. In this way we obtain the singular presymplectic foliation related

to ¢.

Let ¢ be a closed 3-form on M and (M, L) an almost Dirac structure. We put:
(3.2) T'Ly = (ki @chy) (T"Ly) € TT"M & T*T™ M
T"Lg is an almost Dirac structure on 7" M (see for instance [10]). On the other
hand, for any e € T'(Ly), we denote by & the a-lift of e from Lg to T Ly. We
have:

Khy @ el (8Y) €T (T7Ly) .
We put el®) = Ky @ ey (é(o‘)). In particular, if e = X @ w, then we have (see [10]):
el = x(@) g, (r—a)

The set {e(®),e € I'(Ly),0 < a < r} generates the C>(M)-module T' (7" Ly).

Lemma 1. For any ey, ez € I' (Ly) we have:

(3.3) <e§a),egﬁ)>+ = (<e1,62>+)(T_a_6)
(3.4) <e§a),eé’6)>_ = (<€1,62>_)(T_a_ﬁ) )
Proof. By calculation. O

Lemma 2. Forej,es € I'(Ly), we have:

« a+
(35) [eg )7eég):|¢(c) = [61762]25 7 .
Proof. We put e; = X1 ® wq, ea = Xo ® wy, we have:

[ega)a egﬁ)] ¢(c) = [Xia) @ wY_a)7 XQ(ﬂ) EB wér_ﬁ)] ¢(c)

_ [Xf“),Xém] ® ((£X1w2)(r—a—ﬂ) _ (Z-Xdel)(r—a—ﬂ)
+(ix,0x,0) ")
= [Xy, Xz](aﬂa) & (Lx w2 — ix,dwi + in/\ngb)(T_a_ﬂ)

= [61762](a+ﬂ) .
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O

Let Ly be an almost ¢-twisted Dirac structure on M. We denote by Ty the
Courant tensor of the almost Dirac structure 77 Ly.

Theorem 2. We have:
3

(3.6) E(c) =Ty o {@ (K @57\/{)} :

Proof. Let ey, ea, e3 € I' (Ly), we have:
3
Ty 0 {@ (K @ 57\/[)} (Ega),é(zﬂ),ééﬂ) =Ty (Gga), eéﬁ), eg”)

= < [ega), egﬁ)] P(e)? e§’>7)>+ = < [61, 62]((;&,8) ’ eé7)>+

_ (< le1, 62]¢ 7 63>+)(7’70¢75) _ E(C) (é(l"),ééﬁ),éé”)) _

Thus, T, = Ty 0 [@° (1, @ 5,)]. O
For the tangent lift of Lie algebroid see [11].

Proposition 5. Let Ly be an integrable ¢-twisted Dirac structure on M. The
tangent Lift of higher order of Lie algebroid (L¢, [, -]¢ , Py ) is isomorphic to the
Lie algebroid (T" Ly, [-, Jp ,pry ) over T"M.
Proof. Follows by the equation . It is such that,

Ky ®ey: T"Ly — T Ly
is an isomorphism of Lie algebroids. ]

For the tangent lifts of higher order of singular foliations and their properties,
see [I1]. Using these results, we have:

Proposition 6. Let Ly be an integrable Dirac structure, §4 the generalized foliation
induced by Ly and S a leaf of §¢.

(1) The singular foliation induced by T"Ly is the tangent lift of order v of the
generalized foliation §g.

(2) If Qs is the presymplectic form on S relative to i%¢ then, QESC) is the presym-
plectic form on the leaf T™S relative to i*TTS(b(C).

Proof. Let X, Y € pry (I'(Ly)) tangent to S such that X @ w, Y & w € ' (Ly).
We have:

Qs (X, YD) = =) (y ()
= ()
_ (QS (X, Y) )(7'—<x—5)
= Q) (X, y @),
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It follows that, Qprg = Qfgc). The equality d (Qprs) + i;,.sqﬁ(c) = 0 is a now
consequence of Lemma 0

4. THE MAIN RESULTS

Let G be a Lie groupoid over a manifold M equipped with closed multiplicative
2-form w.

Theorem 3. The pair (TTG,w(C)) is a presymplectic groupoid.

Proof. T"m: (TTG)(Q) — T" M is the partial multiplication map. We have:

— ((pry)*w + (pra)"w) "

= (T" pry)" W' + (T" pry)” '
= priw'® + priw®
where pry, pry: (TTG)(Q) — T"G are the natural projections. O

We denote by o,.: A(T"G) — T*T" M the infinitesimal counterpart of the closed
multiplicative 2-form induced by the presymplectic groupoid (TTG7w(C)).

