ON LA-COURANT ALGEBROIDS AND POISSON LIE
2-ALGEBROIDS.

M. JOTZ LEAN

ABSTRACT. This paper reformulates Li-Bland’s definition for LA-Courant al-
gebroids, or Poisson Lie 2-algebroids, in terms of split Lie 2-algebroids and
self-dual 2-representations. This definition generalises in a precise sense the
characterisation of (decomposed) double Lie algebroids via matched pairs of
2-representations. We use the known geometric examples of LA-Courant alge-
broids in order to provide new examples of Poisson Lie 2-algebroids, and we
explain in this general context Roytenberg’s equivalence of Courant algebroids
with symplectic Lie 2-algebroids.

We study further the core of an LA-Courant algebroid and we prove that
it carries an induced degenerate Courant algebroid structure. In the nonde-
generate case, this gives a new construction of a Courant algebroid from the
corresponding symplectic Lie 2-algebroid. Finally we completely characterise
VB-Dirac and LA-Dirac structures via simpler objects, that we compare to
Li-Bland’s pseudo-Dirac structures.
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1. INTRODUCTION

In the early nineties Courant algebroids appeared in Poisson geometry as a
convenient framework for the study of constrained Hamiltonian systems [I]. They
are now also at the base of the definition of generalised complex geometry [T}, [6]. The
graded geometric description of Courant algebroids as symplectic Lie 2-algebroids
are due to Roytenberg [25] and Severa [26]. This description is the key to the
attempts made so far to find the global geometric objects ‘integrating’ Courant
algebroids (see e.g. [22] 21} 27, [16] 29]). Our goal in [10, 12] and this paper is to
explain Roytenberg and Severa’s description from the more general point of view
of VB-Courant algebroids versus Lie 2-algebroids. We show that the symplectic
structure of the symplectic Lie 2-algebroid that corresponds to a Courant algebroid
could rather be understood as a structure of tangent space, just like the canonical
symplectic structure on a cotangent bundle T* M is just the dual Poisson structure to
the standard tangent Lie algebroid T'M — M, which happens to be nondegenerate.
In order to do that, our main goal here is to understand in detail the equivalence
between Poisson Lie 2-algebroids and LA-Courant algebroids [14].

This paper surveys the author’s recent equivalences of graded manifolds of degree
2 with metric double vector bundles [10] (see also [2]), of self-dual 2-representations
with decomposed metric VB-algebroids [10] (using [B]), and of split Lie 2-algebroids
with decomposed VB-Courant algebroids [12], [I4]. We combine all those results
to provide an alternative definition for Li-Bland’s LA-Courant algebroids, which
are equivalent to Poisson Lie 2-algebroids [14]; i.e. Lie 2-algebroids endowed with a
Poisson structure of degree —2 that makes the homological vector field a Poisson
vector field.

We prove on the one hand that a split Poisson Lie 2-algebroid is equivalent to
the matched pair of a self-dual 2-representation with a split Lie 2-algebroid. Here,
the self-dual 2-representation is the one that is equivalent to the Poisson structure
of degree —2.

On the other hand, given a Poisson Lie 2-algebroid, a splitting of the underlying
[2]-manifold is equivalent to a decomposition of the corresponding metric double
vector bundle [I0]. The underlying split Lie 2-algebroid is then equivalent to a
VB-Courant algebroid structure in this decomposition [I2] and the underlying split
Poisson structure of degree —2 is equivalent to the decomposition of a (metric)
VB-algebroid structure on the other side of the metric double vector bundle [10].
The compatibility of the graded Poisson structure and the Lie 2-algebroid structure
is equivalent to the VB-Courant algebroid and the metric VB-algebroid defining
together an LA-Courant algebroid (short for Lie algebroid Courant algebroid) [14].
Hence, since LA-Courant algebroids are equivalent to Poisson Lie 2-algebroids [14],
we find that a metric double vector bundle with a VB-Courant algebroid structure
and a metric VB-algebroid structure define together an LA-Courant algebroid if
and only if, in any decomposition, the induced split Lie 2-algebroid and the induced
self-dual 2-representation build a matched pair.

The original definition of an LA-Courant algebroid in [I4] is inspired from and
as technical as Mackenzie’s first definition of a double Lie algebroid [20]. In short,
a VB-Courant algebroid with a linear Lie algebroid on its other side is an LA-
Courant algebroid if a relation defined by the Lie algebroid structure in the tangent
prolongation of the VB-Courant algebroid — the underlying geometric structure
is a triple vector bundle — is a Dirac structure in this tangent prolongation. In
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an earlier version of this work [§], we deduced from this definition our equations
in the definition of the matched pair of a split Lie 2-algebroid with a self-dual
2-representation. Then we found easily that those equations were also equivalent to
the homological vector field defining the Lie 2-algebroid to be a Poisson vector field.

However, working out the equations directly from Li-Bland’s LA-Courant al-
gebroid condition is very long and technical (see the Appendix B of [§]). In this
paper, we prefer therefore using Li-Bland’s equivalence [I4] in order to prove our
characterisation of an LA-Courant algebroid via the matched pair. We complement
therefore, with explicit equations, Li-Bland’s definition of LA-Courant algebroids.
We explain again along the way the parallels between the theory of Lie algebroids,
double Lie algebroids and 2-representations on the one hand, and Courant alge-
broids, LA-Courant algebroids and Lie 2-algebroids on the other hand. We find
in particular that a matched pair of 2-representations [4] not only defines a split
Lie 2-algebroid [12], but also a split Poisson Lie 2-algebroid — this is in general a
different construction. Note here that the five equations that we find show that in
the chosen splitting of the underlying Lie 2-algebroid, the Poisson structure defines
a morphism from the coadjoint to the adjoint representation up to homotopy of the
Lie 2-algebroid [13].

We prove further that the core of an LA-Courant algebroid has an induced
degenerate Courant algebroid structure — just like the core of a double Lie algebroid
has an induced Lie algebroid structure [20, 4]. This allows us to find a new
constructive manner to define the Courant algebroid corresponding to a given
symplectic Lie 2-algebroid [25].

Finally, we study VB- and LA-Dirac structures in VB- and LA-Courant algebroids,
and in particular, we prove that LA-Dirac structures are double Lie algebroids. More
precisely, any double Lie algebroid can be understood as an LA-Dirac structure
in an appropriate LA-Courant algebroid; just like any Lie algebroid can be seen
as a Dirac structure in the induced Courant algebroid. This shows that the seven
equations defining a matched pair of 2-representations [4] can in fact be deduced
from the 5 equations defining the matched pair of a split Lie 2-algebroid with a
self-dual 2-representation. For completeness, we explain as well how Li-Bland’s
pseudo-Dirac structures [15] fit in our description of LA-Dirac structures in the
tangent prolongation of a Courant algebroid. Finally, we show how a special Manin
pair is associated to any LA-Dirac structure; the study of the geometric meaning of
this Manin pair will be the subject of future investigations by the author.

Outline of the paper. In Section[2] we recall some general notions and conventions
around dull brackets, Dorfman connections, Courant algebroids, graded manifolds
and double Lie algebroids. In Section we recall the equivalence of metric
double vector bundles with [2]-manifolds, of metric VB-algebroids with Poisson
[2]-manifolds and with self-dual 2-representations when decomposed. We recall
also the equivalence of decompositions of VB-Courant algebroids with split Lie
2-algebroids. In Section [3] we give the definition of the matched pair of a split Lie
2-algebroid with a self-dual 2-representation, and we prove our main theorem, giving
a new definition of an LA-Courant algebroid. In Section [4] we study the core of an
LA-Courant algebroid and in Section [5] we describe VB- and LA-Dirac structures in
decompositions. The text is illustrated with several examples that were prepared in
[0, [12].
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2. PREREQUISITES, NOTATION AND CONVENTIONS

We recall in this section some necessary background, and we set our notation
convention.

2.1. General conventions. We write py;: TM — M, qg: E — M for vector
bundle maps. For a vector bundle Q — M we often identify without further
mentioning the vector bundle (Q*)* with @ via the canonical isomorphism. We write
(-, ) for the canonical pairing of a vector bundle with its dual; i.e. (G, Tim) = Tm(gm)
for ¢, € Q and 7, € Q*. We use several different pairings; in general, which pairing
is used is clear from its arguments. Given a section € of E*, we always write
l.: E — R for the linear function associated to it, i.e. the function defined by
em — (e(m),en,) for all e,, € E.

Let M be a smooth manifold. We denote by X(M) and Q!(M) the sheaves of
local smooth sections of the tangent and the cotangent bundle, respectively. For
an arbitrary vector bundle £ — M, the sheaf of local sections of E will be written
L(E).

2.2. Dull brackets, Dorfman connections, Courant algebroids. Let gg: QQ —
M be an anchored vector bundle, with anchor pg: @ — T'M. A dull bracket on sec-
tions of @ is here an R-bilinear, skew-symmetric bracket [, ]: T(Q) x I'(Q) — TI'(Q)
that is compatible with the anchor, pg[¢1, ¢2] = [po(¢1), po(g2)] and that satisfies
the Leibniz identity

(1) [q1: fa2l = polar)(f)az + flla, 2]
for all f € C*°(M) and ¢1,¢2 € T'(Q).

Dualising the dull bracket in the sense of derivations, we get a Dorfman con-
nection A: T'(Q) x I'(Q*) — I'(Q*):
(2) po(@)(d' ;) = (lg.4'],7) + (¢, AgT)
for all ¢,¢’ € T(Q) and 7 € T'(Q*). The Leibniz identities in the two entries of the
dull bracket give Ay(f7) = fAGT + po(q)(f)T and AT = fAGT + (g, 7)p5df for
g €T(Q), 7 €eT(Q*) and f € C*°(M). The compatibility of the bracket with the
anchor reads

(3) Aq(podf) = pod(pq(a)(f))

g €T(Q) and f € C*(M).
Given an R-bilinear skew-symmetric bracket [, -] on sections of a vector bundle
E — M, its Jacobiator is the map Jac. ,: I'(E) x ['(E) x I'(E) — I'(E),

Jac[. B (617 €2, 63) = Hela 62], 63] + [[827 63}7 61} + [[63, 61]7 62]'

The Jacobiator of a dull bracket satisfies

(4) Jacy. p(q1, 42, g3) = Ra(q1,92)" g3,

where Ra € Q2(Q,End(Q*)) is the curvature of the dual Dorfman connection:
Ra(q1,q2)7 = Ag Ag,™ = Agy Ag, T — A[[Q1,Q2HT'

A dull algebroid (@, pg,[:,-]) as above defines as usual a Koszul differential
operator dg: Q*(Q) — Q*F1(Q) with dg(w A7) = dow A1+ (—1)"w A dgn for
all w,n € Q*(Q).

Let E be a vector bundle over the same base manifold M. A linear Q-
connection on F is a linear connection V: I'(Q) x I'(E) — I'(E). The curvature
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Ry € Q%(Q,End(E)) of V is defined as usual. The dull bracket and the connection
define together a differential operator dy: Q°(Q, E) — Q*TQ, E): dye = V.e
for e € T(E), and dy(w A7) = dow A n+ (=1)"w A dyn for w € Q*(Q) and
neN(Q,FE).

Consider an anchored vector bundle (E — M, p). Assume that E is paired with
itself via a pairing (-, -): Ex/E — R and that there exists a map D: C*°(M) — I'(E)
such that (Df,e) = p(e)(f) for all f € C>°(M). Then E — M is a degenerate
Courant algebroid over the manifold M if E is in addition equipped with an R-
bilinear bracket [-, -] on the smooth sections I'(E) such that the following conditions
are satisfied:

CAl) [e1, [e2, es]] = [[e1, e2], es] + [e2, [er, es]],

) pler)(ez, e3) = ([e1, e2], e3) + (€2, [en, es]),

) le1,e2] + [e2,e1] = D{e1, e2),
CA4) pler, e2] = [p(er), p(e2)],

) lew, fea] = fler, ea] + (plex) f)ez
for all e, es,e3 € I'(E) and f € C°°(M). If the pairing (-,-) is nondegenerate, then
(E—= M,p,{(-,,[,]) is a Courant algebroid [I7, 24] and Conditions (CA4) and
(CA5) follow then from (CA1), (CA2) and (CA3) (see [28] and also [9] for a quicker
proof).

2.3. N-Manifolds of degree 2. An N-manifold M of degree 2 and dimension
(p;r1,72) is a smooth manifold M of dimension p together a sheaf C*°(M) of N-
graded, graded commutative, associative, unital C>°(M)-algebras over M, that is
locally freely generated by 71 + 7o elements &}, ..., &%, &, ... €52 with fg of degree
ifori=1,2and j € {1,...,r;}. We write “[2]-manifold” for “N-manifold of degree
2”. A morphism of N-manifolds u: N — M over a smooth map pg: N — M of the
underlying smooth manifolds is a morphism p*: C°°(M) — C*°(N) of sheaves of
graded algebras over uf: C°(M) — C*(N).

