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Abstract. We show that a modular class arises from the existence of two gen-
erating operators for a Batalin-Vilkovisky algebra. In particular, for every triangular
Lie bialgebroid (A, P), such that its top exterior power is a trivial line bundle, there
is a section of the vector bundle A whose dp-cohomology class is well-defined. We
give simple proofs of its properties. The modular class of an orientable Poisson mani-
fold is an example. We analyse the relationships between generating operators of the
Gerstenhaber algebra of a Lie algebroid, right actions on the elements of degree 0,
and left actions on the elements of top degree. We show that the modular class of
a triangular Lie bialgebroid coincides with the characteristic class of a Lie algebroid
with representation on a line bundle.

1 Introduction.

We present the definition and properties of the modular class of a triangular Lie
bialgebroid such that its top exterior power is a trivial line bundle. This is only a
slight generalization of the theory of modular vector fields of orientable Poisson
manifolds. However, we believe that it is important to show that the existence
of a modular field is due to the existence of two different generating operators
for a Batalin-Vilkovisky algebra. The main features of the construction are
valid in the more general algebraic framework of Lie-Rinehart algebras and
their associated Gerstenhaber algebras [9] [10]. The modular field is then an
element of the dual over the base ring of the Lie-Rinehart algebra. To simplify,
we restrict most of our remarks to the case of Gerstenhaber algebras associated
to Lie algebroids.

The modular vector field of an orientable Poisson manifold was defined, under
the name of a “curl” (“rotationnel’) by Dufour and Haraki [5] who showed that
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it preserves the Poisson structure, and used it to classify the quadratic Poisson
structures on a 3-dimensional vector space. It was also used by Liu and Xu
in [16], and by Grabowski, Marmo and Perelomov in [8]. In [24], Weinstein
showed in what sense the modular vector field is the infinitesimal generator of
the analogue in Poisson geometry of the modular automorphism group of a von
Neumann algebra, and he introduced the modular class. See also [25]. In [6],
Evens, Lu and Weinstein defined the modular class of a Lie algebroid and proved
that the modular class of a Poisson manifold (M, P) is one-half the modular class
of T*M, the cotangent bundle of M with the Lie algebroid structure defined
by P, according to formula (3) below. In [26], Xu related the study of modular
vector fields on Poisson manifolds to the notion of a Gerstenhaber algebra, more
precisely to that of a Batalin-Vilkovisky algebra (BV-algebra). A full algebraic
theory was developped by Huebschmann in [10] [11] and [12].

Here, we show (Section 4) that the existence of a closed (in the Lie algebroid
cohomology) section of the dual E* of a Lie algebroid E follows from the exis-
tence of two distinct generating operators of square zero for the Gerstenhaber
bracket on the sections of A E. When E = A* where (A, P) is a triangular
Lie bialgebroid such that its top exterior power is a trivial line bundle, we ob-
tain (Section 5) the definition of its modular field, which is a section of the Lie
algebroid A. In the particular case of the triangular Lie bialgebroid (T'M, P)
of an orientable Poisson manifold (M, P), we recover the modular vector field
of the Poisson manifold, a section of T'M. Section 6 deals with the notion of
“Laplacian”.

We then show how the notions of representations and right actions connect
our results with those in the literature. We show (Section 7) that it is possible
to modify the right action of the Lie algebra of the elements of degree 1 on
the elements of degree 0 in a Batalin-Vilkovisky algebra by the addition of the
cocycle defined by the restriction of the generating operator of the bracket, and
we recover the right action of differential 1-forms on functions on a Poisson
manifold discovered by Huebschmann in [10]. More precisely, as shown in [10],
there is a one-to-one correspondence between generating operators and right
actions on the elements of degree 0. In Section 8, we explain the one-to-one
correspondence between generating operators of the Gerstenhaber algebra of a
Lie algebroid, F, and left actions on the elements of top degree. If, in particular,
the top exterior power of the Lie algebroid is a trivial line bundle, the choice
of a nowhere vanishing section A of this bundle uniquely determines both a left
action V* of the sections of the Lie algebroid on the line bundle and a generator
Oy of the Gerstenhaber algebra of the Lie algebroid. In fact, VAA = 0 and 9y
is nothing but the Lie algebroid differential transported to the sections of the
exterior powers of the Lie algebroid itself by means of the isomorphism defined
by A between sections of A E and sections of A\ E*. We show (Section 9) that
the modular class considered here coincides with the characteristic class of a Lie
algebroid with a representation on its top exterior bundle in the sense of Evens,
Lu and Weinstein [6], and therefore, when the triangular Lie bialgebroid is the



one associated to a Poisson manifold (M, P), it is also one-half the modular
class of the Lie algebroid T* M, which is itself one-half the modular class, in the
sense of Huebschmann [10], of the associated Lie-Rinehart algebra.

2 Gerstenhaber algebras, Batalin-Vilkovisky al-
gebras and Lie algebroid cohomology.

We first recall some definitions. A Gerstenhaber algebra is a graded commu-
tative, associative algebra, A, equipped with a bracket, [ , ], of degree —1,
which makes A[1] a graded Lie algebra, where A[1]* = A¥*! and such that, for
a € A[1}%, [a, . ] is a derivation of degree k of A.

A Batalin-Vilkovisky algebra (hereafter, BV-algebra) is a graded commuta-
tive, associative algebra, A, equipped with an operator 9 of degree —1 and of
square 0 such that

[a, 8] = (=1)!*/(8(ab) — (9a)b — (~1)*la(00)) , (1)

for a € Al*l b € Al defines a Gerstenhaber algebra structure on A (see [15]).
In this case we say that 0 generates the bracket [, ] of A, or that 0 is a gener-
ating operator for the bracket. BV-algebras are also called exact Gerstenhaber
algebras [13] because, in the preceding fundamental formula, the bracket, seen
as a 2-cochain on A with coefficients in \A, is the graded Hochschild coboundary
of O with respect to the associative multiplication. It follows from the definition
of O that it is a derivation of the bracket of A, thus (A[1],9) is a differential
graded Lie algebra. See [15] and, for a recent reference, [19].

One can also introduce a more general notion of a generating operator of a
Gerstenhaber algebra, one that satisfies (1) but which is not necessarily of square
0. But in this paper we shall only consider generating operators of Gerstenhaber
algebras of square zero, which we choose to call “generators”, although they are
more often called “exact generators”. Thus, we adhere here to the following

CONVENTION. The generating operators of Gerstenhaber algebras are as-
sumed to be of square 0.