Theorem 4. We have:
(4.1) or=ch 0T (o) o (J5) .

Proof. As J.: T" (AG) — A(T"Q) is an isomorphism of Lie algebroids and Jj
is the restriction of ki, : T"TG — TT"G to T" (AG), then for any u € T' (AG)

ul®) = J (@) e T(AT7G)).
For any u € I'(AG) and a € {0,1,...,r} we have:
o, (u(a)) = iy w'®
= (fqw)" ™.
In the same way,
ehi 0T () o (J&) ™ (ul®) = e 0 T (0) o X 0 T
=€y 0 Xg"oi)M oT" (o ou)
= ehpoxiy o T (iyo)
= (i,0)" ™) .

Since I' (A (T"G)) is generated by the set {u(®,u € I' (AG),a < r}, then £}, o
T (o) o (J5) " = o, 0
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Corollary 2. Let (G,w) be a symplectic groupoid and 7, the Poisson tensor on
M induced by w. We have:

(42) Tle) = (ﬂ-w)(C) )

)(C)

where (m, is the complete lift of the Poisson tensor m,,.

Proof. The anchor map of Poisson tensor 7 is such that (see [I1])

(43) ﬁ‘n’w(c) = pA(TTG) © 0-7‘_1
The anchor map of Lie algebroid T" (AG) is given by: pEZ)G =k 0T (pag). It
follows that:

pacrrc) = ka0 T  (pac) o (JG) "

hence,
fr o = a0 T (pac)o (JG) ooy
=k oT" (pagoo™ )oaﬁ/f
— Ky o T (§.) 0 oy
Therefore i, . =1 (o, i.e. Ty = (7o )(C) O

Example 3. Let G be a Lie group, it is a Lie groupoid over a point. We denote
by g the Lie algebra of G, T*G is a Lie groupoid over g*. Equipping 7*G with
the canonical symplectic form wg, it becomes a symplectic groupoid and the
corresponding Poisson structure on g* is the standard linear Poisson structure. So,
(T’”T *G, wg)) is a symplectic groupoid. We denote by (e;) the canonical basis of g
and ( ) its dual basis. By ( ) we denote the basis of T"g obtained by prolongation
and by (eﬂ l) its dual basis. We denote by ( ) the basis of T"g* obtained by
prolongation. As the Poisson bracket on g* is given by:

{e' e} = c” ek
We deduce that, the Poisson bracket on T"g* is given by:
{e .0 e] 'y} — c”ek Bty—r

Consider the vector space isomorphism Ig-: (T7g)" — T"g* defined in [9]. It is
such that /- (eﬁ’i) = ¢~ B 50 the linear Poisson structure on (77g)" is such that
the canonical isomorphism Iy~ is a Poisson map. This linear Poisson structure

n (T"g)" is induced by the tangent Lie algebra T"g of order r. In the same way,
o T*T"G — T"T*G is an isomorphism of Lie groupoids over the map Iy~ and
(al)” (wg)) = wrrg, it follows that ag, is an isomorphism of symplectic groupoids
between (T*T"G,wrr¢) and (TTT*G,w(GC)).

Let (G,w) be a presymplectic groupoid such that:

(4.4) dim G = 2dim M
) ker (T's) Nker (Tt) Nker(w®) =0

where w': TG — T*G is a vector bundle morphism induced by w.



148 P.M. KOUOTCHOP WAMBA AND A. MBA

Theorem 5. Let (G,w) be a presymplectic groupoid satisfying the equation (4.4)),
we have:

(4.5) ker (T'(T"s) ) Nker (T (T"t) ) Nker (( ) ) = {o0}.

Proof. s, t: G — M are source and target maps of G. Let u € TT"G such that
u € ker (T'(T"s) ) Nker (T(T7t) ) Nker ((w(9)).