Let F4 and E5 be smooth vector bundles of finite ranks 1,79 over M and assign
the degree i to the fiber coordinates of E;, for each i = 1,...,n. The direct sum
FE = F, ® F» is a graded vector bundle with grading concentrated in degrees 1 and
2. The [2]-manifold E;[—1] & E3[—2] has the elements of local frames of E} as local
generators of degree ¢, for i = 1,2, and so dimension (p;r1,73). A [2]-manifold M =
E1[—1] ® E5[—2] defined in this manner by a graded vector bundle is called a split
[2]-manifold. In other words, we have C*°(M)? = C>(M), C*®°(M)! =T(Ef) and
C®(M)? =T(E; ® A’E}). A morphism p: Fi[—1] ® F3[-2] — E1[-1] & Ey[-2]
of split [2]-manifolds over the bases M and N, respectively, consists of a smooth
map po: N — M, three vector bundle morphisms pq: Fy — Eq, po: Fo — E5 and
pia: A2 Fy — By over ug. The map p* sends a degree 1 function ¢ € I'(E}) tdﬂ
p1*€ € T(F}) and a degree 2-function & € T'(E3) to pua*€ + pi.€ € T(Fy @ A2FY).

2.4. Double Lie algebroids and matched pairs of 2-representations. We
refer to Section 2.2 of [I0] for the definition of a double vector bundle, and for the
necessary background on their linear and core sections, and on their linear splittings
and dualisations. Sections 2.3-2.5 of [I0] recall the definition of a VB-algebroid,
and also the equivalence of 2-term representations up to homotopy (called here
“2-representations” for short) with linear decompositions of VB-algebroids [5]. The

Lute € T(Fy) is defined by ((11€)p, ep) = (€(u0(p)), ua(ep)) for all e, € F.
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notation that we use here is the same as in [I0]. Of course, we also refer to [23] [19] [5]
for more details on double vector bundles and VB-algebroids.

In this section we only recall the correspondence of decompositions of double Lie
algebroids with matched pairs of 2-representations.

If (D, A, B, M) is a VB-algebroid with Lie algebroid structures on D — B and
A — M, then the dual vector bundle D} — B has a Lie-Poisson structure (a
linear Poisson structure), and the structure on D7 is also Lie-Poisson with respect
to D3 — C* [20] 3.4]. Dualising this bundle gives a Lie algebroid structure on
(D35)&« — C*. This equips the double vector bundle ((Dg)&.; C*, A; M) with
a VB-algebroid structure. Using the isomorphism defined by the non-degenerate
pairing —(-,-): D% xXc« D — R, (see [19] and [I0, §2.2.4] for a summary and
our sign convention), the double vector bundle (D% — C*;A — M) is also a
VB-algebroid. In the same manner, if (D — A, B — M) is a VB-algebroid then
we use the non-degenerate pairing (-,-): D% x¢+ D5 — R to get a VB-algebroid
structure on (D — C*; B — M).

Let X: A x3r B — D be a linear splitting of D and denote by (VZ VY R,)
the induced 2-representation of the Lie algebroid A on dp: C' — B (see [5]; this is
also recalled in Section 2.5 of [10]). The linear splitting ¥ induces a linear splitting
¥ A xy CF — D of DY. The 2-representation of A that is associated to this
splitting is then (VC™, VB, —R%) on the complex J5: B* — C*. This is proved in
the appendix of [3].

A double Lie algebroid [20] is a double vector bundle (D, A, B, M) with core
C, and with Lie algebroid structures on each of A - M, B - M, D — A and
D — B such that each pair of parallel Lie algebroids gives D the structure of a
VB-algebroid, and such that the pair (D%, D%) with the induced Lie algebroid
structures on base C* and the pairing (-, -}, is a Lie bialgebroid.

Consider a double vector bundle (D; A, B; M) with core C' and a VB-Lie algebroid
structure on each of its sides. After the choice of a splitting 3: A x; B — D, the
Lie algebroid structures on the two sides of D are described by two 2-representations
[5]. We prove in 4] that (D%, D3%) is a Lie bialgebroid over C* if and only if, for
any splitting of D, the two induced 2-representations form a matched pair as in the
following definition [4].

Definition 2.1. Let (A — M, pa,[-,:]) and (B — M, pp,[,]) be two Lie algebroids
and assume that A acts on dg: C — B up to homotopy via (VB,VC R4) and B
acts on da: C — A up to homotopy via (V4,VC, RB)H. Then we say that the two
representations up to homotopy form a matched pair if

(ml) vaAclcQ - vchch = _(vaACQCl - vagclcQ);

(m2) [a,0ac] = 04(V4c) — Vogea,

(Hl3) [b, 836] = 6B(Vbc) - VaAcb,

(Hl4) ViVee — ViVie — vaac + vVabC = }%B(b7 aBC)a — RA((I, aAC)b,

(mb5) da(Ra(ar,a2)b) = —=Vilar, a2l +[Vear, az]+la1, Vyas]+Vy,,pa1 =V, vaz,
(m6) Op(Rp(b1,b2)a) = —Va[b1,b2] +[Vab1, b2] +[b1, Vab2] + Vv, b1 = Vv, ab2,

for all a,ay,ay € T(A), b,by,bs € T(B) and ¢, c1,¢0 € T(C), and

2For the sake of simplicity, we write in this definition V for all the four connections. It will
always be clear from the indexes which connection is meant. We write V4 for the A-connection
induced by VAB and VAC on A2B* ® C and V& for the B-connection induced on A2A* ® C.
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(m7) dyaRp =dysRa € Q*(A,AN2B*®0) = Q%(B, \2A*®C), where Rp is seen
as an element of Q*(A, A\2B*®C) and R4 as an element of Q' (B, A2A*®C).

2.5. The equivalence of [2]-manifolds with metric double vector bundles.
We begin by summarising the correspondence found in [I0] between double vector
bundles endowed with a linear metric, and N-manifolds of degree 2.

A metric double vector bundle is a double vector bundle (E, Q, B, M) with
core @Q*, equipped with a linear symmetric non-degenerate pairing E xgE —
R, i.e. such that

(1) (Tf,TJ) =0 for 7,72 € T(Q*),
(2) (x,7") = qi{q,7) for x € T (E) linear over q € I'(Q) and 7 € I'(Q*) and
(3) (x1,X2) is a linear function on B for x1, x2 € T'5(E).

Note that the opposite (E, Q, B, M) of a metric double vector bundle (E, B, Q, M)
is the metric double vector bundle with (-, )g = —(-, )&.

A linear splitting X: @Q X,y B — E is said to be Lagrangian if its image is
maximal isotropic in E — B. The corresponding horizontal lifts og: T'(Q) — I';(E)
and op: I'(B) — FZQ(IE) are then also said to be Lagrangian. By definition, a
horizontal lift og: I'(Q) — I'z(E) is Lagrangian if and only if (09 (q1),00(g2)) =0
for all ¢1, g2 € T'(Q). Showing the existence of a Lagrangian splitting of E is relatively
easy [10]: Note that a general linear decomposition ¥ of a metric double vector
bundle defines as follows a section A of S%(Q) ® B*:

(5) <UQ(q1)7 UQ(q2)> = ZA(ZIL%)

for all ¢1,¢2 € T'(Q). In particular, A(g,-): @ — B* is a morphism of vector bundles
for each ¢ € I'(Q). Define a new horizontal lift o7, : I'(Q) — I'(E) by

©) To0) = oala) ~ 5 (g, )

for all ¢ € T'(Q). It is easy to check that the corresponding linear decomposition %’
is Lagrangian.

Further, if ©! and ¥2: Q x s B — E are Lagrangian, then the change of splitting
¢12 € D(Q*®Q*® B*) defined by ¥*(¢,b) = £'(g, b) +¢(q, b) for all (¢,b) € @ xnr B,
is a section of Q* A Q* ® B*.

Example 2.2. Let £ — M be a vector bundle endowed with a symmetric non-
degenerate pairing (-,-): F Xy E — R (a metric vector bundle). Then F ~ E* and
the tangent prolongation T'FE is a metric double vector bundle (T'E, E, T M, M) with
pairing TE X1p TE — R the tangent of the pairing F x; E — R. In particular,
we have (Te1, Tea)rr = Ld(e, e5) <T€1,6;>TE = pi;(e1,e2) and (eJ{,eDTE =0 for
e1,e2 € I'(E).

Recall from [I0, Example 3.11] that linear splittings of T'E' are equivalent to linear
connections V: X(M) x I'(E) — I'(E). The Lagrangian splittings of TE are exactly
the linear splittings that correspond to metric connections, i.e. linear connections
V: X(M)xT(E) — T'(E) that preserve the metric: (V.e1,ea)+{e1, V.ea) = d{ey, e3)
for e1,es € I'(E).

Let (E, B,Q, M) be a metric double vector bundle. Define C(E) C I‘é;) (E) as the
C*°(M)-submodule of linear sections with isotropic image in E. After the choice of a
Lagrangian splitting ¥: @ X3 B — E, C(E) can be written C(E) := op(I'(B)) +{& |
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w € L(Q* AQ™)}. This shows that C(E) together with I'G (E) ~ I'(Q*) span E as a
vector bundle over Q.

We deﬁneE| a morphism : F — E of metric double vector bundles as a pair
of maps w*: C(E) — C(F), wp: I'(Q*) — I'(P*) together with a smooth map
wo: N — M such that

(1) w* (TT/\\/TQ) = WpT1 A WhTa,

(2) w (g5 f - x) = ap(wsf) - w*(x) and

(3) wp(f-7) =wif-wpT
for all 7,71, 72 € T(Q*), f € C°(M) and x € C(E). A morphism Q: Q1 X, Q1 X,
BY — Q2 X, Q2 X, By of decomposed metric double vector bundles is then
described by wg: Q1 — Q2, wp-: Bf — B3 and wi2: Q1 A Q1 — Bj, all morphisms
of vector bundles over a smooth map wg: My — Ms. For b € I'(B;) the isotropic
section b' € FlQ2(32 X a1, Q2 X ar, @3), b (gm) = (b(m), qm,Ogg), is sent by w* to the

isotropic section (wp (b)) + wiy(b) € Tl (B Xar, Q1 X a1, Q7).

We write MDVB for the obtained category of metric double vector bundles. In
[T0] we established an equivalence between the category of involutive double vector
bundles and the category of [2]-manifolds. We also proved there that there is a
(contravariant) dualisation equivalence of the categry of involutive double vector
bundles with MDVB. This yields the following theorem.

Theorem 2.3 ([I0]). There is a (contravariant) equivalence between the category
of [2]-manifolds and the category of metric double vector bundles.

This equivalence establishes in particular an equivalence between split [2]-manifold
M = Q[-1] ® B*[-2] and the decomposed metric double vector bundle (Q x s
B xy Q*, B,Q, M) with the obvious linear metric over B.

We quickly describe the functors between the two categories. To construct the
geometrisation functor G: [2]—Man — MDVB, take a [2]-manifold and considers its
local trivialisations. Changes of local trivialisation define a set of cocycle conditions,
that correspond exactly to cocycle conditions for a double vector bundle atlas. The
local trivialisations can hence be collated to a double vector bundle, which naturally
inherits an involution. See [I0] for more details, and remark that this construction
is as simple as the construction of a vector bundle from a locally free and finitely
generated sheaf of C°°(M)-modules. Conversely, the algebraisation functor A sends
a metric double vector bundle E to the [2]-manifold defined as follows: the functions
of degree 1 are the sections of I'G (E) ~ I'(Q*), and the functions of degree 2 are
the elements of C(E). The multiplication of two core sections 71,75 € T'(Q*) is the
core-linear section 71 A 75 € C(E).

2.5.1. Metric VB-algebroids and Poisson [2]-manifolds. The correspondence above
of split 2-manifolds with decomposed metric double vector bundles induces a cor-
respondence of split Poisson [2]-manifolds with decomposed metric VB-algebroids.
This bijection extends to an equivalence of Poisson [2]-manifolds with metric VB-
algebroids [I0], but we only need the split objects here.

3A metric double vector bundle (E, B, @, M) is dual (over Q) to an involutive double vector
bundle [10]. A morphism Q: F — E of metric double vector bundles is defined as a relation
Q CF x E that is the dual of a morphism of involutive double vector bundles w: F% — Eg [10].

The characterisation given here is proved in [10].
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Consider a metric double vector bundle (E, B, Q, M) with a linear Lie algebroid
on E — @ over a Lie algebroid structure on B — M. Then E is a metric VB-
algebroid [I0] if the bijection

(7) E iLd B E% B
Q Q* a5 L Q*
Q . M Q™ ~Q M

defined by the pairing is a morphism of VB-algebroids, where E}; — Q** is equipped
with the dual Lie algebroid structure to the one on E — @ [10].

Take a decomposed metric double vector bundle E = @ x5 B X Q* with a
linear Lie algebroid structure on @ x s B Xy Q* — @ over a Lie algebroid B — M.
Let (V9,V? | R) be the corresponding 2-representation of the Lie algebroid B on
0g: Q" — Q. Then Q X B X QF is a decomposed metric VB-algebroid if
and only if the 2-representation is dual to itself [10]:

(V9)" =V? 85=089, R(bi,b2)" = —R(by,bs) Vb1, by € T(B).

That is, the dual decomposed VB-algebroid E; = Q** Xy B xup QF — Q*F
is canonically isomorphic to E — @ via the canonical isomorphism of @ with
Q** [10]. Note that R(by,b2)* = —R(b1,bs) for all by,be € I'(B) is equivalent to
R € Q*(B,Q* AQ*).

