C. R. Acad. Sci. Paris, Ser. I 350 (2012) 823-826

Contents lists available at SciVerse ScienceDirect

C. R. Acad. Sci. Paris, Ser. |

www.sciencedirect.com

Lie Algebras/Mathematical Physics

On the compatibility between cup products, the Alekseev-Torossian
connection and the Kashiwara-Vergne conjecture, I

Compatibilité entre cup-produits, connexion d’Alekseev-Torossian et conjecture de
Kashiwara-Vergne, |

Carlo A. Rossi

MPIM Bonn, Vivatsgasse 7, 53111 Bonn, Germany

ARTICLE INFO ABSTRACT

Article history: For a finite-dimensional Lie algebra g over a field K O C, we deduce from the compatibility
Received 5 June 2012 between cup products (Kontsevich, 2003, [6, Section 8]), on the one hand, and from
Accepted 7 August 2012 the Kashiwara-Vergne conjecture (Kashiwara and Vergne, 1978, [4]), on the other hand,
Available online 22 October 2012 alternative ways of re-writing Kontsevich product x on S(g).

Presented by Michéle Vergne In this first part, we fix notation and conventions, revise the main features of Kontsevich’s

star product and examine the Kashiwara-Vergne conjecture and its relationship with
Kontsevich’s star product.
© 2012 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

RESUME

Soit g une algébre de Lie de dimension finie sur un champ K > C. Du résultat
(Kontsevich, 2003, [6, Section 8]) sur la compatibilité entre cup produits et de la
conjecture de Kashiwara-Vergne (Kashiwara et Vergne, 1978, [4]), on déduit deux écritures
alternatives du produit-étoilé de Kontsevich sur S(g).
Dans cette premiére partie, on fixe la notation et les conventions; on rappelle le produit-
étoilé de Kontsevich, on discute la conjecture de Kashiwara-Vergne et la relation entre elle
et le produit-étoilé de Kontsevich.

© 2012 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

For a general finite-dimensional Lie algebra g over a field K > C, we consider the symmetric algebra A = S(g). Deforma-
tion quantization a la Kontsevich [6] endows A with an associative, non-commutative product .

In this short note, we deduce a way of re-writing the product x on A in terms of the Lie series F, G appearing in the
combinatorial Kashiwara-Vergne (shortly, from now on, KV) conjecture [4]. In fact, we prove a similar claim by deducing it
from the compatibility between cup products for Kontsevich’s formality quasi-isomorphism [6, Section 8]. Both claims are
proved in a constructive way (see later on Identity (8) and [8, Identity (7)]).
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Remark 1.1. The results of [8, Sections 1, 2] were already somehow present in the seminal work [9] of C. Torossian: we
present them here in a different fashion, and the compatibility between cup products in 0-th cohomology is proved in a
different way than in [6, Subsection 8.2].

Remark 1.2. The conjecture of Kashiwara-Rais-Vergne in the framework of point-supported distributions on Lie groups and
Lie algebras has been proved in [7, Section 4] as a consequence of a result extending the compatibility between cup products
from [(3, Subsection 8.2] to an Ay;-algebra quasi-isomorphism between poly-vector fields and poly-differential operators over
X =K%

However, the main result |7, Identity (55)] does not hold true, because [6, Kontsevich’s Vanishing Lemma 6.6] does not
hold true in general for the compactified configuration spaces considered in [7, Subsection 2.3]. This has been proved by
direct computations either in [1, Example 2] or in [2, Subsection 3.4].

Still, the proof of the KRV conjecture in [7, Section 4| remains true, as it makes use only of compatibility between
cup products. The techniques presented here for the proof of compatibility between cup products are more general than
the ones adopted in [7] and imply the results of [2] as well, upon the choice of certain homology chains in the relevant
(compactified) configuration spaces.

2. Notation and conventions

We consider a field K> C.
We denote by g a finite-dimensional Lie algebra over K of dimension d; by {x;} we denote a K-basis of g. With g we
associate the linear Poisson variety X = g* over K endowed with the Kirillov-Kostant Poisson bivector field.

3. Kontsevich’s star product

Let X =K9 and {x;} a system of global coordinates on X, for K as above.

