DOUBLE POISSON VERTEX ALGEBRAS

THIBAULT JUILLARD

ABsTRACT. In this talk, we introduce the theory of double Poisson algebras,
developped by Van den Bergh, and its vertex analogue, developped by de Sole,
Kac and Valeri. As an application, we present the induced Poisson (vertex)
structure that one can put on representation moduli spaces of a double Poisson
(vertex) algebra.

1. INTRODUCTION

A motivation for associative Poisson algebra is the fact that they give a frame-
work for Hamiltonian equations, which are very important objects coming from
mathematical physics. Let X be a manifold and M = T*X be its cotangent
bundle. It is a symplectic manifold, hence its coordinate ring &'(M) is a Poisson
algebra, with Poisson bracket {e,e}. Fix h € (M) a function, called Hamiltonian
function in this context, and denote by H the corresponding Hamiltonian vector
field. An integral curve v : I — M of H is characterized by the following property:
forall fe O(M) and t € I,

C(for(t) = {7} 07(1).

There are several generalizations for Poisson brackets. If one tries to replace
O(M) by a non-commutative ring R, to study noncommutative Hamiltonian or-
dinary differential equations, one can use the formalism of double Poisson bracket
introduced by Van den Bergh in [VdB08]. Double Poisson vertex algebras are intro-
duced in [DSKV15] by de Sole, Kac and Valeri as a formalism for noncommutative
partial differential equations. In this talk, we give an introduction to these theories
and, as an application, we present the construction of the induced Poisson (vertex)
structure on the moduli spaces claffisying the representations of the double Poisson
(vertex) algebra.

Convention. In this talk, all algebras are assumed to have a unit element.

Aknowledgment. I want to thank Ben Davison and Lucien Hennecart for orga-
nizing this worshop with energy and kindness, and for provinding fundings. I am
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2. DOUBLE POISSON ASSOCIATIVE ALGEBRAS

Let R be an associative C-algebra. Denote by i : R®c R — R the multiplication
map and ¢ : R ®c R — R ®c R the permutation map:

ocla®b) =b®a, a,becR.
There is a R-bimodule structure on R ®c R given by the formula
ab®c)d=ab®cd, a,bc,deR.
Denote by ® the natural product on R ®c R°P, defined explicitely as:
(a®b)®(c®d) :=ac®db, a,b,c,d€E R.
Definition 2.1 ([VdB08]). A double Poisson bracket on R is a linear map
{{e,¢}} :R®c R— R®c R
such that the following axioms hold. Set a,b,c € R.
(1) Skew-symmetry: {{a,b}} = —a({{b,a}}).
(2) Left Leibniz rule: {{a,bc}} = {{a,b}} ¢+ b{{a,c}}.
(3) Jacobi identity:
Ha, {0, e — {6, o, P Jrr = {{Ha, 03} e}
whith the following notations for elements in R ®c R ®¢c R:
{a.b@ch =t o,
{b,a@chri=a@{{bc}},

{a®@b,c}} = Zut @buv, where {a,c}t = Zut ® vy

teT teT
Equipped with {{e, e}}, the algebra R is called a double Poisson algebra.
Ezample 2.2. Set R := C(x1,...,x,), the algebra of noncommutative polynomials.
We define the noncommutative partlal derivative a : R = R by the formula:

k
0 g 1)
x'Ll : xlk ip=jLiy """ Lip_y ® Ligpq " Ly
dx;

Poisson double brackets on R are all of the form
0Og of
W= ¥ sLolmapor ()
1<i,j<n Zj Li
where the quantities {{z;,z;}} € R® R, 1 < i,j < n, verify the skew-symmetry

axiom and the Jacobi identity.