A strong differential Gerstenhaber algebra is a Gerstenhaber algebra with
a differential, i. e., a derivation of degree 1 and of square 0 of the associative
algebra, which differential is also a derivation of its bracket. A strong differential
BV-algebra is a BV-algebra with a differential that is also a derivation of the
bracket.

Any Lie-Rinehart algebra [9] defines a Gerstenhaber algebra, and conversely.
If A is a Gerstenhaber algebra over a field k, then (A%, A') is a Lie-Rinehart
algebra, more precisely, A is a (k, A%)-algebra, namely, A" is a commutative
k-algebra and A! is an A%-module and a k-Lie algebra which acts on A° by
derivations, such that (fa).g = f(a.g) and [a, fb] = f[a,b] + (a.f)b, for [ €
A% and a,b € A'. Conversely, if A' is a (k, A%)-algebra, then A 4 A' is a



Gerstenhaber algebra over k. (See [7].) If A! is a (k,.A%)-algebra, and if A*
is a projective A°-module, the cohomology of A! with coefficients in A° is the
cohomology of the complex (Alt 40 (A, A%),d), where d is defined by a formula
[21] generalizing both that of the de Rham differential and that of the Chevalley-
Eilenberg differential, using the Lie bracket of A' and the left action of A' on
A°. More generally, one can define the cohomology of A! with coefficients in a
left (A°, A')-module, and the homology of A" with coefficients in a right (A°,
Al)-module. See [9]. We recall that an A°-module, M (resp., N), which is also a
left (resp., right) A!'-module is called a left (resp., right) (A°, A!)-module if, for
each m € M (resp., n € N), (fa).m = f(a.m) and a.(fm) = f(a.m) + (a.f)m
(resp., n.(fa) = (nf).a and (n.a)f = n.(fa) + n(a.f)).

If E is a Lie algebroid with base M and anchor p (see [17] [23]), the space
of sections of E is an (R,C°(M))-algebra, and there are related structures
naturally defined on the sections of the exterior bundle of E and its dual [14]
[18].

(7) The space of sections of A E (the Whitney sum of the exterior powers of
the vector bundle E) is a Gerstenhaber algebra. The Gerstenhaber bracket on
I'(A\ E), denoted by [, ]g and often called the Schouten bracket, extends the
Lie bracket of T'(E) = T(A" E) to [(A E), and is such that [a, f]g = p(a)f,
for f € C°(M),a € T(E). The Lie derivation by a € T'(E) is the derivation
LE =1a, .|g of T(\E).

(i) The space of sections of A\ E*, where E* is the dual vector bundle of
FE, is a differential graded commutative, associative algebra. The differential on
T'(A\ E*), denoted by dg, is called the de Rham differential. The cohomology
of the complex (I'(A E*),dg), called the Lie algebroid cohomology of E with
coefficients in C°°(M), is the cohomology of the Lie-Rinehart algebra A* = T'(E)
with coefficients in A° = C°°(M). For a € I'(E), the Lie derivation of I'(\ E*)
is the operator £, = [ia, dg], where the bracket is the graded commutator of
operators.

We denote the interior product of a section « of A E* by a section a of
N\ E by iqa. Our convention is that i = 94,%a,---lay_,%a,, for a decomposable
element @ = a; A az A ... A ag, where a; € T'(E),j = 1,2,...,k. Under this
convention (see, e. g., [4]), the Schouten bracket of multivectors a,b € I'(A E)
satisifies

i[avb]E = [‘Caaib] = [[iaadE]aib] . (2)

Remark. Many authors, including those of [6], [26] and [20], adopt a different
sign convention for the interior product, namely they define the interior product
by a decomposable element a = a1 Aag A ... A ag as 4, %, ;---lagla,- We shall
denote this other interior product by i,. The two operators are related by
i, = (1), . In particular, if P is a bivector, then ip = —ip. This fact
explains the sign differences between some of their formulae and ours.



When FE is a vector bundle of rank n, we denote \" E by \*P E.

We shall use the notation 0, with or without a subscript, for operators of
degree —1, and the notation d, with or without a subscript, for operators of
degree 1.

3 Triangular Lie bialgebroids.

We now recall the definition and main properties of triangular Lie bialgebroids.
A Lie bialgebroid is a pair (A4, A*) of Lie algebroids in duality such that d4-
is a derivation of [, 4. Then [18] [13] d4 is also a derivation of [, ]a«.
In particular, a triangular Lie bialgebroid is a pair (A, P), where A is a Lie
algebroid and P is a section of \* A such that [P, P]4 = 0. Then

[, Blp = Lpsaf — Lpsga — da(P(a, B)) (3)

for o, 3 € I'(A*), defines a Lie algebroid structure on A*, with anchor p, = poP%,
where P*(a)(3) = P(a, 3), and p is the anchor of A. Furthermore, (A, A*) is
a Lie bialgebroid. We use the same notation for the extension of [ , |p to
the Gerstenhaber bracket on the algebra I'(A\ A*). In this case, the de Rham
differential on T'(A A) is denoted by dp. It was proved in [1] and [14] that

dP:[Pv']A' (4)

From this property it follows that (I'(A A),[ , ]a,dp) is a strong differential
Gerstenhaber algebra.

We also know ([15] [13]) that T'(A\ A*) has a BV-algebra structure, since its
Gerstenhaber bracket, [, |p, is generated by the generalized Poisson homology
operator,

op = [dA’iP] ) (5)

where dy4 is the de Rham differential on I'(/\ A*) coming from the Lie algebroid
structure of A, and ip denotes the interior product by P. In this formula, the
bracket is the graded commutator of operators. This operator was introduced
by Koszul [15] and studied by Brylinski in [2]. It is sometimes called the Koszul-
Brylinski operator.

It follows from the general result on BV-algebras recalled in Section 2 that
the operator dp is a derivation of the bracket [ , ]p. Moreover, the de Rham
differential, d 4, is a derivation of the bracket [, ]|p, so that (T'(A A*),0p,da)
is a strong differential BV-algebra.

The main example of a triangular Lie bialgebroid is a pair (T'M, P), where
T M is the tangent bundle of a manifold M and P is a Poisson bivector on M.
In this case, [, ]p is a Lie bracket on the vector space of differential 1-forms on
M, and its extension to I'(A T*M) is a Gerstenhaber bracket on the algebra of
differential forms on M, which was defined by Koszul [15].