Note that a Poisson bracket of degree —2 on a [2]-manifold M is an R-bilinear map
{-,}: C®(M) x C®(M) — C®(M) of the graded sheaves of functions, such that
& n} = 1€l + In| — 2 for homogeneous elements &, € C35(U). The bracket is
graded skew-symmetric; {€,7} = —(—1)Il17{n, £} and satisfies the graded Leibniz
and Jacobi identities

(8) {61,663} = {6, 6} - &+ (1) 1%lg - {6, 6)
and
9) (6.4, &1 = {6, &1 &+ (D)0el g {4, &)}

for homogeneous &1,&2,83 € C5(U). A morphism p: N — M of Poisson [2]-
manifolds satisfies p*{&,&} = {p*&, p*&e} for all &,& € CRG(U), U open in
M.

Via the identification of the underlying metric double vector bundle E = Q Xy,
B xpr Q* with the [2]-manifold Q[—1] & B*[—2], the metric VB-algebroid structure
is equivalent to a degree —2 Poisson structure on Q[—1] @ B*[—2] (see [10]):

{fi,f2} =0, {7, f}=0, {7,722} =(0gm,m),
{0, 1} =pB0)(f), {b,7}=Vir, {b1,b2} = [b1,b2] — R(b1,b2).
This identification is compatible with changes of splittings of the [2]-manifolds

and changes of decomposition of metric VB-algebroids: The category of Poisson
[2]-manifolds is equivalent to the category of metric VB-algebroids [10].

(10)
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Example 2.4. Consider a metric vector bundle £ — M and a metric connection
V:X(M) xT'(E) - I'(E). Since V = V* when E* is identified with E via the
non-degenerate pairing, the 2-representation (Idg: E — E,V,V, Ry) is self-dual.
The metric VB-algebroid structure on TE — FE is just the standard Lie algebroid
structure on the tangent bundle of E. See [10] for more details.

2.5.2. VB-Courant algebroids and Lie 2-algebroids. A VB-Courant algebroid [14]
is a metric double vector bundle (E — B, (-,-)) with side @ and core Q*, together
with a linear anchor ©: E — T'B and a linear Courant algebroid bracket on sections
of E — B.

A decomposed VB-Courant algebroid can be described as [12] a decomposed
metric VB-algebroid E = @ x s B x5 Q" — B together with an anchor pg: Q — M,
a vector bundle map Jdp: Q* — B, a dull bracket [-,-]: T'(Q) x I'(Q) — I'(Q), a
linear connection V: T'(Q) xI'(B) — I'(B) and a vector valued 3-form w € Q3(Q, B*),
such that [12]

(i) Vggﬁ1ﬂ2 + V3E52ﬁ1 = 0 for all g1, 8y € T'(B*),
(ii) [0, 058] = 93(V38) for g € T(Q) and § € T(B*),

(ili) Jacp.,j = 0f ow € 03(Q,Q),

(iv) Rv(qi,q2)b = 0p(ig,iq w,b) for ¢ € I'(Q) and § € I'(B*), and
(V) dv*w =0.

The equation

(11) pgod =0

follows easily from and (ii), and (ii) is equivalent to

(12) Op(Ag7) = V4(9pT)

for all ¢ € T'(Q) and 7 € T'(Q*). Further, (4) and (iii) yield together

(13) (igig,w, OpT) = Ra(q1,q2)T

for ¢1,q2 € T(Q) and 7 € T'(Q*). The linear Courant algebroid structure on
Q Xy B xp QF — B is given by the anchor ©: E — T'B defined by

0(g,0) =V, € /(B), O(r") = (957)" € X°(B),
and the bracket defined by [[T{(, TQT]] =0, [[(q7 0), TTH = A,7T where A is the Dorfman

connection that is dual to the dull bracket, and [(q1,0), (¢2,0)] = ([¢1, ¢2], —ig.igw)-
for all ¢,q1,q2 € T(Q) and all 7,7, 75 € T(Q*).

Example 2.5. [12] We consider here a Courant algebroid (E — M, p,[-,-], (-,))-
We use the pairing to identify E with E*. After the choice of a metric connection on
E and so of a Lagrangian decomposition Iy : TE — E x ,; TM X s E (see Example
, the VB-Courant algebroid structure on (TE — TM,E — M) is described by
Ory = p: E— TM, the Dorfman connection AP25: T'(E) x T'(E) — I'(E),
APe! = [e,e'] + V perye,

which we call the basic Dorfman connection associated to V. The dual dull bracket
is given by
(14) [e, €' Tavas = [e,€'] — p*(V.e,€)
for all e, e’ € T'(E). The linear connection is V?*: I'(E) x X(M) — X(M),

VX = [p(e), X] + p(Vxe).
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The basic curvature wi® € Q3(E, T*M) is defined by
(15)  wh™(e1,e0,)X = — Vx[e1,ea] + [Vxer,ea] + [e1, Vxes]

+ vagsxel — vvle)elxsXGQ — B HVybasxer,e2) € T(E)
for all e;,ep € I'(E) and X € X(M).

A homological vector field Q on a positively graded manifold M is a derivation
of degree 1 of C*°(M) such that Q% = 1[Q, Q] vanishes [24]. If the graded manifold
is a [2]-manifold, then the pair (M, Q) is a Lie 2-algebroid [21].

Consider the split [2]-manifold Q[—1] & B*[—2] corresponding to the underlying
decomposed metric double vector bundle @ x; B Xy @*. The linear Courant
algebroid structure defines as follows a homological vector field @ on C*(Q[—1| &
B*[-2]) (see [12]):

(16) Qf) = podf € T(Q7)

for f € C>*(M),

(17) Q(1) =doT + 95T € Q*(Q) ®T(B)
for 7 € I'(Q*) and

(18) Q(b) = dvb — (w,b) € 21(Q, B) ® 2°(Q).

for b € T'(B). The tuple (05: B* = Q, pg, [-,-], V,w), is a split Lie 2-algebroid
[277, 12]. Note that conversely any homological vector field on M = Q[—1] @ B*[-2]
defines as in , and a split Lie 2-algebroid

The category of Lie 2-algebroid is equivalent via the correspondence described
above to the category of VB-Courant algebroids [I4, 12]. Note that a morphism
w: (Mq, Q1) = (Mg, Qo) of Lie 2-algebroids is a morphism p: M; — My of the
underlying [2]-manifolds, such that

(19) p*o Qo= Qpopu*: C°(My) = C®(My).

We refer to §3.5 of [I2] for the characterisation of a morphism of split Lie 2-algebroids
in terms of its components (05: B* — @, pg, [, ], V,w).

3. LA-COURANT ALGEBROIDS VS POISSON LIE 2-ALGEBROIDS

In this section, we prove that a split Poisson Lie 2-algebroid is equivalent to the
matched pair of a split Lie 2-algebroid with a self-dual 2-representation.

Take a double vector bundle (E, B, Q, M) with core Q*, with a VB-Lie algebroid
structure on (E — @Q,B — M) and a VB-Courant algebroid structure on (E —
B,Q — M). In this section we show that the double vector bundle is an LA-
Courant algebroid [14] if and only if the VB-algebroid is metric and the self-dual
2-representation defined by any Lagrangian decomposition of E and the VB-algebroid
side forms a matched pair with the split Lie 2-algebroid describing the Courant
algebroid side.

We begin with the following definition.

Definition 3.1. Let (B — M, pp,|[-,-]) be a Lie algebroid and let (Q — M, pg) be
an anchored vector bundle. Assume that B acts on Og: Q* — Q up to homotopy via
a self-dual 2-representation (V,V*, R), and let (0p: Q@* — B,[-,], V,w)ﬁ be a split

4For the sake of simplicity, we write in this definition V for two different connections, unless it
is not clear from the indexes which connection is meant.
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Lie 2-algebroid. Then we say that the 2-representation and the split Lie 2-algebroid
form a matched pair if
(M1) 9g(AgT) = Voprq + [q,0q7] + 05(7, V.q),
(M2) 0p(ViT) = [b,0BT] 4+ Vo, b,
(M?)) OpR(b1,b2)q = —Vq[bl, bg} + [qul, bg} + [bl, qug} + vaqul — valqbg,
(M4) 0q(ig,igw,b) = =Vilar, 2] + [q1, Voge] + Va1, ¢2] + V001 = Vv, bq2 +
O5(R(-,b)q1,q2)-
(M5) dyew = dysR € Q*(B,A3Q*) ~ Q3(Q,A\2B*), where w is seen as an
element of QY(B, A3Q*) and R is understood as an element of Q?(Q, N> B*).
Remark 3.2. (1) (M5) is
Vzg <i(12 ithw’ b1> - Vzl <i!;{2 iq1w7 b2> + <iq2 iq1w’ [blv b2]>
+ <iq2ivb1 ) b2> + <ivh1 Q2i<hw7 b2> - <iq2ivb2¢hw7 b1> - <ivb2qzithw7 b1>
+ Ay, R(b1,b2)q2 — Ay, R(b1,b2)q1 — R(b1,b2)[q1, g2]
— R(Vg,b1,02)q2 — R(b1, Vg, b2)q2 + R(Vg,b1,b2)q1 + R(b1, Vg, b2)
= ((R(b1, V.b2) + R(V.b1,02))q1,¢2) — pod(R(b1,b2)q1, ¢2)
for all g1,¢2 € T'(Q) and by, be € T'(B).

(2) The equality pg o Og = pp o O follows from (M1) if @ has positive rank,
and from (M2) if B has positive rank. If both @ and B have rank zero,
then pg 0 Og = pp o Op is trivially satisfied.

(3) The equation

(20) [pa(9), pB(b)] = pB(V4b) — P (Via)

follows from (M3) if B has positive rank, and from (M4) if Q has positive
rank. If both @ and B have rank zero, then it is trivially satisfied.
(4) If pg 0 0g = pp o Op, then (M1) is equivalent to
(21) (AaQT17'2 - V};Bmﬁ) + (A{)QTZTl - V?;BTITQ) = pod(r1,0qT2)
for all 7,72 € T'(Q*).
(5) Assuming [pq(q), pB(b)] = pB(Vb)—pq(Veq) for allb € I'(B) and ¢ € I'(Q),
(M4) is equivalent to
(22) (igyriqw,b) — R(b,0pT)q = AJVyT — Vi AgT + Ay, qT — V*quT —(Vv.ag,T)
for all b € I'(B), ¢ € T'(Q) and 7 € T'(Q*).

3.1. Poisson Lie 2-algebroids via matched pairs. We begin this subsection
with the definition of a Poisson Lie 2-algebroid.

Definition 3.3. Let M be a Poisson [2]-manifold with algebra of functions C*°(M)
and degree —2 Poisson bracket {-,-}. Assume that M has in addition o Lie 2-
algebroid structure, i.e. that it is endowed with a homological vector field Q. Then
(M, Q,{-,-}) is a Poisson Lie 2-algebroid if the homological vector field preserves
the Poisson structure, i.e. if

(23) Q1,6 = {Q(&), &} + (1) {1, Q(&)}
for all &1,& € A.

A morphism of Poisson Lie 2-algebroids is a morphism of the underlying [2]-
manifold that is a morphism of Poisson [2]-manifolds and a morphism of Lie
2-algebroids.
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The main theorem of this section shows that matched pairs as in Definition
are equivalent to split Poisson Lie 2-algebroids.

Theorem 3.4. Let M = Q[-1] @ B*[-2] be a split [2]-manifold endowed with a
homological vector field Q and a Poisson bracket {-,-} of degree —2. Let (0p: Q* —
B,[-,],V,w) be the components of Q, and let (0g: Q* — Q,V*,V,R) be the
self-dual 2-representation of B that is equivalent to the Poisson bracket.

Then (M, Q,{-,-}) is a Poisson Lie 2-algebroid if and only if the self dual
2-representation and the split Lie 2-algebroid form a matched pair.

Proof. The idea of this proof is very simple, but requires rather long computations.
We will leave some of the detailed verifications to the reader. We check in

coordinates, by using the formulae found in , , and for © and
{-,}, respectively.
First we have Q(f) = ppdf € I'(Q*) and {f,g} = 0 for f,g € C>(M). This

vields {Q(f), g} +{f, Q(9)} = {p5df, g} +{f, p5dg} = 0= Q{f, g} by the graded
skew-symmetry and {7, f} = 0 for 7 € I'(Q*). Then we have for 7 € I'(Q*):
{Q(7), [} — {7, Q(N)} = {de7 + 97, [} — {7, podf}
=0+ ps087)(f) = pa(0eT)(f).

But we also have Q{r, f} = Q(0) = 0. Hence, {O(7), f} — {7, Q(f)} = Q{r, f} is

equivalent to pg(0pT)(f) = po(OgT)(f).
In a similar manner, we have Q{b, f} = p5d(pp(b)(f)) for b € T'(B) and

{Q0), [} +{b, (N} is
{dvb — (w, ), [} +{b, podf} = {dvb, [} + Vi (pgd/f)
={V.b, f} + Vi(podf) = pp(V.5)(f) + Vi(podf) € 2(Q).