Ezample 2.3. Let R := C{x) be the free algebra spanned by one element. Up to
automorphism, there are two nontrivial possibilities for a double Poisson bracket
on this algebra:

{2y =2z®1 -1z o {rz)}=r*®z—-zx>

Denote by R the quotient R/[R, R] and call trace the quotient map tr: R — R.
For a,b € R, set:

{a,0} = p({{a, b}}),
(2.1) {tr(a), 0} = {a,b} = u({{a,0}}),
{tr(a), tr(b)} = tr({a, b}) = tr(u({{a, b}}))-
Lemma 2.4 ([VABO08|). These formulae induce well-defined maps
{o, 0} ‘R®cR— R and {o,0} :R®c R — R.
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Proof. Check the formulae:
{[a,b],c} =0 and {a,[b, ]} = [{a,b},c]+ b, {a,c}].

The lemma follows. O

Proposition 2.5 ([VAB08]). The pair (R, {e,}) is a Lie algebra which acts on R
by derivation according to the formula (2.1).

Remark 2.6. A noncommutative hamiltonian ordinary differential equation is an
equation of the form

dx

= {u(h).z}

where h, z(t) € R.

From now, assume that R is finitely generated as a C-algebra, with generators
Z1,...,Zn. Fix d > 1 an integer. Denote by Yy the subscheme of Maty(C)*™ which
encodes Hompg (R, Maty(C)) and denote by R its coordinate ring.

There is a natural map

R — Matq(Ry), a— (ai;)1<ij<d

where for all £ € Yy, the formula a; ;(§) == & ;(a) defines an element of Ry. This
map induces another one:

d
¢a: R — Ry, tr(x) —> Zx”
i=1

Remark 2.7. There is an action of GL4(C) defined on R4 by:

d

g - Qg = Z [g_l]i,ha/h,kgk,j7 ac R7 g € GLd(C)a 1 g Zv.] < d7
h,k=1

it is in fact induced by the natural action of GL4(C) on Y. The image of R by ¢g4
lies into the subalgebra of invariants, R CLa(©),

Proposition 2.8 ([VAB08]). The algebra Ry = O(Hompg(R, Maty(C))) can be
equipped with a Poisson bracket defined by the formula

{ai;, bh i} = Z[Ct]h’j [di]ie  where {{a,b}} = th ® dy,

teT teT
for a,b € R. Then, ¢q: R — Rq is a Lie algebra morphism.
Ezample 2.9. Let R := C(x). One has Y; = Maty(C) and

Ry = 0(Maty(C)) =Clu;; | 1 <4, < d].
If R is equipped with the Poisson bracket given by
{z,z2}=201-1®u«,

then Ry is equipped with its usual Poisson structure:

{wij, un i} = dimptn,j — Op=jUi k-

This construction can be adapted to the path algebra C(Q) of a quiver Q =
(I, A, s,e). Denote by 1;, i € I, the orthogonal idempotent elements corresponding
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to the empty path at the vertex ¢. The unit of the algebra is 1 = > . _,1;. If

d = (d;)iers is a dimension vector, define

Yy = Hom(@iEI C1.)-Alg <C<Q>, Endc (@ Cm))

i€l
= @ Matds(a)vde(a) (C)
a€A

iel

the moduli space of representations of @) of dimension vector d.

Take Q the double quiver associated to @ and denote by Yy the corresponding
moduli space. To all edges a € A one adds an edge in the opposite direction,
denoted by a*. One can define a double Poisson bracket on the generators of C <@>
by:

{{CL, a*}} = 1s(ot) ® 1e(a)7
with all the other double brackets assumed to be 0.

Remark 2.10. One can identify Yy with the cotangent bundle T*Yy. Then, the
Poisson structure induced by this double Poisson bracket corresponds exactly to
the one induced by the symplectic structure.

3. DOUBLE POISSON VERTEX ALGEBRA

Let V be an associative C-algebra equipped with a differential 0 : V — V.
Denote by V[A] the formal polynomials with variable A and coefficients in V. The
variable A is written on the left: the formula >-, Afay, denotes a generic element
in V[A]. Hence, if A is substituted by some endomorphism of V', one gets a well-
defined element in V.

The multiplication map p and the permutation map ¢ naturally extend to formal
polynomials, as ® and the bimodule structure do.