Remark. The operator [ip,d] introduced in [15], where it is denoted by V,
is the opposite of the operator that we have denoted here by dp. (Although the
convention for the interior product is not explicitly stated in [15], it is clear from
the context that it is the one that we have adopted here, ip, and not ip.) It
generates the bracket denoted there by [, ], which satisfies [df, dg] = —d{ [, g},
and is therefore the opposite of the bracket [, |p defined by (3).

Just as Lie bialgebras in the sense of Drinfeld are examples of Lie algebroids
(whose base is a point), triangular Lie bialgebras (g, r) are examples of triangular
Lie bialgebroids, with base a point. Here, 7 is in /\2 g. In this case, d4 is the
Lie algebra coboundary operator dy defined by the Lie algebra structure of g,
and 0, = [dg, i-] generates the bracket of g*. For &, n € g*,

(€] = adfeen — ady, € = —(0-(EAN) = () An+EA(Orm)) . (6)

4 Generating operators of Gerstenhaber alge-
bras and modular classes.

We first prove a generalization of formula (2.4) in [15].

Proposition 1 Let (A, 0) be a BV-algebra with the Gerstenhaber bracket | , ]
defined by (1), and let us assume that A = N\ 4o A'. If€ is in Hom g0 (A 40 A, A”),
then

[0,i¢] = —iag - (7)

Proof. If O generates the bracket, it satisfies, for f € A a € A, 3(fa) =
fOa — la, f]. Since igra = (df)(a) = [a, f], (7) holds for £ € A". Let £ be in
(A')* = Hom 40 (A, A°). Using (1), we can compute [0, i¢](a A b) for a,b € A'
in terms of the bracket of A, and we obtain

[0, i¢](anb) = [a, < &b >]=[b, < § a>]— <& [a,b] >= (d§)(a,b) = —iae(and),

(8)
by the definition of the cohomology operator d of A! with coefficients in .A°.
Since [0, i¢] is A%-linear and of degree —2, formula (7) holds for £ € A, It is
easy to see, using the relation igr, = igi, for £, € A, that (7) holds for forms
of all degrees.

If 9’ is another operator which generates the same bracket, then &' — 9 is
A%-linear and therefore its restriction to A' defines an element ¢ in (A')* such
that, for any a € A, (' —9)a =< &, a >. Since &' — 9 is a derivation, it follows
that, for any a € A, (0’ — 0)a = i¢a. So, any two generating operators of A
define an element & in (A')*. This element is in fact closed in the cohomology
of A! with coefficients in A%, as we now show.



Proposition 2 Let 0 and 3’ be operators that each generates the Gerstenhaber
algebra (N 40 A', [, ]). Then the element & of (A')* such that &' — 8 =i¢ is a
1-cocycle of At with coefficients in A°. Conversely, if O is a generating operator
of A= Ao A" and if £ € (A")* is a 1-cocycle of A" with coefficients in A°,

then 0 + i¢ is also a generating operator.

Proof. We assume that ¢’ — 0 = ie. The graded commutator [9',0'] is
equal to [0,0] + 2[0,i¢]. Since by assumption, 9 = 92 = 0, it follows from
(7) that d¢ = 0. Conversely, if 0 is a generating operator of the bracket, and
if &' = O + i¢, then, since i¢ is a derivation, 9" also satisfies (1). Furthermore,
(0")? = 0, since 9> = 0 and ¢ is a 1-cocycle, and therefore ' is a generating
operator.

In Proposition 3.2 of [26], Xu proves this result for the case of the Gersten-
haber algebra of a Lie algebroid, making use of flat connections as in Section
8. See also Theorem 2.6 in [22], for the case where A' is the Lie algebra of
derivations of a commutative ring and ¢ is an exact 1-form, df.

In the rest of this paper, we shall consider those cases where 9 is a fixed
generating operator, and where, by varying 9, we obtain equivalent 1-cocycles,
£or. In those cases, the class of £y in the cohomology of A! with coefficients
in A° is well-defined, and we shall call it the modular class of the BV-algebra
(A, ).

5 The modular class of a triangular Lie bialge-
broid.

Let A be a Lie algebroid of rank n. We assume that there exists a nowhere
vanishing element p in T'(A'*" A*). Such a section defines an isomorphism *,, of

/\ A onto A\ A* such that, for each degree k, 0 < k <n, x,: A a— \"F A
This isomorphism is defined by

*uQ =iqQu, (9)

for Q e (A" A),k >0, and %, f = fu for f € T(\" A) = C>(M). (We denote
by the same letter a morphism of vector bundles and the map on sections that
it defines.)

Let us introduce the operator

0 :7*;1 da *, (10)
on T'(A A).

Proposition 3 The operator 0, is of degree —1 and of square 0, it generates
the Schouten bracket of T(/\ A) and it is a derivation of the Schouten bracket.



Proof. We first prove that
Lxp=(-1)F # (0pX) (11)

for X € T(\" A). In fact, this equality follows from the fact that, on forms of
top degree, Lx = —(—1)*d4ix, and from the definition of Oy

Now, let X be in T(A" 4) and Y in T(A' A). We use the definition of £4
and relation (2), as well as the relations ixayp = ixiyu, for X, Y € T(A A4),
and x,ex = ix*,, where ex is the exterior product by X, to obtain first

(X NY) == daxpexY ==,  daix *, Y,
then
datx *p Y = (—1)k_1ﬁxiy,u + (—1)kidi *y Y,

whence

(X AY) = (=1 s iy + (1R DLy L+ (1) Fexd,Y

Using relation (11), we obtain
(X ANY) = (—D)F[X,Y]a+ (-1)* ey 9, X + (-1)Fex0,Y ,

or

[X,Y]a = (“D*@(X AY) = (3, X) AY — (1) X A (9,7)) ,
which proves the proposition.

Cf Lemma 4.6 of [6] (where we see that, taking into account the different
conventions for the definition of the interior product, the operator b,, defined
in formula (45) is equal to our 9,,) and Theorem 2.3 of [22] (where the sign
conventions coincide with ours).

The operator d,, called the divergence with respect to p, satisfies

Lxp=—(0,X)n., (12)

for X € T'(A). So, it A = TM, for a vector field X € I'(T'M), 9,X is the
opposite of the usual divergence, div, X, which satisfies Lxp = (div,X)p. In
fact. 9, is the unique generating operator of the Schouten bracket that satisfies
(12). Explicitly (see [11], [22]), for X,; € T'(A),j =1,2,...,q,

Ou(XiA.. . ANXy) = D (X, XA AXI AL AXGA LA XA

1<j<k<q
q . A
+ D (F1THOX)XIA L AXGA AKX,

j=1

Let us now assume that (A, P) is a triangular Lie bialgebroid. The operator
Op defined by formula (5) generates the bracket [, ]p of T'(A A*).