For a pair (n,m) of non-negative integers, by G, » we denote the set of admissible graphs of type (n,m): an element
I' of Gy m is a directed graph with n, resp. m, vertices of the first, resp. second type, such that i) there is no directed
edge departing from any vertex of the second type and ii) I admits whether multiple edges nor short loops (i.e. given two
distinct vertices v, i =1, 2, of I' there is at most one directed edge from v; to v, and there is no directed edge, whose
endpoint coincides with the initial point). By E(I") we denote the set of edges of I" in G, .

We denote by C,jf m the configuration space of n points in the complex upper half-plane H* and m ordered points on the
real axis R modulo the componentwise action of rescalings and real translations: provided 2n+m—2 > 0, C,;f m is @ smooth,

oriented manifold of dimension 2n + m — 2. We denote by (_','{ m its compactification a la Fulton-MacPherson introduced

in [6, Section 5]: E,tm is a compact, oriented, smooth manifold with corners of dimension 2n +m — 2.
We denote by w the closed, real-valued 1-form

1 21— 22 2
w(z1,22) = Edarg(z1 _Zz>, (z1,22) € (H" UR)", 21 # 22,

where arg(e) denotes the [0, 277)-valued argument function on C \ {0} such that arg(i) = 7t /2; w extends to a smooth,
closed 1-form on 62+,0v such that i) when the two arguments approach to each other in H*, @ equals the normalized
volume form volg1 on S and ii) when the first argument approaches R, @ vanishes.

We introduce Tpoly(X) = A[61, ..., 6], A=C>(X), where {6;} denotes a set of graded variables of degree 1 dual to {x;},
which commute with A and anticommute with each other (one may think of 6; as 9; with a shifted degree). We further
consider the well-defined linear endomorphism t of Tpoly(X)®2 of degree —1 defined via

T = 0g; @ Oy;-

With I' in Gp ;m such that |[E(I")|=2n4+m -2, y;, i=1,...,n, elements of Tyoy(X) and a;, j=1,...,m, elements of A,
we associate a map via

(UF(Vlw'an))(al ®"'®am):ﬂm+n< / wrr® - @M ®"'®am)),

Cam

W, r = l_[ Wt e, wr,e:ﬂe*(a))@'fe» (1)
ecE(IN)

7. being the graded endomorphism of Tpoly(X)®(’“+”) which acts as 7 on the two factors of Toy(X) corresponding to the
initial and final point of the edge e, and (4, denotes the multiplication map from Tpoly(X)m+” to Tpoy(X), followed by
the natural projection from Tpo(X) onto A by setting 6; =0, i =1,...,d. By e we denote the natural projection from
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C+ onto C 20 OF C+1 associated with the edge e. We may re-write (1) by splitting the form-part and the poly-differential
operator part as

Urp,....w))@ @ ®am) =@ (Br(yi..... ¥n))@1,....am), wr=/a)r~

Cim
In [6, Theorem 6.4], the following theorem has been proved
Theorem 3.1. For a Poisson bivector field 7 on X, and a formal parameter h, the formula
fion fo= Z > Ur(r. ) f2), fieA i=1.2, ()

l1>0 FégnZ n

defines a Ky = K[[h]l-linear, associative product on Ap = A[[h]].

We now state the main result of this note, whose proof will be given in full detail in [8, Section 1].
Let us consider a piecewise differentiable curve y on C2 o connecting a given point in C, = S! with Carz ={0,1} and

whose interior is in C2 0

Theorem 3.2. For a Lie algebra g as in Section 2, there exist a smooth 0-form T7™ with values in the bidifferential operators on A = S(g)
and smooth 1-forms 27" on C;fo, i=1,2, with values in g ® S(g*)®?, such that the following identity holds true:

fixfa=fifa= /(T”(Qf([ﬂ, fil. f2)) + T (25 (fr. [, f21))), fieA i=1,2. (3)
4
The explicit construction of 77 and £2, i =1, 2, will be given in full detail in [8, Section 1].
4. The KV conjecture and Kontsevich’s star product