Hence, Q{b, f} ={Q(), f} + {b, Q(f)} if and only if
pQ()pB()(f) = pB(Veb)(f) + pB(0)pQ(A)(f) — Pe(Ved)(f)

for all ¢ € I'(Q). Since f was arbitrary, this is (20): [po(q), p5(b)] = p(Veb) —
po(Veq). Then we have Q{b, 7} = Q(Vi1) = 05(V;7) +do(V;7T) € I'(B) & Q*(Q).
The Poisson bracket {Q(b), 7} is {dyb — (w,b),7}. A simple computation shows
that {n,7} = (71)k+1i3Q‘r77 for n € Qk(Q) Hence, {{w,b),7} = (71)4i8QT<w7b> =
i, (w,b). The bracket {dyb,7} equals Vg, b+ by -, with ¥, € Q*(Q) the form
defined by

wb,T(QIv QQ) = <V*Vq1b7—7 q2> - <V*Vq2b7—7 Q1>

for ¢1,¢2 € T'(Q). The Poisson bracket {b, Q(7)} = {b,dg7 + 97} = {b,doT} +
[b,0pT] — R(b,0pT) simplifies to V}(dgT) + [b,0pT] — R(9pT,b) because {b,n} =
Vi € QF(Q) for all n € Q%(Q). By comparing the I'(B) and the Q2(Q)-terms, we
find that

Q{b, 7} ={Q(b), 7} + {b,Q(7)}
if and only if 0pVyT = Va,-b + [b,0pT], which is (M2) and

(24) dq(Vy7) = —iggr(w,b) + ¥pr + Vi (dgT) + R(OBT,b).
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On q1,q2 € T(Q), the 2-form dg(V;7) +iayr(w,b) —Ypr — Vi(dgT) — R(9BT,b) is
(lpq(a1), p(b)] = pB(Vg,b) + po(Vear)) (7, q2)
+ ([pB(b), pa(a2)] + pB(V4,b) — po(Vea2)) (T, q1)
+ (7,05 (igyigw, b) + Vilq1, @2] + Vv, 002 — Vv, 501)
— (7, [Voar, @2] + [q1, Voge] + 95 (R(-,0)q1, 42)) -

Hence if holds, then is (M4). Next we study the equation Q{m,72} =
{Q(n1), 72} — {71, Q(72)} for 71,72 € I'(Q*). The left hand side is p5d(r1,9g72).
The right-hand side is {Q(71), 72} + {Q(72), 71 }. The equality

{Q(n), 2} = {dqm + 971,72} = —l9grdom + Vi, T2
= péd(Tl,ﬁQn) — A3Q727'1 -+ V;;Bn’rg

shows hence that Q{r,m2} = {Q(71), 72} + {Q(72), 71 } if and only if (21)). Recall
from Remark that together with pp 0 Op = pg o Jg, this is equivalent to (M1).

Finally, we choose b1, by € T'(B) and we study the equation Q{by, b2} = {Q(b1), b2} +
{b1, Q(bg)} = {Q(bl), bg} — {Q(bg), bl} The left-hand side is

Q([b1,b2] — R(b1,b2)) = dy/[b1, ba] — (w, [b1,b2]) — dg(R(b1,b2)) + OpR(b1,b2).
—_——
€01(Q,B) €03(Q) €Q1(Q,B)

Note that in the expression dg(R(b1,b2)), the object R(b1,bs) is understood as an
element of Q?(Q), and in the expression dg R(by, b2), it is understood as a morphism
@ — Q*. The Poisson bracket {Q(b;), b2} is

{dubi — (w,b1),b2} = Vg, b1 + [V.b1, bs] — R(V.by, bs) + Vi, (w, b1)
€0 (Q,B) €Q3(Q)
The projection to Q' (Q, B) of Q{b1,bs} = {Q(b1),b2} — {Q(bs), b1} is
dy[b1,b2] + OpR(b1,b2) = Vy,,.b1 + [V.b1,ba] — Vg, .ba — [V.ba, b1],
which is (M3). The projection to Q3(Q) of Q{b1,ba} = {Q(b1),b2} — {Q(ba), b1} is
—(w, [b1, b2]) —dg(R(b1,b2)) = —R(V.b1,b2) + Vi, (w, b1) + R(V.ba, b1) — V, (w, ba),
that is,

(de)(bh b2> = dQ (R(bl, bg)) — R(Vbl, bz) + R(ng, bl)
The right-hand side of this equation is easily calculated to be the pairing of
(dysR) € Q3(Q, A2B*) with (b1, by). Hence, the projection to 23(Q) of Q{b1, by} =
{Q(bl), bg} - {Q(bg), bl} is (M5) O

3.2. LA-Courant algebroids and equivalence of categories. Li-Bland’s defi-
nition of an LA-Courant algebroid [I4] requires the consideration of triple vector
bundles [I8]. This is explained in this section.

3.2.1. The LA-Courant algebroid condition. A Dirac structure with support in a
Courant algebroid E — M is a subbundle D — S over a sub-manifold S of M, such
that D(s) is maximal isotropic in E(s) for all s € S and

€1|S S FS(D),€2|S S Fs(D) = [[61,62]”5 c Fs(D)

for all eg, e, € T'(E).
Later we will need the following lemma in Section 5] We leave the proof to the
reader.
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Lemma 3.5. Let E — M be a Courant algebroid and D — S a subbundle with S a
sub-manifold of M. Assume that D — S is spanned by the restrictions to S of a
family S C T'(E) of sections of E. Then D is a Dirac structure with support S if
and only if

(1) pe(e)(s) € TsS for alle € S and s € S,

(2) Dy is Lagrangian in Eg for all s € S and

(3) [e1,ez]ls € Ts(D) for all e1,e2 € S.

Consider a Lie algebroid (ga: A — M,pa,[-,*]). In [14] Li-Bland defines a
relation ITy CTA x TA by
d
Timbpal(a)(m) +4 7 b(m) + t([b, a] + ¢)(m)
t=0

d
~ia Tnapa(b)(m) +a - | alm) +te(m)
tli=o
for all a,b,c € T(A). (Note that in [T4], the relation is defined in a different manner.
Checking that this alternative definition is correct is rather long. Details can be
obtained in the appendix of [§]).

Now consider a double vector bundle (E, B, @, M) endowed with a VB-Lie alge-
broid structure (b, [-,-]) on E — @ and a linear metric (-,-) on E — B (hence, E has
core Q*). Let pp: B — TM be the anchor of the induced Lie algebroid structure
on B.

The relation IIg defined as above by the Lie algebroid structure on E over @ is
then a relation IIg of the triple vector bundles [14]

Tl\ =T,
NN NN

Li-Bland’s definition [14] is the following.

Definition 3.6. Let (E,Q, B, M) be a double vector bundle with a VB-Courant
algebroid structure (over B) and a VB-algebroid structure (E — Q, B — M). Then
(E,B,Q, M) is an LA-Courant algebroid if Ilg is a Dirac structure with support of
the Courant algebroid TE x TE.

We have the following theorem.

Theorem 3.7. Let (E,Q,B, M) be a double vector bundle with a VB-Courant
algebroid structure on (E — B,Q — M) and a VB-Lie algebroid structure on
(E = Q,B — M). Then in particular, E is a metric double vector bundle with
the linear metric underlying the linear Courant algebroid structure on E — B.
Choose a Lagrangian decomposition ¥.: B X Q@ — E of E. Then (E,Q, B, M) is
an LA-Courant algebroid if and only if
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(1) the linear Lie algebroid structure on E — @ is compatible in the sense of
42.5. 1| with the linear metric, and

(2) the self-dual 2-representation and the split Lie 2-algebroid obtained from the
Lagrangian splitting form a matched pair as in Definition [3.1]

The proof of this theorem is very long and technical (see the appendix of [§]),
showing that Li-Bland’s definition of an LA-Courant algebroid is, although very
elegant, rather hard to handle in practice. Hence our result provides a new definition
of LA-Courant algebroids, that is easier to use for computations.

Further, we now explain how this theorem shows that LA-Courant algebroids are
equivalent to Poisson Lie 2-algebroids. This has already been found by Li-Bland in
[14]. First, morphisms of LA-Courant algebroids are morphisms of metric double
vector bundles that preserve the Courant algebroid structure and the Lie algebroid
structure [14]. Hence, the category of LA-Courant algebroids is a full subcategory
of the intersection of the category of metric VB-algebroids and the category of
VB-Courant algebroids.

On the other hand, Definition [3.3] shows that the category of Poisson Lie 2-
algebroids is a full subcategory of the intersection of the categories of Poisson
[2]-manifolds and of Lie 2-algebroids.

This, Theorem and Theorem show that the equivalences of the categories
of metric VB-algebroids and of Poisson [2]-manifolds and of the categories of VB-
Courant algebroids and Lie 2-algebroids restrict to an equivalence of the category of
LA-Courant algebroids with the category of Poisson Lie 2-algebroids.

3.3. Examples of LA-Courant algebroids and Poisson Lie 2-algebroids.
Next we discuss some classes of Examples of LA-Courant algebroids, and the
corresponding Poisson Lie 2-algebroids.

3.3.1. The tangent double of a Courant algebroid. Let E — M be a Courant algebroid
and choose a metric connection V: X(M) x I'(E) — I'(E). We have seen in Examples
and that the triple (V,V, Ry) is then the self dual T M-representation up
to homotopy describing (TE — E,TM — M) after the choice of the Lagrangian
decomposition V' : E x 3y M x s E — TE. We have also seen in Example that
the split Lie 2-algebroid encoding the Courant algebroid side (TE - TM,E — T M)
is (pe: E— TM, [, ] aves, VP2 whas),

A straightforward computation resembling the one in [4, Section 3.2] for the
tangent double of a Lie algebroid shows that this 2-representation and this split Lie
2-algebroid are matched, and so that TE is an LA-Courant algebroid (see also [14]).

The Poisson structure on the [2]-manifold corresponding to TE is, via the equiva-
lence of [2]-manifolds with metric double vector bundles, just the Poisson structure
that is dual to the Lie algebroid TE — E. Hence, it is symplectic (see [I0], in
particular §4.5.1).

Hence, the class of LA-Courant algebroids that is equivalent to the symplectic
Lie 2-algebroids is just the class of tangent prolongations of Courant algebroids.

3.3.2. The standard Courant algebroid over a Lie algebroid. Let A be a Lie algebroid.
Then TA@ T*A is a double vector bundle with sides A and T'"M & A* and with core
A@T*M. It has a linear Courant algebroid structure on TA® 4 T*A — A (see [12])
and a metric VB-algebroid structure (TA @4 T*A — TM & A*, A — M) (see [10]).
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Set 04 =pry: A®T*M — A, consider a skew-symmetric dull bracket [-,-] on
IN(TM @ A*), with TM @& A* anchored by prp,,, and let A: T'(TM @ E*) x '(A®
T*M) — I'(A@® T*M) be the dual Dorfman connection. This Dorfman connection
is equivalent to a Lagrangian splitting of the metric double vector bundle TA® T* A
[9, 10]. Tt also defines as follows a split Lie 2-algebroid structure on the vector
bundles (TM & A*,pry,,) and A* [12].

Let V: T'(TM @ A*) x T'(A) — I'(A) be the ordinary linear connection defined by
V =pryoAory. The vector bundle map [ = pr¥: A* — TM @ A* is just the canon-
ical inclusion. Define w € Q*(TM @& A*, A*) by w(vy,ve,v3) = Jacp. (v1,v2,v3).

The objects I, [-,-], V*, w define a split Lie 2-algebroid; the standard split
Lie 2-algebroid defined by the dull bracket (or equivalently by the dual Dorfman
connection).

We give in [9, 10] the self-dual 2-representation ((p,p*): A T*M — TM &
Ax VPbas ybas RRas) of A that is defined by the VB-algebroid (TA @ T*A —
TM®A*, A — M) and any such Dorfman connection: The connections V"% : T'(A4) x
NAQT*M) - T(A®T*M) and VP*: T'(A) x ['(TM @ A*) — T(TM @& A*) are

Vors(X,a) = (p, p")(Qx,)0)+£a(X,a)  and  VES(b,0) = Q(, poyp,0)a+L£a(b, 0),
where Q: T(TM & A*) x T(A) > T(A @ T*M) is defined by

Q(X,a)a = A(X,oz)(a’7 O) - (07 d<0¢, CL>)
and for a € I'(A), the derivations £, over p(a) are defined by:

Lo TASTM) 5 T(ATM), £4(b,0) = ([a,b], £,a)0)

p(a)
and

£a:T(TMa A*) > T(TM @ AY), £.X,a)=([p(a),X], £,0).
The basic curvature R2: I'(A) x T(A) x I(TM & A*) — (A& T*M) is given by

R]Zas(a, b)(X7 5) = — Q(X,E) [(l, b] + £a (Q(Xf)b) — £b (Q(X,g)a)
=+ Qv}:as(x7£)a/ — Qvgas(x,g)b.
A straightforward computation, that also resembles much the one in [4, Section 3.2]
for the tangent double of a Lie algebroid, shows that the Dorfman 2-representation

and the self-dual 2-representation form a matched pair. Hence, TA &4 T*A is an
LA-Courant algebroid.

3.3.3. The LA-Courant algebroid defined by a double Lie algebroid. More generally,
let

D-2. B
A——M
qA

(with core C) be a double Lie algebroid. Then the pair (D, D%) of vector bundles
over B is a Lie bialgebroid, with D} endowed with the trivial Lie algebroid structure.
We get a linear Courant algebroid D @p (D3) over B with side A ® C*

Dop (D) —B

|

A C” M
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and core C' @ A*. The Courant algebroid structure is linear, see [12], §4.4.2. Recall
also from there that a lin~ear decomposition X: A Xy B X3y C — D defines a
Lagrangian decomposition 3 of the metric double vector bundle D@ p (D). Further,
the linear decomposition ¥ of D yields a matched pair of 2-representations as in
In the Lagrangian decomposition, the linear Courant algebroid structure is
equivalent to the split Lie 2-algebroid (0p o pro: C @ A* — B, A, V, R) defined by
(25) A:T(AaC*)y xT(Ca A*) - T(Ca AY)
Ay (e, a) = (Vae, £oa+ (Vi 0)),

(26) V:T(Ae C*) xT'(B) = I'(B), V(anb=Vab
with A @ C* anchored by pa, and w € Q3(A4 & C*, B*) defined by

(27) i(az,’yz)i(ah%)w = (R(CL1, a2)7 <r>/2’ R(ala )> + <71a R(a a2)>)

as a section of Hom(B,C & A*).