A X,



Remark. In the case of the generating operator, Op = [d,ip], an alternate
proof of relation (7), [Op,ig] = —idpq, for @ € T'(A A), is obtained by setting
E=A,a= Pb=Q in relation (2).

We shall now show that to any choice of a nonvanishing section z in T(A"P A*),
there corresponds another generating operator of this same bracket. Let us set

Opy = —*udp ;' . (13)
By definition, the operator dp,,, on I'(\ A*) satisifies

Opuliqn) = —iapqlt , (14)
for any @ € T'(\ A).

Proposition 4 The operator Op,, is of degree —1 and of square 0, it generates
the Gerstenhaber bracket [ , |p of T(A\ A*), and is a derivation of the bracket

[a ]P'

Proof. We first choose a nowhere vanishing section A of T(A\*P A), and we
introduce the operator 513,,\ = — *;1 dpxy, where xya = o\, for a € T(A A*).
Proceeding as in the proof of Proposition 3, we see that 51:7 A generates the
bracket [, ]p. Now, for A € T(A™P A), p € T(A'® A%), and o € T(A" 4%),

su(ia\) = (“D)FOR < x> (15)
Indeed, for X € T(A\" A),
< (o)), X >= pligh A X) = (—=1)FOF (X Adg\)
and
(X Nig) = plex *x o) = plxrixa) =< a, X > p(xpl) =< g, A >< a, X > .

Choosing A and p such that < A\, u >= 1, we obtain that the operator Op
defined by (13) coincides with dp,, thus proving that it generates the bracket
[, ]p. The rest of the proposition is clear.

Remark. We give an alternate proof of Proposition 4, based on Propositions
2 and 3. Since d,, generates the Schouten bracket, we obtain

[Ou,ep] —dp = ea, P, (16)
whence
Opy — [da,ip] =ia,p .
Since 0y, is a derivation of the Schouten bracket,
1
dp(0,P) =[P,0,Pla = 5@[13, Pla=0,

thus 9, P is dp-closed. Since 0, P is a 1-cocycle and since Op = [d 4, ip] generates
the bracket [, |p, so does dp, = Op +ig,p-



Definition 1 The modular field of the triangular Lie bialgebroid (A, P), asso-
ciated with the nowhere vanishing section p of /\tolD A*, is the section X, of A
satisfying

Opyu —0p =ix, . (17)

We now derive the properties of the modular field.

Proposition 5 The modular field X, associated with u satisfies the equivalent

relations ix, = —0pp, ix,p = da(ipp) and
X =" (Op) (18)
Proof. We must prove that ix, u = —0pp . This equality follows from

Definition 1 and the fact that dp,u = 0, since *;1M = 1. The rest of the
proposition follows from the definitions.

Proposition 6 The modular field X,, associated with p satisfies
X, =0,P. (19)
Proof. By definition, ig,qu = —da(igu) = (—=1)[ig,da] u, for any section
Q of AT A. Tf, in particular, Q = P, then ig, pp = —0pp, or 9, P = —x,' (Opp).
The result now follows from Proposition 5.

This proposition means that the modular field associated with p is the di-
vergence of P with respect to u. As an obvious consequence of the preceding
result, we see that 0,X,, = 0. The main result of this section is

Theorem 7 The modular fields X, of a triangular Lie bialgebroid (A, P) satisfy

dpX,, =0, (20)
and, for nowhere vanishing f € C*°(M),
1
X=X+ o] (21)

Proof. Formula (20) is a special case of Proposition 2. We give a direct
proof. By assumption, [P,P]4 = 0. Using the fact that the operator 9, is
a derivation of the Schouten bracket, and the skew-symmetry of the Schouten
bracket, it follows that [P,d,P]4 = 0. By formula (4) and Proposition 6, we
obtain dp X, = 0.

Let ¢/ = fu. Then %, = fx,, and using the relations ixypu = ixiypu, for
X,Y in T'(A), and *,ex = ix*,, we see that

Opa=0p,a+ ! *, (dpf N *ljla) =0p 0+ [l a, (22)

for any o € T'(A\ A*).
Formula (20) means that X, leaves P invariant,

Lx,P=0. (23)

10



Corollary 8 For each nowhere vanishing section u of /\tOp A*, the modular
field X,, is dp-closed, and its class in the Lie algebroid cohomology of A with
coefficients in C*° (M) is independent of .

Proof. In fact, Xy, = X,, + dp(log|f]).

Definition 2 The class of the modular fields of a triangular Lie bialgebroid
(A, P) is called the modular class of (A, P). A triangular Lie bialgebroid is
called unimodular if its modular class vanishes.

It follows from Proposition 5 that, when (A, P) is unimodular, ipp is closed,
and conversely. This is the answer to question 1 in [26].

Proposition 9 The Lie derivation on T'()\ A) with respect to the modular field
X, associated with 1 is the operator

Lx, = [X/M . ]A = [aﬂ’dP] ) (24)

"

where the first bracket is a Schouten bracket, while the second is a graded com-
mutator. The Lie derivation on I'(\ A*) with respect to X,, is the operator

Lx, = [0pu, da] . (25)

"

In particular, as derivations of C*° (M),
XM:aHOdPZaP,HOdA . (26)

IfocD = PYdaf) = —[P, fla = —dpf is the Hamiltonian field with Hamiltonian
fin C°(M), then
Cx,f = —0,X7 . (27)

Proof. Using the fact that 0, is a derivation of the Schouten bracket and
formula (4), we find that, for any @ € T'(A A),

‘CQ‘LPQ = [aﬂpa Q]A = a,u[Pv Q]A + [P7 a,uQ]A = (aﬂdp + dPa,u)Q ) (28)

whence relation (24). To prove (25), we recall that Lx, = [ix,,da]. Since
ix, = Op, — Op, and since dp commutes with d, relation (25) follows. If, in

particular f € 1"(/\0 A), then 0, f = dpuf = 0, and therefore we obtain (26),
and (27) follows from the definitions.

Corollary 10 The modular field X,,, associated with u, satisfies

Proof. From Proposition 5, we see that Lx, pu = da(ix,pn) = (da)?(ipp) =
0.

We collect various formulae in the following proposition.

11



Proposition 11 For f € C*(M), [f,plp = Opu(f1r) = —iapfp and for o €
(A%,
(0, il = Op )i (30)

In particular, [daf,plp = (Xu.f)p.