There is smooth map v : R x R — G such that v = d% 36y (-s7)) |r=0- As

(5™ () = 35 (4 (1 (7)) oo )

and ey, is an isomorphism of vector bundles, it follows that:

- d
i (5 ) = ) ) =0
On the other hand,
d .
TT"s (u) = E(TTS(JOW’("T))) l7=0

= L (G5 (s0m) (7)) lrmo

=5 (S ((509) (7)) 0 )

In the same way, we have

Tt () = i (= (40 2) (7)) |0 )

Thus, we have:

f(w”(i ) b= 0)) -

0 dT

Let (ac’), (xi,gj) be a local coordinates systems of M and G. For any a < r, we
have:

d @ Tl AT
%(ma ol t(]o’y(~,7'))) lr=0 =0

d i is -7
E(xa o T"s(jgv(-,7))) lr=0 =0

L gh o T @A G5 7) oo =0
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Therefore,
d d*
E(?(w Ot07(7’2)>) lr=2=0 =0
d ;d*
E(dzia(l‘loso"y(ﬂz))) lr—2e0 =0
d ;d*
dr 7(9 Owﬁo’Y(Tvz))) lr=2=0 =0
So for any a # 0,
> s d
(@ oton(7,2) lrmsmo =0
d* /d
py (d (:L' osoy(r, z))) lr=zz0 =0

d* s d
dZa (dT (g ow O’Y(TaZ») |T:z:0 =0.

As

d ) d ) d ;
(@t otoq (1) lmo= - (#h 0507 (7.9) lrmo= — (g 0w 07 (7.9) o= 0.
Therefore, for any 0 < a < r,

d/d* , d d* ,
E(dz—a(x o (T, Z)) |=0 ) lr=0= E(@(Q o (T, Z)) |2=0 ) lr=0=0.
More exactly
d s d i/
% (Z‘a(]O'Y(T7 ))) |T:0: E (ga(jO’Y(T’ ))) |T:0: 0.
It follows that v = 0. O

Theorem 6. Let (G,w) be a presymplectic groupoid satisfying the equation (4.4)
and L the Dirac structure on M induced by G. The Dirac structure induced by the
presymplectic groupoid (T’"G,w(c)) is the Dirac structure 7" L.

Proof. The Dirac structure L C TM @ T*M induced by (G,w) is such that:
L= (pac @ o) (AG) .
The Dirac structure induced by (TTG,w(“)) is given by:
L" = (pa(rra) © UT)(A(TTG))

we have:
= [Khy o T" (pac) o (J&) ] @ [hy o T7 (o) 0 (J&) ' ] (A(T7G))
= (ki @) (T" (pac @©0) ) (T7 (AG))
= (K @ ely) (T ((pag @ 0) (AG)))
=T'L
So, T"L =1L". O
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Remark 6. We have seen that every Lie groupoid G equipped with a closed
multiplicative 2-form w verifying induces a natural Dirac structure L such
that there is an isomorphism between Lie algebroid A(G) and the canonical
Lie algebroid determined by L. Hence, Dirac manifolds may be thought as the
infinitesimal version of presymplectic groupoid. We say that (G,w) is an integration
of L (see [1], [2], [15]).

Let L be a Dirac structure on M, whose associated Lie algebroid is integrable.
Let G be the source simply connected Lie groupoid integrating L, then there is a
unique closed multiplicative 2-form w on G verifying such that (G,w) is an
integration of L (see [2]). As consequence, the presymplectic groupoid (TTG, w(c))
is an integration of the Dirac structure 7" L.

The infinitesimal counterpart of tangent lifts of higher order of symplectic
groupoid (G, w) verifying is a tangent lifts of higher order of Dirac structure
induced by (G,w). Let ¢ be a closed 3-form on M, a ¢-twisted presymplectic
groupoid over M is a pair (G,w) where G is a Lie groupoid over M and w is a
multiplicative 2-form on G satisfying:

(1) dw =s*¢p —t*¢
(2) dimG =2dim M
(3) For each = € G, the following condition holds
ker (T,s) Nker (Tyt) Nker (w? (z)) = {0}.

It induces a bundle map o4: AG — T'M called infinitesimal multiplicative 2-form.
Using the condition (2) and (3), it follows that the image L, of the bundle morphism
pag ®oy: AG—=TM @T*M

is a ¢- twisted Dirac structure on M.

Corollary 3. Let (G,w) be a ¢-twisted presymplectic groupoid, the pair (TTG, w(c))
is also a ¢\ -twisted presymplectic groupoid and the IM-2-form T4ce) induced by
(T’”G,w(c)) is given by:

(4.6) Tper = g0 T (a4) 0 (J&) "

Corollary 4. The ¢\© -twisted Dirac structure on T" M induced by the ¢{°) -twisted
presymplectic groupoid (TTG,w(C)) is the tangent lift of order r of the ¢-twisted
Dirac structure induced by the ¢-twisted presymplectic groupoid (G,w).
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