The direct sum D @ g D% over B has also a VB-algebroid structure (D &g D} —
A®C*, B — M) with core C@® A*. The linear decomposition >: B X 5 (A®C*) x 5
(C@ A*) - D @& (D}y) defines the 2-representation of B

(28) (04 0,:CHA* - ApC* VAa Ve Ve VA Ra (—RY)),

see [10], §4.5.2.

A straightforward computation shows that the matched pair conditions for the
2-representations describing the sides of D imply that the 2-representation and
the split Lie 2-algebroid f form a matched pair. Hence, (D @&p (D}), A®
C*,B, M) has a natural LA-Courant algebroid structure. In the same manner,
(D®a (DY), B®C*, A, M) has a natural LA-Courant algebroid structure. Hence,
we get the following theorem.

Theorem 3.8. Consider a matched pair of 2-representations with the usual notation.
Then the split [2]-manifold (A @ C*)[—1] ® B*[—2] endowed with the semi-direct Lie
2-algebroid structure in f and the Poisson bracket defined by , is a split
Poisson Lie 2-algebroid.

By symmetry, the split [2]-manifold (B @ C*)[—1] & A*[—2] also inherits a split
Poisson Lie 2-algebroid structure.

In the case of the double Lie algebroid T'A, for A — M a Lie algebroid, the two
LA-Courant algebroids obtained in this manner are TA@® 4 T* A described in Section
3.3.2) and the tangent prolongation as in Section of the Courant algebroid
A® A* — M; [(a1,01), (a2, a2)] = ([a1,a2], £4, 02 — ig,daq) for ai,as € T(A) and
1,09 € F(A*)

4. THE CORE OF AN LA-COURANT ALGEBROID

We prove in this section that the core of an LA-Courant algebroid inherits a
natural structure of degenerate Courant algebroid. We discuss some examples and
we deduce a new way of describing the equivalence between Courant algebroids and
symplectic Lie 2-algebroids.
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Theorem 4.1. Let (E,B,Q, M) be an LA-Courant algebroid and choose a La-
grangian splitting. Then the core Q* inherits the structure of a degenerate Courant al-
gebroid over M, with the anchor pg~ = pqdq, the map D = pjd: C= (M) — I'(Q"),
the pairing defined by (11, T2)g+ = (T1,00T2) and the bracket defined by

[m1, 72l = Aogr T2 — Vi, 71
forall T, 1o € T(Q*). This structure does not depend on the choice of the Lagrangian
splitting, and the map Op: Q* — B is compatible with the brackets and the anchors:
pBOB = po~ and
(29) 83[[7'1,7'2}]@* = [8371,8372]
for all 7,7 € T(Q").
Proof. Theorem states that the 2-representation is self-dual and that the 2-
representation and the split Lie 2-algebroid defined by a Lagrangian splitting form
a matched pair. Hence, by §2.5.1] the pairing (-,-)g~ is symmetric. The map
pod: C*(M) — I'(Q*) satisfies (1, p5df)o« = (0qT,podf) = (pelqT,df) =
(pg 0 0g)(T)(f) for all 7 € T'(Q*) and f € C°(M). We check (CA1)-(CA5) in
the definition of a degenerate Courant algebroid (see Page [f]). Condition (CA5) is
immediate by definition of the bracket. Condition (CA3) is exactly (2I]). Note that

(M2) and imply
83[[7]772HQ* == 8B(A8QT17-2 - VBBT2T1>
= Vo,rn0BT2 — [0BT2,0BT1] — Voor, 0T = [0T1, OBTs].
This and pg 0 0g = pp 0 Op (see Remark imply the last claim of the theorem.
In the same manner (M1) and V o0y = Jg o V* (by Definition of a 2-representation)
imply the equation
(30) 8Q[[’7'1, TQ]]Q* = [[8Q71, 8@7’2]]A + 8E<T2, V.aQT1>.
The compatibility of the bracket with the anchor (CA4) follows then immediately
from (30) with , or from with pg 0 0g = pp 0 0. Next we check (CA2)
using (30) and V o 0g = 09 o V*. We have
PQOq(11)(12, T3) - — (I, T2l o> 73) @+ — (72, [11, T3] - ) -
= (12, [0qm1,0q73]a) + (V5,-,71,0q73) — (12, 0g[m1, 3] @+) = 0
since (V3. 71,0Q73) = (0QV5,. ., 71,73) = (Vj,,,(0gT1), 73). Finally we check the
Jacobi identity (CA1). Using and (30, we have for 71,72, 73 € T'(Q*):
([, m2lqr s sl @+ + [7m2, [T, T3l Q- I+ — [0, [72, T3] Q-] @-
= A[ogm,00m]+0% (r2.V.0m1) T3 — Vogr, (Bogn T2 — Vi, ., 1)
+ AaQTQ (A8Q71T3 - vgBmTl) - vFaBTl,aBTg]TQ
- ABQTl (ABQTZT?) - V237'37—2) + vraBTz,aB‘fg]Tl
= Ry (9B73,08T2)T1 + Vi, ., Vi, Tt — Ra(0QT1,0072)Ts + Do, (r,.v.007) T3

*
[0BT1,0BT3

Using the equalities Ra (0gT1,0qT2)73 = (lagriaomnw, 073) by (13)), Rv(0pTs, Opm2)T1 =
R(0pTs,0pT2)0gm by the definition of a 2-representation, and (22)), this is

*
- VEBTSAQQTITQ + AaQTIV(’;BTBm - A6Q72V63T3T1 -V 172

*
- AVan—SaQTlTQ + vanrlaB"'{STZ + <VV.BBT38Q7_17T2>

* * * *
+ VaBTQVaBT:,Tl + Aag (12,V.0q11)T3 — V[aBTl,aBTS]TQ - AaQeraBTSTl'
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By (1)), we can replace

— A, 00m T2t Vi Vo™ — Dogrn Vi, T

== Dogvs, .72+ Vorr, (Vo) = Bogr (Voyr, 1)
by
—VgB(VgBTSTl)TQ — pod(T2,0QV 5, -, 1)

and we get

*annaBTg—[aBﬁ,aBTB]—aB(vaBTgﬁ)ﬁ +(Vv.05m0071, T2)

+ Aos (ry.v.00m) T3 — POA(T2,0V -, T1)
Since Vo, 7, 073 — [0BT1,0873] — 05(Voyr, 1) = 0 by (M2), we finally get
(31) (Vv 05750QT1, T2) + Do (7,v.00m) T3 — PoA(T2,0QVo57,T1).

We write §:= (V.0gT1,72) € I'(B*). Since pgodg = ppodp and Vodg = dgoV,
we find 8 = (9gViT1,72) = (ViT,0972) € T'(B*). To see that (3I), which is a
section of Q*, vanishes, we evaluate it on an arbitrary ¢ € T'(Q). We use and
the definition of a 2-representation and we get

(Vv,05m0QT1, T2) + (Doy 573, 4) — p(0){(T2,0QV 5, 7,T1)
=(Voya,m0q71,T2) + (Dox 573, 0) — po(0){(T2,0Q V5, 7,T1)
=(B,08073) + (Aox573,9) — p(q)(B,9873) = —([q, 0Bl A, T3) + (Aox5T3,q)-

Since the Dorfman connection A is dual to the skew-symmetric dull bracket [-, ],
this is pg(958)(g, T3). Because pg o 0 = 0 by (11), we can conclude.

We finally prove that the degenerate Courant algebroid structure does not depend
on the choice of the Lagrangian splitting. Clearly the pairing and anchor are
independent of the splitting, so we only need to check that the bracket remains the
same if we choose a different Lagrangian splitting. Assume that Xq,39: B Xy Q X s
Q* — E are two Lagrangian decompositions. Then there is ¢ € T'(B*®@Q* AQ*) such
that for all (b, gm, Tm) € B Xar @ X QF, 1 (b, iy Tm) = X2(bm, @y, Tm) +B
(05, 4@ @(bm; ¢m)). Then by Remark 2.12 of [4], we have V37 = Vi1 + ¢(b, 0q7)
for all b € T(B) and 7 € T(Q*). By Proposition 4.7 in [12], we have AZr =
AlT + ¢(0pT,q) for all ¢ € T(Q) and 7 € I'(Q*). Then A%QﬁTg - V3,1 =
AéQTlT2 + ¢(8BT2, 8Q7-1) — V})B,QTl — ¢<83T2,8QT1) = AéQTlTQ — Vém?n. O
Example 4.2 (Tangent Courant algebroid). Consider the example described in
§3-3.1] The degenerate Courant algebroid structure on the core E of TE is just
the initial Courant algebroid structure on E since A ez = [e1, e2] 4+ V(eyye1 by
definition and so

Ael €2 — vp(ez)el = [[617 BQH'

We have hence proved that the Courant algebroid associated to a symplectic Lie
2-algebroid can be defined directly from any of the splittings of the Lie 2-algebroid,
and so does not need to be obtained as a derived bracket.

Theorem 4.3. Let M be a symplectic Lie 2-algebroid over a base manifold M.
Then the corresponding Courant algebroid is defined as follows. Choose any splitting
M ~ Q[-1] ® T*M[-2] of the underlying symplectic [2]-manifold. Then Q ~ Q*
via Og and Q* inherits a nondegenerate pairing given by (T1,0qT2) for 11,72 €
T(Q*). The morphism Orpr: Q@ — TM of the split Lie 2-algebroid structure on
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Q1] & T*M[-2] defines an anchor on Q*. We have further a bracket [-,-]o-
defined on I'(Q*) by [11, 2] g~ = Dogr T2 — {OrmTe, 71} and that does not depend
on the choice of the splitting. This anchor, pairing and bracket define a Courant
algebroid structure on Q*.

Note that the Courant algebroid structure is transported to @ by 8 = 0g: @* —
Q for our result to be consistent with the construction in §3.3.1]

Example 4.4 (Core of the standard Courant algebroid over a Lie algebroid).
Consider now the example discussed in namely the standard LA-Courant
algebroid

TADAT*A——-TM o A*

| l

A— M
over a Lie algebroid A. The degenerate Courant algebroid structure on the core
ABT*M of TA® T*A is here given by pagr+-m(a,d) = pa(a),
((a1,61), (a2,02)) aer=nm = ((a1,61), (pa, pia)(az, 02))
and the bracket defined by

[(a1,01), (a2,02)] a0 = ([a1,a2], £, (a1)02 = ip, (ap)d1)

for all a,a;,as € T'(A) and 6,6;,0, € QY(M). To see this, use Lemma 5.16 in
[9) or the next example; this degenerate Courant algebroid plays a crucial role in
the infinitesimal description of Dirac groupoids [11], i.e. in the definition of Dirac
bialgebroids.

Example 4.5 (LA-Courant algebroid associated to a double Lie algebroid). More
generally, the LA-Courant algebroids (and the corresponding Poisson Lie 2-algebroids)
considered in §3.3.3] and Theorem yield the following application.

A matched pair of 2-representations as in defines two degenerate Courant
algebroids. The first one is C @ A* — M with the anchor pcga~: C & A* - TM
defined by pcga+ = paopryo(da ®9%) = pp o0 opre. The pairing is defined by

((e1, 1), (c2, a2))cpar = (@1, 0ac2) + (a2,04c1)
for all oy, a2 € T'(A*) and ¢1, c2 € T'(C), and the bracket by
[(c1,01), (2, a2)]coar = A(@er,0%01)(C2:@2) = Ve, (c1,01)
= (vaAclc2 — Voge, €1, "€3A61a2 + <v%82a1762> - VBBCZOQ)
— ([Clv 02]7 £19A01a2 - iaACQdAal)'

Note that the restriction to I'(C') of the Courant bracket is the Lie algebroid bracket
induced on C by the matched pair, see
The second degenerate Courant algebroid is C' @ B* — M with the anchor
pcep~: C@® B* — TM defined by ppoprg o(0p ®J%) = pp 0 dp o pre, the pairing
defined by
((c1, 1), (c2, B2))caB+ = (B1,0Bc2) + (B2,0BC1)
for all 1, B2 € T(B*) and ¢1,co € T'(C), and the bracket

[(c1, 1), (e2, B2)|caB = (Vogei €2 — Vo,es €1, Loge, B2 — loge,dBS1)-

Here again, by (ml), the restriction to I'(C) of the Courant bracket is the Lie
algebroid bracket induced on C' by the matched pair, as in
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5. VB-DIRAC STRUCTURES, LA-DIRAC STRUCTURES AND PSEUDO DIRAC
STRUCTURES

In this section, we study isotropic subalgebroids of metric VB-algebroids and
Dirac structures in VB- and LA-Courant algebroids. While we paid attention
in the preceding sections to bridge [2]-geometric objects to geometric structures
on metric double vector bundles, we are here more interested in classifications of
VB-Dirac structures via the simple geometric descriptions that we found before for
VB-Courant algebroids and LA-Courant algebroids.