Proof. These formulae follow from Proposition 4 and the fact that dp ,,u = 0.
Moreover, Op, ,daf = Opdaf +ix,daf = X,.f, since Op commutes with d.

If we now introduce the operator of degree 1 and of square 0 on I'(A A),
dpy = — *;1 Op*y , (31)

using (5) and the relation ip%, = *,ep, where ep denotes the exterior product
by P, we see that
dp,y = [Ou,ep] - (32)

Thus, equation (16) can be written as
dp”ufdp :eaup . (33)

By formula (19), this equation coincides with formula (43) of [6], where the oper-
ator dp,, is denoted d7. o+ This operator plays the role of a twisted cohomology
operator of A*.

EXAMPLE 1. THE MODULAR CLASS OF A POISSON MANIFOLD. Let (M, P)
be an orientable Poisson manifold, where P denotes the Poisson bivector, and let
1 be a volume element on M, 4. e., a nowhere vanishing section of T(A\*P T M).

The triangular Lie bialgebroid (T'M, P) of the Poisson manifold (M, P) was
studied in [18]. If A = TM, and P € I(A\>TM) is a Poisson structure on
M, then the modular section is a vector field X,, on M, and, by formula (27),
X,.f = =0,Xf = div,X}. Therefore we recover Weinstein’s definition [24],
adopted in [6],

Lxpp= (X - (34)

Proposition 12 The modular class of the triangular Lie bialgebroid (T M, P)
of the Poisson manifold (M, P) is equal to the class of the modular vector field

of (M, P), defined by Lprgpp = (X, f)pe-

THE CASE OF A SYMPLECTIC MANIFOLD. If) in particular, the bivector
P on a manifold M of dimension n = 2m is of maximal rank, so that the
Poisson structure, P, is actually associated with a symplectic structure w, then
the modular class of (M, P) vanishes. In fact, taking the Liouville form %W,I as

the volume form g on M, we see that any Hamiltonian vector field leaves I
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invariant and therefore, for any function f, 0, X ]{3 = 0. By (27), the modular
vector field associated with p vanishes. So, when p is the Liouville form,

[d,ip] = 8p = Op,, . (35)

Since, when (M, P) is symplectic, the modular vector field 9, P vanishes, formula
(33) reduces to dp,, = dp. Using formula (32), we obtain

[Gu,ep] = dp = dpw . (36)
In the symplectic case, there is a formula dual to (4),
d=|w, .]p . (37)

(See [14].) In fact, this formula holds for any f € C°°(M), since it follows from
the Leibniz rule that [w, f]p = —ipsgew = df. Using the derivation property of
the differential d with respect to the bracket [, |p and the Leibniz rule again,
we find [w, df]p = 0, and for any g € C*°(M), [w, gdf]p = d(gdf), and therefore
(37) holds for any form.
Since Op generates the bracket [ , ]p and since dpw = 0 , we obtain, using
(37),
[Op,e.] =d, (38)

where e, denotes the exterior product by w. This, in turn, implies, using the
relation *,i, = e,%,, and (35),

[dp,iv]) =0, . (39)

Thus, the operator [dp,i,] on fields of multivectors generates the Schouten
bracket and coincides with 9,, when p is the Liouville form.

Remark. Tt follows from relation (39) that, in the symplectic case, an alter-
nate proof of relation (7), [0,,i¢] = —iqg, for any form &, is obtained by setting
E=T*M,a =w,b=¢ in relation (2).

EXAMPLE 2. THE LINEAR CASE (see [15]). If g is a finite-dimensional real Lie
algebra, then M = g* is a linear Poisson manifold, and conversely. The fields of
multivectors on g* are maps from g* to A g*, and the linear fields of multivectors
on g* are vector-valued forms on g*. Their Schouten bracket coincides with the
Nijenhuis-Richardson bracket of vector-valued forms on the vector space g*. If
P is the linear Poisson structure on g* defined by the Lie algebra structure of
g, then the operator dp is the Lie algebra cohomology operator on the cochains
of g with coefficients in C*°(g*).

To compute the modular vector field X, of (g*, P) associated with the stan-
dard Lebesgue measure p on the vector space g*, we choose a basis in g, and we

13



let (2*) be the coordinates on g and (¢) be the dual coordinates on g*. Let CF,
be the structure constants of g in the chosen basis. Then P;;(§) = Cikjfk, and
(Xp)i = (0uP)i = =0 Py = CY; . (40)
This is a constant vector field on g*, i. e., an element of g* which is equal to
the linear 1-form on g, tr(ad) : € g — tr(ad,), where ¢r denotes the trace.

Thus, X, is equal to the character of the adjoint representation of g, which is
called the infinitesimal modular character of g.

Proposition 13 If M = g*, the modular vector field associated with the stan-
dard Lebesgue measure is the infinitesimal modular character of g.

Thus, the linear Poisson manifold g* is unimodular if and only if the Lie
algebra g is unimodular in the usual sense. This is one of the justifications for
the use of the term “modular” in the context of Poisson geometry.

We now state the consequences of the preceding results for the homology-
cohomology duality of Lie algebroids. See [26], and, for more general results
concerning Lie-Rinehart algebras, see [10] and [11]. Let E be a Lie algebroid of
rank n, such that there exists a nowhere vanishing section p of its top exterior
power. Set g, = — *;1 dp*,. Then the homology He(E, O ,) of the complex
(T(A E),0g,,) is isomorphic to the cohomology H" *(E,dg) of the complex
(T(A\ E*),dg). In particular, if (A, P) is a triangular Lie bialgebroid, then for
E = A*, dg = da» = dp is the cohomology operator on T'(/\ E*), and therefore
(7) the homology He(A*,0p,,) of the complex (I'(A A*),0p,,) is isomorphic to
the Poisson cohomology H"*(A*,dp) of the complex (I'(\ A),dp), and (ii) the
Poisson homology He(A*, dp) of the complex (I'(/\ A*), dp) is isomorphic to the
twisted Poisson cohomology H"~*(A*,dp +ex,) of the complex (I'(A\ A),dp +
ex, ). This last fact follows from (33) and the definition of dp . If the triangular
Lie bialgebroid is unimodular, then dp, = dp. So, both statements reduce
to the fact that, in the unimodular case, the Poisson homology He(A*,0p)
is isomorphic to the Poisson cohomology H" *(A*,dp). Thus, in the case of
a unimodular triangular Lie bialgebroid, in particular an orientable Poisson
manifold with vanishing modular class, the Poisson homology is isomorphic to
the Poisson cohomology.