Definition 3.1 ([DSKV15]|). A double Poisson vertex bracket on'V is a linear
map

forel} : VeV — Vac VA

a®b— Z AE {{a(k)b}}

k>0
such that the following axioms hold. Set a,b,c € V.
(1) Skew-symmetry: {{axb}} = —o({b_r—sa}}).
(2) Left sesquilinearity: {{0axb}} = =X {{axb}}.
(3) Left Leibniz rule: {{axbc}} = {{axb}} ¢+ b{axc}}.
(4) Jacobi identity:

{ax {oue . — {bn {aacht e = Hfaxd}} avuchh, -

Equipped with {{e, e}}, the differential algebra V is called a double Poisson vertex
algebra.

Example 3.2. Set V .= C <x£p) |1<i<n, pe Z>0>, the algebra of noncommu-

tative differential polynomials, which is equipped with the differential 0 defined by
the relations:
5‘1:5’0 = xl(k), 1<i<n, kéeZy.

Define the noncommutative partial derivative ﬁ : V' — V by the formula:
T
J

k

0
@) 2l = 37 b Sl 2l @l .
J =1
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Poisson double vertex brackets on V' are all of the form

{hHely= > 3i€1) © A+ 09)! {{xl(»o)(A+a)x§_0) }}_> (-A=0)Po0 ( 3{;}))

ox

I<i,gsn i

pP,q€Z

where the quantities {{xgo) )\xg_o) }}, 1 <i,j < n, verify the skew-symmetry axiom

and the Jacobi identity. The notation {{a(,\_s_@)b}}ﬁc means that 9 has to be
apllied to the right:

(asath, =33 (N (ol 0

k>0 i=0

Denote by V' the quotient V/[V, V] and call trace the quotient map tr: V — V.
Denote by V' the quotient V/([V, V] + dV) and call residue the quotient map [ :
V — V. For a,b € V, set:

{axb} == p({{arb}}),
{a, b} = {axb} |r=0,
{[a,b} ={a,b},
{fa, Jb} = [{a,b}.
Lemma 3.3 ([DSKV15]). These formulae induce well-defined map
{0,0}:V@cV =V and {ee}:VacV V.

Proposition 3.4 ([DSKV15]). The pair (YN/, {o, 0}> is a Lie algebra which acts on

V' by derivation and whose action commutes with 0.

Remark 3.5. There is a structure of conformal Lie algebra on V equipped with
the induced map 0, that is to say there is an induced brackt {e)e} which is skew-
symmetric, left sesquilinear and verifies the Jacobi identity. This conformal Lie
algebra acts on R by conformal derivations. Quotienting by OV, one gets the
action of the Lie algebra VonV.

Let us discuss a vertex analogue to the construction of the induced Poisson struc-
ture on the variety of representations. Denote by V; the commutative differential
algebra spanned by the formal elements

z;; for zeV, 1<i4,j<d,

with the relations
d
(T +9Y)ij=Tij+Yij, (2)ij=2z2i5 (2Y)ij= in,kyk,ja (0x); 5 = Oz 4,
k=1

forz,yeV,zeCand 1<1i,j5<d.

Proposition 3.6 ([DSKV15]). The differential algebra Vy can be equipped with a
Poisson vertex bracket defined by the formula

{ai jxbp i} = Z)\k Z [cetlnjldidlie  where  {{aw)b}} = Z Ch,t © di t,

k>0  teTy LeTy,
fora,beV.

Ezample 3.7. Let V := C(z?) | p € Z>(). One has

Rd:c{ug.?|1<z‘,j<d,p€Z>0}%
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as a differential algebra, it coincides with V¢(Mat4(C)), the universal Poisson vertex
algebra at level ¢ associated to the Lie algebra Mat(C) and the trace bilinear form.
If V is equipped with the double Poisson vertex bracket given by

{rrz =201 -1+ A(1®1),

where ¢ € C is a fixed constant called level, then Vj is equipped with its usual
Poisson vertex bracket:

{wijaun ik} = 0imktn,; — Op=jUi & + ACOi=t0;=p.
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