5.1. VB-Dirac structures. Let (E, B,Q, M) be a VB-Courant algebroid with
core @Q* and anchor ©: E — TB. Let D be a double vector subbundle structure over
B’ € Band U C Q and with core K. Choose a linear splitting ¥: B Xy Q — E
that is adaptedﬂ to D, i.e. such that X(B’ x3; U) € D. Then D is spanned as a
vector bundle over B’ by the sections og(u)|p for all u € T(U) and 77| for all
T e I'(K).

We get immediately the following proposition.

Proposition 5.1. In the situation described above, the double subbundle D C E
over B’ is isotropic if and only if K C U° and A as in sends U@ U to B'°.

Proposition 5.2. In the situation described above, D is mazximal isotropic if and
only if U = K° and A sends U @ U to B'°.

Now we can prove that if D is maximal isotropic, then there exists a Lagrangian
splitting of E that is adapted to D.

Corollary 5.3. Let (E, B,Q, M) be a metric double vector bundle and D C E a
mazimal isotropic double subbundle. Then there exists a Lagrangian splitting that is
adapted to D.

Proof. As before, let U C Q and B’ C B be the sides of D. Then by Proposition
the core of D is the vector bundle U° C @Q*. Choose a linear splitting 3: Qx B — E
that is adapted to D. Then D is spanned as a vector bundle over B’ by the sections
oq(u)|p for all uw € T(U) and 71| for all 7 € T'(U°). As in (6], transform ¥ into
a new Lagrangian linear splitting >’. We need to show that aég (w)|pr —og(u)|p is

equivalent to a section of B'* @ U° for all u € T'(U). But g, (u) — og(u) = A (u,-)
by construction and, since D is isotropic, we have A(u,u’)|p = 0 for all u,u’ €
(V). O

Remark 5.4. Consider a Courant algebroid E — M and its tangent double TE.
Recall from Example 2:2] that Lagrangian splittings of TE are equivalent to metric

5Since D and E are both double vector bundles, there exist two decompositions Ip: B’ X s
Uxpy K — D and I: B Xy Q Xy Q@ — E. Let ©: D — E be the double vector bundle
inclusion, over ty: U — Q and tg/: B’ — B, and with core morphism tx: K — Q*. Then
the map 1™ ovolp: B’ xp U Xy K — B Xy Q X QF defines a morphism ¢ € T'(B'* ®
U*®Q*) by (I7Y 0t o Ip) (b, m, km) = (¢t8(bm), v (um), tic (km) + ¢(bm, um)). Using local
basis sections of B and @ adapted to B’ and U and a partition of unity on M, extend ¢
to € I'B*® Q ® Q). Then define a new decomposition I"1:E > B xy Q xm QF by
ﬁ’l(e) =T1"1(e) +5 (bm,Ogn,—q;(bm,qm)) =T"1(e) +0 (Oﬁ,qm,—dg(bm,qm)) for e € E with
mp(e) = by and mg(e) = gm. Then (ﬁfl 010 Ip)(bm,um,km) = (tp(bm), v (um), tk (km))
for all (by,um,km) € B’ xp U xpr K. The corresponding linear splitting $: B xy Q — E,
S(bm, gm) = ﬁ(bm,qm,ogj) sends (1 (bm), ty (um)) to t(Ip(bm, um, 0K) € o(D).
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connections X(M) x T'(E) — I'(E). Let V be such a metric connection, that is
adapted to a maximally isotropic double subbundle D over the sides TM and
U C E. Define [V]: X(M) x [(U) — T(E/UL) by [V]xu = Vxu € D(E/UL). A
second metric connection V': X(M) x I'(E) — I'(E) is adapted to D if and only if
Vxu—Viu € D(UL) for all X € X(M) and for all u € T'(U). Hence, if and only if
[V] = [V']. We call [V] the invariant part of the metric connection adapted
to D.

The existence of Lagrangian splittings of E adapted to maximal isotropic double
subbundles D will now be used to study the involutivity of D.

Note that in a very early version of this work, we studied VB-Courant algebroids
via general (not necessarily Lagrangian) linear splittings. We found some more
general objects than split Lie 2-algebroids; involving also A € S?(Q, B*) defined
in (B). The study of the involutivity of general (not necessarily isotropic) double
subbundles D of E is therefore also possible in this more general framework, and
yields very similar results.

Proposition 5.5. Let (E,B,Q,M) be a VB-Courant algebroid and D C E a
mazimal isotropic double subbundle. Choose a Lagrangian splitting of E that is
adapted to D and consider the corresponding split Lie 2-algebroid, denoted as usual.
Then D is a Dirac structure in E with support B’ if and only if

(1) 95(U°) C B,

(2) Vybe(B') for allu e T(U) and b € T'(B'),

(3) [u1,us] € T(U) for all uy,us € T(U),

(4) iy,iu,w restricts to a section of T'(Hom(B',U®)) for all ui,us € T'(U).

A Dirac double subbundle D of a VB-Courant algebroid E as in the proposition
is called a VB-Dirac structure.

Proof. This is easy to prove using Lemmaon sections o¢g(u) and 71, for u € T(U)
and 7 € I'(U®). Their anchors and Courant brackets can be described by

O(og(u) =V, € X4(B),  O(r1) = (957)" € X°(B),

(32)  [oq(u),0q(uz)] = oo([ur,uz]) — inyluw,
[oo(u),71] = (Au), [, 7] =0

for all u,uq,us € I'(U) and 7,71, 72 € I'(U°). The vector field V. is tangent to B’
on B’ if and only if for all g € T'((B’)°), ﬁ(fg) = Uy g vanishes on B’. That is, if
and only if, for all g € I'((B’)°), V0 is again a section of (B’)°. This yields (2).
The vector field (Op7)T is tangent to B’ if and only if g7 € T'(B’). This yields (1).
Next, [oq(u), 71] = (A,7) is a section of D over B’ if and only if A,7 € T(U°).
Since A,7 € T'(U°®) for all uw € T'(U) and 7 € T(U®) if and only if [uy,us] € T'(U)
for all uy,up € T'(U), this is (3). Further, og([u1, u2]) takes then values in D over
B’, and so [og(u1), 00 (u2)] takes values in D over B if and only if i,,1,, w restricts
to a morphism B’ — U°. This is (4). O

We get the following result for VB-Dirac structures (with support B) in E.

Corollary 5.6. Let (E, B,Q, M) be a VB-Courant algebroid and (D, B, U, M) CE
a mazimal isotropic double subbundle. Choose a Lagrangian splitting of E that
is adapted to D and consider the corresponding split Lie 2-algebroid, denoted as
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usual. If D is a Dirac structure in E — B, then U inherits a Lie algebroid structure
with bracket [, -]lrwyxr@w) and anchor pglu. This Lie algebroid structure does not
depend on the choice of Lagrangian splitting.

Proof. By (3) in Proposition [-,-] restricts to a bracket on sections of U. For
uy, Uz, uz, Jacy. .(ur, ug, uz) = Opw(uy, uz, u3z) = 0 since w(ui, ug,u3z) =0 € I'(B*)
by (4) in Proposition Hence, U with the bracket [-,-]|r@)xr() and the anchor
polu is a Lie algebroid.

If € T(Q* A Q* ® B*) is the tensor defined as in the proof of Theorem by a
change of Lagrangian splitting adapted to D, then, by Proposition 4.7 in [12],

[[’LL, u/]]l = [[’U/, u/]]Q + 8E¢(u7 ul)
for all u,v’. But since both splittings 3!, ¥?: B x3; Q — E are adapted to D, we
kﬂo/w that o/, (u) and o (u) have values in D, and their difference o) (u) — 03 (u) =
¢(u) is a core-linear section of D — B. Hence it must takes values in U°, and ¢(u, v')
must so vanish for all u,u’ € I'(U). As a consequence, [u,u']1 = [u, u]z. O

The following two corollaries are now easy to prove. The first one was already
given in [T4].

Corollary 5.7. Let (M, Q) be a Lie 2-algebroid, and (E — B,Q — M) the
corresponding VB-Courant algebroid. Then VB-Dirac structures in E are equivalent
to wide Lie 1-subalgebroids of (M, Q).

Proof. A wide Lie subalgebroid of (M, Q) is a wide [1]-submanifold U[—1] of M
such that Qu (p*§) = p*(9(£)), £ € C*°(M), defines a Lie algebroid structure Qy
on U. Here, u: U[—1] — M is the submanifold inclusion.

In a splitting Q[—1] @ B*[—2] of M, the homological vector field Q is given by
7. Choose an open subset V of M with a local frame (w1, ..., Ur, Gri1,---,q1)
of @ over V such that (uq,...,u,) is a local frame for U over V. Let (71,...,7)
be the dual smooth frame for Q* over V. Then we have Qu(f) = p*(ppdf) =
podf +U® for all f € C>(M). This translates easily to py = pq|y. Then we have
Qu(mi +U°) = Qu(p*n) = p*(Q(mx)) = fZ;q([[ui,uj]],Tk)%ﬁj fork=1,...,r.
This shows that the bracket on U must be the restriction to I'(U) of the dull bracket
on I'(Q). Finally 0 = Qu(p*b) = p*(Q(b)) = — 32 j oy Wi, ug, ug ) (b) 7757 for
all b € I'(B) shows that w(uy,us,us) must be zero for all uy,us,us € T'(U). This
is equivalent to (3) in Proposition (with B’ = B). Note that since B’ = B, (1)
and (2) in Proposition are trivially satisfied. Hence we can conclude. O

The Lie algebroid structure on U is the base Lie algebroid from the VB-algebroid
D — B in the following corollary. The proof is immediate.

Corollary 5.8. A VB-Dirac structure (D, B,U,M) in a VB-Courant algebroid
inherits a linear Lie algebroid structure: (D — B,U — M) is a VB-algebroid.

5.2. LA-Dirac structures. Assume now that (E — @, B — M) is a metric VB-

algebroid, and take a maximal isotropic double subbundle D of E over the sides

U C Q and B’ C B. We will study conditions on the self-dual 2-representation

defined by a Lagrangian splitting and the linear Lie algebroid structure on E — @,

and on @ and on B’, for D to be an isotropic subalgebroid of E — Q over U.
Note the similarity of the following result with Proposition |5.5
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Proposition 5.9. Let (E, B,Q, M) be a metric VB-algebroid and (D, B',U, M) CE
a mazximal isotropic double subbundle. Choose a Lagrangian splitting of E that is
adapted to D and consider the corresponding self-dual 2-representation, denoted as
usual. Then D — U is a subalgebroid of E — @ if and only if

(1) 9o(U°) C U,

(2) Vyu e T(U) for allu e T'(U) and b € T'(B'),

(3) [bl, bg] € F(B/) for all bl, by € F(B/),
(4) R(by1,by) restricts to a section of T'(Hom(U,U®)) for all by, by € T(B).

Proof. This proof is very similar to the proof of Proposition [5.5] and left to the
reader. (]

Now let (E,Q,B,M) be an LA-Courant algebroid. A VB-Dirac structure
(D,U,B',M) in E is an LA-Dirac structure if (D — U,B’ — M) is also a
subalgebroid of (E — @Q,B — M). We deduce from Propositions and a
characterisation of LA-Dirac structures.

Proposition 5.10. Let (E, B,Q, M) be an LA-Courant algebroid and (D, B', U, M)
a maximal isotropic double subbundle of E. Choose a Lagrangian splitting of E that
s adapted to D and consider the corresponding matched self-dual 2-representation
and split Lie 2-algebroid. Then D — U is an LA-Dirac structure in E if and only if

(1) 9p(U°) C B' and 0g(U°) C U,

)

) Voyu e T'(U) for allu e T(U) and b € T(B’),

) [u1,u2] € T(U) for all uy,us € T(U),

) [b1,bs] € T(B') for all by, by € T(B'),

) iu,lu,w Testricts to a section of T'(Hom(B',U®)) for all ui,uqs € T'(U),
) R(b1,b2) restricts to a section of I'(Hom(U, U®)) for all by,bs € T'(B’).

Hence, we also have the following result.

Corollary 5.11. VB-subalgebroids (D — U,B — M) of a metric VB-algebroid
(E— Q,B — M) are equivalent to wide coisotropic [1]-submanifolds of the corre-
sponding Poisson [2]-manifold.

LA-Dirac structures (D — U, B — M) in an LA-Courant algebroid (E — Q, B —
M) are equivalent to wide coisotropic Lie subalgebroids of the corresponding Poisson
Lie 2-algebroid.

Proof. Let U[—1] be a [1]-submanifold of a Poisson [2]-manifold (M, {-,-}). Then
U[—1] is coisotropic if and only if p*(&) = p*(n) = 0 imply p*({&,n}) = 0 for all
&,n e C®(M), where u: Q[—1] — M is the inclusion. In a local splitting, we find
easily that this implies dg(U°) C U, Vi7 € I'(U°®) for all b € I'(B) and 7 € T'(U?),
and the restriction to U of R(by1, bs) has image in U°. By Proposition we can
conclude. The second claim follows with Corollary O

As a corollary of Theorem [3.7, Proposition [5.5] and Proposition 5.9} we get the
following theorem.

Theorem 5.12. Let (E, B,Q, M) be an LA-Courant algebroid and (D, U, B, M) CE
a (wide) LA-Dirac structure in E.