6 The Laplacian of a strong differential BV-algebra.
The case of a triangular Lie bialgebroid.

If (A,0,d) is a strong differential BV-algebra, the operator, A = [9,d], on A

is called the Laplacian of (A,0,d). It is a derivation of degree 0 of both the

bracket and the associative multiplication, and it is a differential operator of
order 1 which vanishes on the unit of A°. If A is the Gerstenhaber algebra of a
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Lie algebroid E with base M, then A° = C°°(M), and the restriction of A to
A is therefore a vector field on M.

Using the fact that 0 is a derivation of the Gerstenhaber bracket, we see
that, if d is the interior derivation by an element P € 42, then A is the interior
derivation by OP € A!. This remark partly answers question 4 of [26].

If (A, P) is a triangular Lie bialgebroid, then (I'(A\ A*),0p,d4) is a strong
differential BV-algebra, but, in this case, A = [0p,da] vanishes identically.
If moreover p is a nowhere vanishing section of 1"(/\tolD A*), the operator 0,
generates the Gerstenhaber bracket of T'(A A), and dp is an interior derivation
of the Gerstenhaber bracket. Therefore the Laplacian of the strong differential
BV-algebra, (I'(A A), 9., dp), is

A - [au;dp] = [a;,LP) . ]A = EBNP ) (41)

where the second bracket is the Gerstenhaber bracket of T'(A A). In view of
Proposition 6, this result coincides with the first statement of Proposition 9,
which can be restated as:

Proposition 14 Let (A, P) be a triangular Lie bialgebroid, and let p be a
nowhere vanishing section of T(\'*® A*). Then (D(\ A),8,,dp) is a strong
differential BV-algebra, whose Laplacian is the Lie derivation with respect to
the modular field of (A, P) associated with p.

Remark. In [19], a strong differential BV-algebra which is unimodular is
called a dGBV-algebra.

For a Poisson manifold (M, P) with a nowhere vanishing section p of T( A" T* M),
the Laplacian is that of the strong differential BV-algebra (I'(ATM), 0,,dp),
and it is equal to the derivation Ly, of T'(ATM). This result was already in
Koszul [15].

7 BV-algebras and modified actions.

The restriction of the generating operator of a BV-algebra to A! is an A%-valued
derivation of the Lie algebra A'. Therefore

Proposition 15 Let (A,0) be a BV-algebra. Then 9|4 : A — A° is a 1-
cocycle of A' with coefficients in A°, and the map (a, f) € A x A° — |[a, f] +
k(0a)f € A°, for any scalar k, is an action of the Lie algebra A' on A°.

Thus to each generating operator of the Gerstenhaber bracket of A, there
corresponds a modified left A'-module structure on A°. However, it is easy to
see that this action does not make A° a left (A°, A')-module in the sense of
[9]. On the other hand, as has been shown by Huebschmann [11] [10], A° has a
right (A%, A')-module structure:
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Proposition 16 Let (A,0) be a BV-algebra. The map (f,a) € A° x Al —
f.a € A° defined by

fa=—la, f1+ (0a)f (42)
is a right (A%, AY)-module structure on A°, and f.a = O(fa) .

Proof. We have to show that

(f9).a= f(g.a) —[a, flg = g.(fa) , (43)
for f,g € A%, a € Al. In view of
9(fa) = foa—[a, f] , (44)

this is straightforward.

Conversely, if (f,a) — f.a is a right (A%, A')-module structure on A%, then
there exists a unique generating operator d of A 4 A such that (42) holds.
In particular, if we let 1 be the unity of A°, then da = l.a, for a € Al
In [11], Huebschmann states and proves the following theorem. (He actually
proves a more general result dealing with the generating operators which are
not necessarily of square 0).

Theorem 17 There is a one-to-one correspondence between right (A°, Al)-
module structures on A° and generating operators of )\ 40 Al

Proof. The proof consists of showing that any l-cocycle 9 : A! — A9
satisfying (44) can be uniquely extended to a generating operator of A 40 A'.
This, in turn, is proved by means of the explicit formula given in Section 5.

In particular, if £ is a Lie algebroid, there is a one-to-one correspondence
between right (C°°(M),T(F))-module structures on C°°(M) and generating
operators of I'(A\ E).

For example, if M is a manifold and p is a volume element on M, then the
modified right action of I'(T"M) on C*°(M) is X e I(TM) — —X + (0, X)Id €
End(C*(M)), where Id is the identity endomorphism of C*°(M). Thus, in any
orientable manifold (M, i), there is a right action of the Lie algebra of vector
fields on the space of functions, defined by

FX =—Lxf+ f0,X . (45)

If (A, P) is a triangular Lie bialgebroid, then a € I'(A*) + —Pfa+(dpa)ld €
End(C*(M)), where Opa = ipdac, defines the modified right action of I'(A*)
on C*°(M). If, in particular, (M, P) is a Poisson manifold, then (I'(A T*M), dp)
is a BV-algebra, and we obtain a modified right action of I'(T*M) on C*(M)
making C*° (M) a right (C>°(M),T'(T*M))-module. Thus, in any Poisson man-
ifold (M, P), there is a right action of the Lie algebra of differential 1-forms on
the space of functions defined by

fa=—Lpi,f+ fOpa . (46)
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In particular, for functions f, g, h € C°°(M), f.dh is the Poisson bracket {f, h}
and

f-(gdn) ={fg,n} . (47)

Therefore, this is the structure defined in [10], formula (7.3). Another right
action of differential 1-forms on functions is defined by

f-(gdh) ={fg,h} + fg(Xy.h) . (48)

8 Representations and generating operators.

We now explain the one-to-one correspondence between generating operators
and left structures on the top exterior power of projective, finite-rank Lie-
Rinehart algebras. In [11], Huebschmann states the following theorem which
follows from Theorem 17.

Theorem 18 Let Al be a (k, A%)-algebra which is a projective, finite rank A°-
module. There is a one-to-one correspondence between generating operators
for the Gerstenhaber algebra N\ 40 A' and left (A°, A')-module structures on

Vi

Recall that a representation of the Lie algebroid E with base M and anchor p
on the vector bundle F' is an R-linear map V from I'(E) x I'(F') to I'(F') which is
C*°(M)-linear in the first argument and such that V,(fu) = fVau+ (p(a)f)u,
and Vi, = [Va, Vi, for a,b € T(E), f € C(M),u € I'(F).

Representations of E on F are called flat E-connections on F' in [26]. They
coincide with left (A% A')-module structures on I'(F), for A° = C>°(M) and
Al =T(E).