Given g as in Section 2, the KV conjecture states the existence of two Lie series F, G, which are convergent in a
neighborhood U of (0, 0) in g x g, which satisfy the two identities

y1+y2 —log(e?2e1) = (1 — e MUV)F(y1, y2) + (62402 — 1)G(y1. y2). (4)
trg(ad(y1)dy, F(y1, ¥2)) + trg(ad(y2)dy,G(y1, y2))
_ 1 (240 ad(y;) _ ad(Z(y1.y2) 5)
T2 9\ eady1) — 1 " ead(y2) —1  ead(Z(y1.¥2) — 1

for (y1,y2) in U, such that the BCH Lie series Z(y1, y2) = log(e?'e¥2) converges.
We recall from [6, Subsection 8.2] the algebra isomorphism from (A, x) and the Universal Enveloping Algebra (U(g),-)
of g,

I(frix f2) =Z(f1) - Z(f2), fi€eA i=12, (6)
where Z is the composition of the PBW isomorphism from A to U(g) with the Duflo element in §(g*),

1— ad(x)
Vi) = \/detg ¢ ) Xeg.

ad(x)

As a corollary of (6), we have the identity

ViV iy2)

eVl xe’2 = D(y1,y2)e? V12 D(y1,y2) = T yieg, i=1,2. (7)
J(Z(y1,¥2)
We observe that (7) has been proved by different methods in [5] and [3, Subsubsections 3.1.2-3.1.4]. Let us replace in (7) &
by tm, for t in the unit interval: we write *; for the corresponding product, whence
Z(ty1,ty?)
—
It follows directly from (2) that e¥! x; e¥2 =e”1 xeY2 and e¥! xge¥2 =eY1e’2, y; in g.

e¥ x Y2 = D(ty1,ty2)e“ V1Y Zi(y1, y2) =
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Identity (4) implies that (see e.g. [4, Lemma 3.2])

d
aZf(yL y2) = (([y1, Fev1. y2) . 0y,) + ([v2. Ge (1. ¥2) ] 8y,)) Ze (V1. y2).

where F;(y1,y2) = F(ty1,ty2)/t and similarly for G;(y1, y2); further, for two convergent Lie series F, G in some neighbor-
hood of g x g, we set

d
((Fr1,¥2).0y,))G(y1, y2) = aG(Jﬁ +tF(y1.¥2).¥2)|
t=0

and similarly for ((F(y1, ¥2), dy,)G(¥1, ¥2)-
On the other hand, combining [4, Lemma 3.2] with [4, Lemma 3.3] and (5), and observing that /j(e) is g-invariant, we
get

d
aD(tYI, ty2) =trg(ad(y1)dy, Fr(¥1, ¥2)) + trg(ad(y2)dy, Ge(y1, ¥2)) D(ty1, ty2)

+ (([y1. Fera, y2)]. 3y, ) + ([y2. Ge (1. ¥2)]. 8y,)) D(ty1. ty2).
Combining both previous results, we get

d
&(ey1 *t €92) = (([y1. Fe(y1, ¥2) ], 3y, ) + trg(ad(y1)dy, Fe(y1, ¥2))) (€77) % €22
+ e/ x (([¥2. Gt (¥1, ¥2)]. 3y, ) + trg (ad(y1)dy, Ge(¥1, ¥2)) ) (€¥2).

With the Lie series F;, G;, one may associate two smooth 1-forms Ql.KV, i=1,2, on the unit interval with values in g®§(g*)
(see the computations at the beginning of [8, Section 1]), such that the following identities hold true:

2V ([, €], e¥2) =([y1. Fe(y1, y2) dt], 9y, )(e”") ® 72 + trg (ad(y1)dy, (Fe (y1. y2) dt))e’? @ €22,
25V ([, "], e7?) = e’ ® ([y2, Ge(y1, y2) dt], 9y, )(e”2) + trg (ad(¥2)dy, (Ge(y1, y2) dt) )’ ®@ €2,

whence, denoting by 7;(e,e) the t-dependent bidifferential operator of infinite order 7;(f1, f2) = f1 * f2, fi in A, we find
the homotopy formula

1

fixfofifa= / (@Y (1. fil. £2)) + T (2 (fo. [, 71]))). (8)
0

which is similar in its structure to the homotopy formula [8, Identity (7)] obtained by deforming the product = on C;“O, the
forms .QiKV, i =1, 2, being analogous to the pull-back with respect to a chosen curve y as in Theorem 3.2.
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