Then D is a double Lie algebroid with the VB-algebroid structure in Corollary
and the VB-algebroid structure (D — U, B — M).
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Proof. Let us study the two linear Lie algebroid structures on D. Choose as before a
linear splitting ¥: B x s @ — E that restricts to a linear splitting ¥p: U xy B — D
of D. The LA-Courant algebroid structure of E is then encoded as in Sections
and respectively, by a split Lie 2-algebroid (0p: Q* — B,pg: Q@ —
TM,[-,-],V,w) and by a self-dual 2-representation (V,V*, R) of the Lie algebroid
B on dg = 05 Q" — Q. By Theorem the Dorfman 2-representation and the
2-representation form a matched pair as in Definition [3:1}

By Proposition [5.5|and Corollary|[5.6] the restriction to I'(U) of the dull bracket on
I'(Q) that is dual to A defines a Lie algebroid structure on U, w|ygueg can be seen
as an element of O?(U, Hom(B,U®)) and since A, 7 € ['(U®) for all u € I'(U) and
7 € I'(U°®), the Dorfman connection A restricts to a map AP : T'(U)xT(U°) — ['(U°).
Since AD(fr) = fADT + pg(u)(f)r and A?UT = fADT + (u, 7)ppdf = fAuT
for f € C*°(M), we find that this restriction is in fact an ordinary connection.
Since w(u,ug,ug) vanishes for all uy,uz,us € T'(U), it is then easy to see that
the restrictions to sections of U and U° of (12)), and of (iv) and (v) in the
definition of a split Lie 2-algebroid define an ordinary 2-representation. By 7
this 2-representation (9p: U° — B,V, AP w|ygueg) of the Lie algebroid U on
Op: U° — B encodes the VB-algebroid structure that D — B inherits from the
Courant algebroid E — B.

In a similar manner, we find using Proposition[5.9]that the self-dual 2-representation
(0g: Q" = Q,V,V*, R € O%(B,Q* ANQ*)) restricts to a 2-representation (9g: U° —
U,VV:T(B)xI'(U) — I'(U), VY’ : I(B)xI(U°) — T'(U°), R € Q*(B, Hom(U, U°)))
of B.

A study of the restrictions to sections of U and U®° of the equations in Definition
shows then that (M1) restricts to (m2) in §2.4] since 9%(r, VY - u) = 0 for
all w € T'(U) and 7 € I'(U°). The equations (M2), and (M3) immediately yield
(m3) and (m6), respectively. (M4) restricts to (mb) since (R(-, b)uy,us) = 0 for all
ui,ug € T'(U) and b € T'(B). (M5) restricts to (m7) since the right-hand side of
(M5) in (1) of Remark [3.2] vanishes. Finally, restricts to (m1) and restricts
to (m4) since (Vv pu,7) = 0 for all b € T'(B), u € I'(U) and 7 € I'(U°). Thus,
the two 2-representations describing the sides of D given the splitting X p form a
matched pair, which implies that D is a double Lie algebroid (see [4] or for a
quick summary of this paper). O

Note finally that with a different approach as the one adopted in this paper, we
could deduce the main result in [4] from our Theorem Once one has ‘directly’
proved that for each double Lie algebroid (D, A, B, M) with core C, the direct sum
over B of D and D7y defines an LA-Courant algebroid (D @p (D%),A® C*, B, M)
as in then one can use the last theorem to deduce the equations in from
the ones in Definition and in Remark by construction, the double vector
subbundle D of D &g (D3) is a VB-Dirac structure in D &g (Dy) — B and a
linear Lie subalgebroid in D &p (Dj) — A @ C*. Instead, we have chosen to use
the main theorem in [4] to prove that (D @&p (D3), A® C*, B, M) is an LA-Courant
algebroid, see By the complexity of Li-Bland’s definition of an LA-Courant
algebroid, this is the most simple approach.

5.3. Pseudo-Dirac structures. We explain here the notion of pseudo-Dirac struc-
tures that was introduced in [I4], [I5] and we compare it with our approach to
VB- and LA-Dirac structures in the tangent of a Courant algebroid. Consider a
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VB-Courant algebroid E with core @*, and a double vector subbundle in E with
core K, as in the following diagrams.

E——sQ D——U
£4>]\i4 B——M

Consider the restriction E|y of E to U; i.e. E|y = Wél(U). This is a double vector
bundle with sides B and U and with core @*. The total quotient of E|; by D is
the map q from

to Q*/K ——=0M

I

OM

E‘UH

;

— — M,

defined by

qle) =7 e—1l € D.
After the choice of a linear splitting of E that is adapted to D, we know that each
element of E|;; can be written g (u)(by,)+71(byy) for some u € T'(U), 7 € T(Q*) and
bm € B. The image of 0¢(w)(bm)+71(by,) under q is then simply 7(m). Conversely it
is easy to see that D can be recovered from q. Recall that if e; = o¢g(u1)(bm) +7) (byn)
and ey = og(u2)(bm) + Tg(bm) € E, then

er, e2) = (0Q(u1)(bm) + 7 (), 50 (u2) (byn) + 74 (b))
= LA (ur uz) (Om) + (ua(m), 7a(m)) + (uz(m), 71 (m)).

In particular, (eq,e2) = (mg(e1),q(e2)) + (mg(e2),q(er)) for all e1, ey € E|y if and
only if Alygu vanishes and K = U°, i.e. if and only if D is maximal isotropic

(Proposition [5.2).

Now we recall Li-Bland’s definition of a pseudo-Dirac structure [15].

Definition 5.13. Let E — M be a Courant algebroid. A pseudo-Dirac structure is
a pair (U, VP) consisting of a subbundle U C E together with a map VP: T'(U) —
QY (M, U*) satisfying

(1) VP(fu) = fVPu+df ®(u,-),

(2) d{ur,uz) = (VPur,uz) + (u1, VP9uz),

(3) [u1,uz]p := [u1, uz]e — p*(VPu1, u2) defines a bracket T'(U) xT(U) — I'(U),

(4) and

(33)  (([u1, ua]p, VPuz) + iy, d{VPuz, u3)) + c.p.

+d (<V§(U1)UQ - Vi(w")ul, U3> - <[[U1,U2]]p, U3>> =0
for all uy,us,ug € T(U) and f € C(M).

Consider the tangent double (TE, T'M,E, M) where E is a Courant algebroid over
M. Choose a linear (wide) Dirac structure D in TE, over the side U C E and a
metric connection V: X(M) x T'(E) — I'(E) that is adapted to D. Li-Bland defines
the pseudo-Dirac structure associated to D [15] as the map VP: T'(U) — QY(M,U*)
that is defined by VPu = q o Tw for all u € T'(U). By definition of oy , we have
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Tu = oy (u )+ V.u and we find that VPu(v,,) = V., u = [V],,, u. The pseudo-Dirac

structure is nothing else than the invariant part of the metric connection that is
adapted to D (Remark [5.4). Condition (2) in Definition is then

Um

(34) d<U1, U2> = <TU1,TU2>TE = <U1, va2> + <’UQ7 va1>
for all uy,ug € T'(U) and Condition (1) is
(35) VP(p-u)=V.(p-u)=¢-Vu+dpu=p- - VPu+dpau.

The bracket [-, -], is then

[ui, us]p = [ui, ue]e — p*(VPur, ug) = [ur, uz]e — p*(V.ur, ug) = [ur, uz]v,
the bracket deﬁned in . Finally, a straightforward computation shows that the
left-hand side of (B3] equals RR*(uy,us)*us € I'(B*), which is zero by Proposition
[5.5] Li-Bland proves that the bracket [-,-], defines a Lie algebroid structure on
U. More explicitly, he finds that the left-hand side ¥(u,usg,us) of . defines
a tensor ¥ ¢ QS(U T*M) that is related as follows to the Jacobiator of [-,-],:
Jacp. g, = (B7" o pt)¥. He proves so that (wide) linear Dirac structures in TE are
in bijection with pseudo-Dirac structures on E. Hence, our result in Proposition
is a generalisation of Li-Bland’s result to linear Dirac structures in general
VB-Courant algebroids.

Further, our Theorem can be formulated as follows in Li-Bland’s setting.

Theorem 5.14. In the correspondence of linear Dirac structures with pseudo-Dirac
connections in [15], LA-Dirac structures correspond to pseudo-Dirac connections
(U, VP) such that
(1) U C E is an isotropic (or ‘quadratic’) subbundle, i.e. U+ C U,
(2) VP sends UL to zero and so, by Condition (2) in Deﬁm'tion has image
in U/U+ CEJUL ~U*,
(3) the induced ordinary connection VP: T(U/ULY) — QY(M,U/U") is flat.

We propose to call these pseudo-Dirac connections quadratic pseudo-Dirac
connections. Note that VP equals V: X(M)xT(U/U+) — T(U/U+) Vxu = Vxu,
u € I'(U) and X € X(M), for any metric connection V: X(M) x I'(U) — T'(U) such
that [V] = VP. Such a connection must preserve U by Condition (2) in Proposition
and so also U+ since it is metric. The condition Ry (X1, Xo)u € T(U+) for all
X1, X2 € X(M) and u € T(U) in Proposition [5.9|is then equivalent to Rg = 0.

5.4. The Manin pair associated to an LA-Dirac structure. Consider as

before an LA-Courant algebroid E with sides B and @ and with core Q*, and an

LA-Dirac structure D
E Q D U

B— M B——M

—_— —_—

in E with core U°. Since Jq restricts to a map from U° to U, we can define the
vector bundle
U®Q*

~ graph(—dg|uv-)
This vector bundle is anchored by the map

p: B — TM, pe(u®T) = po(u+ 0gT) = pg(u) + ps(0BT).

— M.
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Note that this map is well-defined because
pr(—0gT B T) = po(—0qT + 0gT) =0

for all 7 € U°. We will show that there is a symmetric non-degenerate pairing (-, -)p
on B x s B and a bracket [-,-Jp on I'(B) such that

(B — M, ps, < ) '>Ev [[ ) ]]B)

is a Courant-algebroid. We define the pairing on B by
(ur ® 71, u2 © T2)m = (ur, 1) + (ua, 72) + (11,0QT2)-

It is easy to check that this pairing is well-defined and non-degenerate and that the
induced map Dg : C*°(M) — I'(B) given by

(D f,u® 1)r = pp(u®7)(f)

can alternatively be defined by Dgf = 0® p5df.

Choose as before a Lagrangian splitting of E that is adapted to D, and recall
that the linear Courant algebroid structure and the linear Lie algebroid structure
on E are then encoded by a split Lie 2-algebroid and by a self-dual 2-representation,
respectively, both denoted as usual. We define the bracket on I'(B) by

(36)
[ur © 71, u2 © 2]
=([u1,u2]u + Vogruz — Vogrur) © ([11, 2] g + Au, T2 — Ay, 71 + pod (71, u2))-

A quick computation as the one at the end of the proof of Theorem show that
this bracket does not depend on the choice of Lagrangian splitting.

Theorem 5.15. Let (D,U, B, M) be an LA-Dirac structure in a LA-Courant alge-
broid (E,Q, B, M). Then the vector bundle

UodQ*

=~ s M,
graph(—0g|ue)

with the anchor pg, the pairing (-,-)p and the bracket |-, ]g, is a Courant algebroid.
Further, U is a Dirac structure in B, via the inclusion U — B, u+— u @ 0.

The proof of Theorem [5.15] can be found in Appendix [A]

Corollary 5.16. Let (D,U,B, M) be an LA-Dirac structure in an LA-Courant
algebroid (B, B,Q, M) (with core Q*). The Manin pair (B,U) defined in Theorem
and the degenerate Courant algebroid Q* satisfy the following conditions:

(1) There is a morphism ¢ : Q* — B of degenerate Courant algebroids and an
embedding v: U — @Q over the identity on M

(2) ¢ is compatible with the anchors: pg ot = pglu,

(3) ¥(Q*)+U =B and

(4) (P(1),u)yp = (L(u),7) forall T € Q* and u € U.

Proof. Take an LA-Dirac structure (D,U,B, M) in an LA-Courant algebroid
(E,Q, B,M). The morphism t: Q* — B defined by ¢(7) — 0 ® 7 is obviously
a morphism of degenerate Courant algebroids. Conditions (1)—(4) are then immedi-
ate. (]
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Conversely take a Manin pair (B, U) over M satisfying with Q* the conditions in
Corollary and identify U with a subbundle of Q. If 7 € U° C Q*, then (1)
satisfies

(u,(7))B = (u,7) =0
for all w € U. Since U is a Dirac structure, we find that 1 restricts to a map
U° — U. Conversely, we find easily that ¢(7) € U if and only if 7 € U°. Next
choose 71 € U° and 15 € Q*. Then since ¢ () € U,

(P(11), m2) = (1), ¥(72))8 = <T1,72>Q* = <3QT17T2>,
which shows that ¢|y. = Og|ye. In particular, dg sends U° to U, and U° is
isotropic in @Q*. Consider the vector bundle map U & Q* — B, (u,7) — u + (7).
By assumption, this map is surjective. Its kernel is the set of pairs (u,7) with
u = —1(7), i.e. the graph of —0g|y.: U° — U. It follows that
UadQ*
37 B~ .
(37) graph(—0dg|ye: U° — U)

Hence, we can use the notation u @ 7 for u + ¢ (7) € B.

In the case of an LA-Courant algebroid (TA®AT*A, TM & A*, A, M) as in §3.3.2]
for a Lie algebroid A, we could show in [I1] that Manin pairs as in Corollary [5.16
are in bijection with LA-Dirac structures on A. That is, given a Manin pair (B, U)
with an inclusion U — TM @ A* and a degenerate Courant algebroid morphism
A®T*M — B satisfying (1)—(4), then via (37)), there exists a Lagrangian splitting
of TA®4 T*A such that the Courant bracket on B is given by .