Corollary 19 Let E be a Lie algebroid. There is a one-to-one correspondence

between generating operators for the Gerstenhaber algebra of E, T(A\ E), and
. top

representations of E on \"°F E.

Explicitly, if 0 is a generating operator of the Gerstenhaber bracket of
I'(A E), then V defined by

Vo =aX— (Oa)A (49)

for a € T(E),A € (A" E), is a representation of E on A\'® E. Here a.\ =
£a>\ = [a, >\]E

Conversely, given a representation V of F on /\tOp E there exists a unique
generating operator, 0, of the Gerstenhaber bracket satisfying the condition
that, for any section A of A*® E, and for any section a of E,

(Lo — Vo)A = (da)A (50)
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or equivalently,
Ved=—aANOX. (51)

Both conditions are equivalent since Lo\ = [a, A\|g = —9(aAX) + (Da)A—aAOA.

This corollary states that to each representation of £ on /\tOp E, there corre-
sponds a BV-algebra structure on the Gerstenhaber algebra of E, and conversely.

The analogue of this theorem is proved in [22] in the framework of schemes:
there are mutually inverse bijections between the sets of “Calabi-Yau (CY) data
on a scheme X” and “Batalin-Vilkovisky (BV) data on X”. CY data correspond
to representations of the tangent bundle of a complex manifold on the canonical
bundle (holomorphic forms of top degree), while BV data correspond to generat-
ing operators of the Gerstenhaber algebra of holomorphic fields of multivectors.
For the holomorphic case, see also [3].

Remark. The above corollary was proved by Koszul [15] when E = T M, and
generalized to arbitrary Lie algebroids by Xu [26]. The results proved by Koszul
and Xu are actually more general. The one-to-one correspondence of Corollary
19 is the restriction to the flat E-connections of a one-to-one corespondence be-
tween generating operators, not necessarily of square zero, of the Gerstenhaber
algebra of F and E-connections on /\top FE which are not necessarily flat.

Combining the one-to-one correspondences in Theorems 17 and 19, one ob-
tains a one-to-one correspondence between right (A", A')-module structures on
A® and left (A°, A')-module structures on /\if{(f’ A, Given a left structure V

on /\i:f A', the corresponding right structure on A° is such that

(f-a)d = fla.) = Va(fA) (52)

where a.A = L, \. Conversely, if the right structure on A° is given, then the left
structure V on /\if{(? A is such that

Vid=al—(La)X. (53)

In fact the correspondence established in Corollary 19 between V and 0 is
the composition of the map V ~— {right structure on A’} which we have just
described with the map {right structure on A’} ~— 9 of Theorem 17.

Huebschmann shows in [10] and [11] that, if O is the generating operator of
Ao A associated to a left (A°, A')-module structure V on /\ff‘)f Al then the
homology of A' with coefficients in the right (A°, A!)-module A" defined by 9
and the cohomology of A! with coefficients in the left (A%, A')-module A 40 A
defined by V are isomorphic.
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9 The modular class of a triangular Lie bialge-
broid as the characteristic class of a Lie alge-
broid with a representation.

If V and V' are representations of a Lie algebroid E on /\tOp E, there is a section
& of E* such that, for any A € 1"(/\“)lD E), and for any section a of E,

(Vo= V)A=<&a> . (54)

If 0 and O’ are the generating operators associated with V and V', respectively,
as in Corollary 19, then this relation is equivalent to

& —0=ic . (55)

It follows from Proposition 2 that £ is then dg-closed in the Lie algebroid coho-
mology of F with coefficients in C°°(M). Of course this 1-cocycle can be trivial,
in which case, the representations V and V' are called homotopic [26], and their
associated operators d and @’ are also called homotopic.

Let the representation V be fixed. If, for a class of representations V', the
1-cocycles, &, defined by (54), for various V’ or, equivalently, (55), for various
0', are equivalent, we can call their cohomology class the modular class of the
Lie algebroid with representation (E, V). The modular class vanishes if and only
if all representations of E on A\'® E in the class V’ are homotopic to V. If 9 is
the generating operator of I'( A\ E) corresponding to V by Corollary 19, we can
also call this cohomology class the modular class of the BV-algebra (T'(A\ E), 0).

The fundamental remark is the following. Assume that there is a well-defined
generating operator 0 for the Gerstenhaber algebra of a Lie algebroid E. To
any nowhere vanishing section, A, of /\mp FE, there corresponds an isomorphism
*y from A E* to A\ E, and a generating operator, dy, of the bracket of I'(A E),
defined by 0y = — %, dp *, .

In this case, the correspondence of Corollary 19 is given as follows. (Cf [26].)

Proposition 20 The representation V* of E on /\tOpE associated with the
generating operator of the bracket of T'(\ E), Ox = — *x dg *;1, is defined by
VAX = 0.

This follows from (51) since, in this case, O\A = 0. It follows from (55)
and from a computation analogous to (22), that the class of the 1-cocycles &
associated with the pairs (V, V?*), for various choices of ), is independent of the
choice of A.

According to Evens, Lu and Weinstein [6], for any Lie algebroid E with a
representation V on a line bundle L, the characteristic class is the class of the
section é of E* satisfying R

Ved =< Ea> M, (56)
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for a € T'(F) and A a nowhere vanishing section of \*® E. (If A*P E is not
trivial, define the characteristic class as one-half of that of the square of this
bundle with the associated representation.) The section «f € I'(E*) depends on
V and A, but it is dg-closed and its dg-cohomology class depends only on V.
On the other hand, in view of the definition of V*, the modular section &
defining the modular class of the Lie algebroid with representation (E, V) has
to satisfy
(Vo —=VDA=<Ea> N\ (57)

In view of the characterization of V* given in Proposition 20, this condition
coincides with (56), in other words, £ = €. Moreover, for the associated BV-
algebra (I'(A\ E), ), the modular class is defined as the class of £ € T'(E*)
satisfying

Oy — 0 =ic (58)

where 0 is the fixed generating operator associated with V, and 0, is the gen-
erating operator corresponding to V*. Therefore,

Proposition 21 The modular class of the Lie algebroid with representation
(E,V) coincides with the characteristic class defined in [6], and it is the class
of the section & of T'(E*) satisfying (58).

THE CASE OF A TRIANGULAR LIE BIALGEBROID. Let (A, P) be a triangular
Lie bialgebroid. Then, there is a well-defined generating operator, dp = [da,ip],
for the Gerstenhaber bracket of T'(A A*). What is the corresponding represen-
tation VF of A* on A\"P A*? According to formula (51), it is defined by

VPN =—aAdp) = —anda(ip)), (59)

for o a section of A* and A a section of A"P A*. Now let V* be the represen-
tation of A* in A" A* defined by V#u = 0, where y is a nowhere vanishing
section of (A" A*). Then the characteristic class of the Lie algebroid with
representation in a line bundle (A*, V) is the class of the section X s depending
on u, defined by A

VEin=<X,,a>u, (60)

for a € T'(A*). In view of Proposition 20, and of the equivalence of (54) and
(55), condition (60) is equivalent to

Opy—Op =g . (61)

Therefore, the section X u is equal to the modular field X, defined in Section 5,
and Vi p = ((9p, — Op)a)p.

Proposition 22 If (A, P) is a triangular Lie bialgebroid, its modular class is
equal to the characteristic class of the Lie algebroid with representation (A*, V).
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THE CASE OF A POISSON MANIFOLD. We can apply the preceding analysis
to the case of a Poisson manifold (M, P).

In [6], it is proved that, if (M, P) is a Poisson manifold, there is a well de-
fined representation of the Lie algebroid T*M on A"P T*M. In our approach,
this follows from the fact [15] [13] that there is a well defined generating opera-
tor for the Gerstenhaber bracket of T'(A T*M), the Koszul-Brylinski homology
operator, Op = [d, ip], combined with Corollary 19.

Applying our previous results to the triangular Lie bialgebroid (T'M, P), and
combining them with Proposition 12, we obtain the following result.

Proposition 23 Let (M, P) be a Poisson manifold. The modular class of the
triangular Lie bialgebroid (T M, P) coincides with the modular class of the Pois-
son manifold and with the characteristic class of the Lie algebroid with repre-
sentation (T*M,V7T).

Remark. Formula (59) in the case of a Poisson manifold does coincide with
formulae (36) of [6] and (18) of [26], although there is an apparent difference in
the sign. This is due to the fact that the interior product used in [6] and [26] is
the one that we have denoted by 1 (see the Remark in Section 2), which is such
that ip = —ip. To summarize, in [6], the characteristic class of (T*M, V) is
the class of X;u where

df Nd(ipp) =< X, df > .

The modular class of the Poisson manifold (M, P) is the class of X, where by
definition,
diPﬁdf/’L =< X,U.vdf > W,

while, here, the modular class of the triangular Lie bialgebroid (T'M, P) is the
class of X,, where, by definition,

—df Nd(ipp) =< X, df > p .
Since ipigep = df Nipp = —df ANipp, we see that all three definitions agree.

In general, any Lie algebroid E has a well-defined representation V9= on
the line bundle Qg = /\tOp E® /\tOp T*M. If (M, P) is a Poisson manifold, the
characteristic class of (T*M,VT) is that of (T*M,V@rm) divided by 2. See
[6].

If (A, P) is a triangular Lie bialgebroid, we have to compare its modular
class, defined here, to the characteristic class of (Qa-,V@4*), where Q4- =
AP A* @ NP T*M, and

VE (@ V) = Lap @V + 11 ® LyprayV - (62)
The modular class of (A4, P) is the class of the section X, of A such that

VP =< X,a>pn,
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where VI = Loy — (Opp)er, while the characteristic class of (Qa+, V94 ) is
the class of the section X,,g, of A such that

VI (p@v) =< Xp@u,a>u®u.

Here y is a section of A"P A* and v is a section of A" T*M.
Let us assume that a = da f, f € C°°(M). To evaluate the first term in the
right-hand side of (62), we use Proposition 11, and we obtain

Laypie=ldaf,plp =< Xy, daf > p=<p(Xy),df > p,

where d is the de Rham differential on the base manifold M.
The Lie bialgebroid structure of (A, A*) defined by P induces a Poisson
structure, Pyr, on M [18] [13] satisfying

< P]%I(df)adg >=< dAfa dA*g >,

for f,g € C®(M). Using da-g = dpg = —P*(dag), the skew-symmetry of P*
and the definition of d4, we obtain P, (df) = p(P*(daf)) . Therefore, we can
evaluate the second term in the right-hand side of (62) by means of the modular
vector field of the Poisson manifold (M, Pys) with volume form v, defined by

Lopraapyv =< X, df >v.

Therefore, 5
< Xugw,daf >=< X,,daf >+ < XM, df > (63)

and ~
p(Xpew) = p(X,) + X" (64)

In the particular case of a Poisson manifold (M, P), we consider the tangent
bundle TM = A, with anchor the identity of TM. Then Py; = P, and X i” =
X, and we recover the relation

Xuon = 2X, . (65)

To complete our discussion, we sketch the approach to the definition of the
modular class of a Lie-Rinehart algebra given in [10]. There, Huebschmann
defines the modular class of a Lie-Rinehart algebra (A°, A') satisfying cer-
tain regularity conditions as the isomorphism class of the left (A%, A')-module,
Qa1 = Hom 4o (A% (A")*,w 40), where w 40 = Hom (A"} (DerA®), A°). He fur-
ther shows that /\fj(? (AY)*, called the dualizing module of the Lie-Rinehart
algebra (A%, A'), as well as w40 have a canonically defined structure of right
(A% A)-module, and that Q 41 is therefore a left (A°, A')-module. The module
Q41 generalizes the space of sections of the line bundle with a representation
Qp. In fact, if E is a Lie algebroid with base M, and if A° = C*°(M), and
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A' =T(E), then Q 21 = Hompw(ar)(D(A"P E*), T(A*P T*M)) = (NP E®
AP T*M) =T(QE) .

As a left A%-module, the tensor square of Q 41 is trivial, so its class is in
the kernel of the forgetful map from the abelian group (introduced in [10]) of
isomorphism classes of left (A°, A')-modules which are projective and of rank
one as A%-modules to the Picard group of isomorphism classes of projective
rank one A%modules. This kernel is precisely the space of derivations of A!
with values in A° modulo the action of nowhere vanishing functions, and the
isomorphism class of Q 41 ® @ 41 maps to a cohomology class of A' with coeffi-
cients in AY. In fact, if £ is a trivial .A%module of rank 1 with basis ), setting
VoA =< &,a > A, for a € £, where € is a 1-cocycle of A! with coefficients in .A°,
defines an (A%, A')-module structure on £, and two such structures are isomor-
phic if and only if ¢ is a coboundary. Taking A! = T'(E) and £ = T'(Qr ® Qr)
yields a cohomology class of E with values in C°°(M). The modular class of
the Lie algebroid FE in the sense of Evens, Lu and Weinstein is this cohomology
class divided by two.
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