APPENDIX A. PROOF OF THEOREM [5.15]

Note that in the following computations, we will make use of the identity dq = 0,
without always mentioning it. We begin by proving the following two lemmas.

Lemma A.1. Consider an LA-Courant algebroid (E, Q, B, M). The bracket [-, -] o+
on sections of the core Q* satisfies the following equation:

R(0pT1,08T2)q = — Ay, 2]+ + [Ag71, 2] 0 + [11, AgT2] 0
+Av,,,aT — Ay, T2 — pod(T1, Vo)
for all g e T'(Q) and T, 7 € T'(Q™).

Proof. The proof is just a computation using (M1) and (22)). We have
Ag[rimlo — [Agm1, mellor — [11, Agme] @ + Av,, ., qT2
—Av,,..q71 +p5d(T1, Voyr,q)

=8;A00m T2 = AgV5 T — Doga,m)T2 + Vi, AqT1 — Aogr, AgT2

(38)

+ Vosa,m T H Ao, T2 = Avy,,,qT1 + AT, Vogr,q)

Replacing AgAp,r, T2 — Dogr, AgTa by Ra(q,0gT1)Te + Afg0,+]72 and reordering
the terms yields

RA(CI, aQTl)TQ + A[[q,aQTl]]—aQ(Aqu)-‘rVaBTlqTQ - A(IVBBTQTl + VBBTquTl
+ VBB(AQTQ)Tl - AVaBT2q7_1 + p*Qd<7_1a v@B'rz(D'

Since Ra(q, 0gm1)72 = (9o iqw, OpT2) by (13)), we can now use (22)) and V,00p =
Op o A, to replace

RA(q,0qm1)T2 — AV, T + Vi, A¢m1 — Avy ot + VY 0,7, T
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by —<VV.8B7—2(L T1)+R(0pT2,071)q. We use (M1) to replace AquyaQTI]]_aQ(A(ITl)J’_vaBTl q72
—Apx (r,,v.q)T2- These two steps yield that the right hand side of our equation is

— (Vv 050 1) + R(OBT2,0871)q — Doy (r, v.q) T2 + poA(T1, Vg, q).
To conclude, let us show that
(Vv 05ma 1) — Do (r,v.q)T2 + pod(T1, Vapnq) € T(QY)
vanishes. On ¢’ € T'(Q), this is
— (Vv 0580 11) + ([05(V.q,71), '], ) + pa(d)(m1, Vopr,q)
— (Vv (05m) ¢ T1) + (Ag72,05((V.q,71)))
— (Vv (05m)¢ 1) + (Voga, )¢ 1) = 0.

We have used and in the first line, as well as for the first equality. To
conclude, we have used dp o Ay = V4 0 dp by (12). O

Lemma A.2. The bracket on Q* satisfies
(39) [pgdf,mlq- =0
forall f € C®°(M) and T € T(Q*).

Proof. By (21)), we have lpodf. o~ = VoppndfT— AaQT( Qdf)—i—de(( 00aT)f).
But dppgy = 0 by (L1) and Ag,-(p5df) = de(pQ doT)(f)) by @)- O

Now we check that the bracket [-,-]p in Theorem is well-defined. We have
for all v e I'(U®), 7 € T(Q*) and u € T'(U):

[ua T, (=0gv) ®v] = (—[u, 0gv]u + Vag-(—0gv) — Vag,u)
@ ([r, vlgr + Awv — A_gguT + pod(T, —9qu)) .
By (M1), the properties of 2-representations and , this is
(—00(Aw) + 95 (v, V.u) + Nogot — 0oV, v — Vogot)
& (—Logo + Vourv + podF000) + Ayv + Asgor — ppdiz050))
= (=0g(Ayv) + 05 (v, V.u) — 99V, v) & (Vv + Ayv).

Since v € T'(U®) and V,, preserves I'(U) for all b € I'(B), the section (v, V.u) of B*
vanishes and we get

[u® 7, (—9gu) ® v] = (—=0g(Awv + Vi, ,v)) ® (Vi v+ A).
Because A, preserves as well I'(U°), the sum V3 v + A,v is a section of U°, and
so [u® 7, (—0qv) ® v] is zero in B.

We now check the Courant algebroid axioms (CA1), (CA2) and (CA3). The last
one, (CA3), is immediate:

[ur @ 11,u2 @ 2]r + [ue ® T2, u1 B 11l
=08 (pHd(m,0gT2) + pHd(T1, uz) 4+ p5Hd(r2,u1)) = 0@ pHd(ur & 71,us B T2)
= Dy(uy ® 71, u2 ® T2)B.
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Next we prove (CA2). We have, using to replace [11,T2]g+ by —Aoyrm1 +
Vopn T2 + pod(T1,0qT2):
([ur @ 71, uz ® To]B, uz B 73)B
= ([ur, u2]v + Vogruz — Voyr,u1,73)
+ (= AogrT1 + Vi, T2+ pod(T1,0qT2) + Ay, T2 — Ay, 71 + pod(T1, u2), uz + 0QT3)-
We sum (Ju; @ 71, us B To]lp, us ® 73)p with (us & 72, [ur & 71,u3 ® 73]E)E, and
replace only in the first summand the term (A, 72, dg73) by pg(u1)(T2, 0gTs) —
(T2, [u1, OgTs]l). This yields
([ur @ 11, u2 © 2], u3 D T3)B + (U2 D T2, [us @ 71, u3 © T3]B)B
= pq(u1)(uz, 73) — (U2, A773) + (Voyruz — Vogr,u1,73)
— (Dogra T us) + (Vi T2, us) + po(us) (11, 09T2) + (Durrriliz) — (Ay,T1,us)
+ pq(ug) (71, u2) = (Bagr,m1,073) + (Vo,r, T2, 0073) + pQ(0gTs) (11, 0gT2)
+ pQ(u1)(72,0q7s) — (72, [u1, 0Ts]) — (Au,T1,0073) + pQ(9QTs)(T1, uz)
+ pq(u1)(us, m2) — w72) + (Vogrus — Vogrui, T2)
— (Aogrs T, u2) + (V. T3, uz) + po(uz) (1, 0gTs) +W (A, 71, u2)
+ pq(u2)(T1, us) = (Rogr, 1, 0q72) + (Vi 73,0q72) + po(9qT2)(T1,0Ts)
+ (Ay, 73, 00T2) — (A, 71, 00T2) + pg(0gT2)(T1, us).
We reorder the remaining terms and replace eight times sums like pg(9g2) (71, us) —
(Aoyr,T1,u3) by ([0gT2,us], 1) , and three times sums like (Vg, ., us,73) +
(ug, VBBTng) by pg(9p71){us,73). This leads to
([ur ® 71, u2 © 2], uz © 73)B + (U2 © T2, [u1 © T1,u3 ® T3])B
= pg(u1)(us & T2, us O T3)B
+ ([0gre- gl 1) + {[Ogrectrati i) + ([us daralimr) + (lusrustri)
+ usrusts 7] + ([Op7sreat 1) + ([ue-domstim) + ([0 2l )
+ pB(9BT1)(u2, T3) 4+ pB(IBT1)(T3,0QT2) + pB(OBT1)(U3, T2)
—(Voagrt1,Ts) — (T2, [u1,0073]) — (Vagrt1, T2) + (Ay, 73,00 T2).

The four last terms cancel each other by (M1) and dg = 7). This yields

(Tur & 71, u2 & 1], us & T3)B + (U2 B o, [Uur & T1,u3 B 73])B
= (pq(u1) + ppOBT1)(U2 ® T2, U3 © T3)B = pB(UI D T1){U2 B T2, U3 D T3)B-

Finally we check the Jacobi identity in Leibniz form (CA1). We will check that
Jacp. .j(u1 @ 71, u2 © T2,u3 © 73) = (—0qu) B

with v = (R(0pT1, 05T2)us — (lu,lu, w, Op73)) +cyclic permutations. Since by Propo-
sition iy, 1y, w has image in U° for all uy,us € T'(U) and R(by, b2) restricts to a
morphism U — U®° for all by, by € T'(B) by Proposition v is a section of U° and
so Jacy. .j(u1 @ 71, u2 @ T2, u3z © 73) Will be zero in B.
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Using (29), (3), and (1)), we find

[[w1 & 71, u2 @ T2]], us ® 73]
:(MU17U2HU7U3]]U +[Vognuz — Vagrui, uslu
+ V(0pm1.0572]405 (A, 72— Auy ) U3 — Vogr ([u1, u2]u + Vo us — VaBmm))
b ([[[[71’72]]@773]}@* + [Au, 72 = Ay, 71, 73] 0
+ ALus sl o+ Vo us—Voprpur T3 — Dug ([71, T2l @r + Auy 72 — Ay 71)

+ pod ([, 2l + Auy 72 — Au27—17U3>>-
In the same manner, we compute

[ur ® 11, [ug & T2, us @ 73]
= IIul & 71, ([[UQau3ﬂU + vaBT2u3 - vaBT3u2) S ([[TQ’T?’]]Q* + Au27’3 - AWSTQ + p*Qd<72’u3>)]]

= ([[Ul, [uz, uslu]u + [u1, Vogrts — Vogrus]u
+ VBBTl ([[UQ) US]]U + V63T2u3 - V3373u2) - v[8372,33T3]+8B(Au2T;;—Aua‘rg)ul)

@ (In. [z, slla-lo- + [, Auas = Augallo- + plpd(pa(0gm) (72, us))
+ Ay ([r2, 3] Qr 4+ Duy T3 — Dy 72) + p*Qd(pQ(ul)<T2v ug)) — A[[uz,usﬂu+V6372u3—VaB73u27—1

+ Png<7'1, [[u27 u3]]U + vasmu?) - vaB7-3U2>)

Since Jacy. ., (u1,u2,u3) = 0 and dp 0 Ay = V, 0 dp for all ¢ € T'(Q), the U-term
of Jacy. .j(u1 @ 71, uz @ T2, u3 ® 73) equals

[Vogruz — Vogrui, us]u

+ V10pm1,057]4 YV, 0572V, 051 U3 — Vogrs ([ur, u2]u + Vozr,us — Vo r,ua)
+ [uz, Vogrus — Vagru1]u

+ Vogr ([, us]uv + Vosrus = Vogr1) = Vioyr 054V, 0575V, o5 U2
— [u1, Vogrus — Vogruz]u

- Vang ([[UQ, U3]]U + V83T2u3 - v85T3u2) + v[aBTQ,BBT;;]JrVuQ837’37Vu3637'2ul'

Note that since for any b1,bs € I'(B), R(by, b2) restricts to a section of Hom(U, U®°)
(see §5.2), the last summand on the right hand side of (M4) vanishes on sections of
U. By sorting out the terms and using (M4) on sections of U, we get

— Ry (0pT3,0pT1)us — Ry (0pT1,08T2)us — Ry(0pT2,0pTs)u1
+ 6Q <iU2iu1w, 8BT3> + GQ(iu3iu2w, 837’1> + 8Q<iuliu3w, 8372>.
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Since Ry = 0¢ o R, this is —Jgv. We conclude by computing the Q*-part of
Jacp. (w1 @ 71, u2 & T2, u3 © 73). Again, because Jacy. . (71,72,73) = 0, we get

[[Au17—2 - Au27—17 TS]]Q* + A[[ul7U2]]U+V8371u2_v837-2u17—3 - Aue,([[ﬁv TQ]]Q* + Au17—2 - Aule)
+ pod ([T, ] + AaTs — DAazTi, uz) + [12, Auy 3 — AuyTi] o + pod(pq(0T2) (1, us))

+ Ay ([11, 3] Qr + Auy 3 — Auymi) + pod T,U3)) = ALuy uslu+ Vo, r, us—Veoy, r s T2

+ p*Qd T27M+ V3B7'1u3 - vaBT3u1> - H7_17 AU27_3 - AU:STQ]]Q* - p*Qd(pQ(aQTl)<TQ’u3>)
— Aul [[TQa TS]]Q* + Au27-3 - AusTQ) - p* d 25 U3>) + A[[u27u3]]U+v3572u3_v3373u27-1
— ngd T1,M+ V8372u3 - v8373u2>

The six cancelling terms cancel by . Reordering the terms, we get using Lemma

AT

o~ N~

— Ra(us, )72 — Ra(uz,uz)mi — Ra(ug,u2)73

+ R(0pTe,0pT3)u1 + R(OpT1,0572)us — R(OpT1,0873)us

— pod(72,0Au, 1) + pod ([11, T2l @ us) + pod(pQ(9gT2)(T1, us))
+ pod(2, Vogr,uz) — pod(pq(9gT) (T, us)).

For the second use of Lemma we had to replace —[72, Ay, 1] g+ by [Au, 71, T2] @+ —
PHA(T2, 0gAyy71). This is why we get the first term on the third line. Using ,
we get v + podf with f € C°°(M) defined by

f = — <T278QAU37'1> + <A3Qﬁ7‘2 — VBBT27'1,'LL3> +pQ(8Q’7'2)<’7'1,’U,3>
+ (72, Vagn us) — pq(0qT1)(Te, us)
=(12, —0QAu;T1 — [0T1, us] + Voyr us) + pg(0qT2){(T1,u3) — (Vi,r,T1,Us)-

By (M1), the first pairing equals —(71, Vg,r,us). Hence, we find f = 0 using
ppo0p = pg o dq. We have proved Jacp. .j(u1 @ 71, uz ® T2, u3 & 73) = (—0qv) D .
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