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Abstract

A Com-PreLie bialgebra is a commutative bialgebra with an extra preLie product sat-
isfying some compatibilities with the product and coproduct. We here give a classification
of connected, cocommutative Com-PreLie bialgebras over a field of characteristic zero: we
obtain a main family of symmetric algebras on a space V of any dimension, and another
family available only if V' is one-dimensional.

We also explore the case of Com-PreLie bialgebras over a group algebra and over a tensor
product of a group algebra and of a symmetric algebra.
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Introduction

Com-PreLie bialgebras, introduced in [1, 2|, are commutative bialgebras with an extra prelie
product, compatible with the product and coproduct: see Definition 1 below. They appeared in
Control Theory: the Lie algebra of the group of Fliess operators [4] naturally owns a Com-PreLie
bialgebra structure, and its underlying bialgebra is a shuffle Hopf algebra. Free (non unitary)
Com-PreLie bialgebras were also described, in terms of partionned rooted trees.

We here give examples of cocommutative Com-PreLie bialgebras, and in particular, we classify
all connected cocommutative (as a coalgebra) Com-PreLie bialgebras. We first introduce in
Theorem 2 a family S(V, f, A\) of cocommutative and connected Com-PreLie bialgebras, where
V is a vector space, f a linear form on V and A a scalar; these objects are classified up to
isomorphism in Proposition 4. As a bialgebra, S(V, f, A) is the usual symmetric algebra on V'
and, for any z,x1,...,z € V:

rexy...xp = Z ]I]!)\mf(:c)Hf(xi)Hxi.

IC[K] iel i

Secondly, we give in Theorem 5 all homogeneous prelie products on the polynomial algebra
K[X], making it a Com-PreLie algebra: we obtain four families. Among them, only a few satisfies
the compatibility with the coproduct: we only obtain a one-parameter family g(l)(l, a, 1), where
a is a scalar, see Proposition 8. For any k,l € N, in g (1, a, 1):

xtext— N _xki
l+1
The underlying Lie algebras of these preLie algebras are described in Proposition 9 as semi-direct
products of abelian or Faa di Bruno Lie algebras. We prove in Theorem 10 that these examples
cover all the connected cocommutative cases. Namely, if A is a cocommutative Com-PreLie
bialgebra, connected as a coalgebra, then it is isomorphic to S(V, f,\) or to g (1,a,1) (we
should precise here that we work on a field of characteristic zero).

We then turn to the non connected case and start with preLie products on group algebras.
We prove that if G is an abelian group, then any preLie product e on KG making it a Com-PreLie
bialgebra is given, for any g, h € G, by:

geh=Xg,h)(g— gh),

where (A(g,h))gnec is a family of scalars satisfying certain conditions exposed in Theorem 19.
These conditions imply that if G is a finite group, then e = 0. If G = 7Z, we prove in Theorem
21 that there exist two families of preLie products on the Laurent polynomial algebra K[X, X ~1]
making it a Com-PreLie bialgebra.

We end by several results on the Hopf algebra K|G]® S(V'), where G is an abelian group and
V' a vector space. In particular, we give in Theorem 26 all possible preLie products making it a
Com-PreLie bialgebra, with the extra conditions that S(V') is a non trivial PreLie subalgebra,
isomorphic to S(V, f, ).

This text is organized in six sections. The first one gives reminders and definitions on Com-
PreLie bialgebras and Zinbiel-PreLie bialgebras. The second one is devoted to the existence
of Com-Prelie bialgebras S(V, f,\), and the third one to the classification of homogeneous
preLie products on K[X]. The theorem of classification of connected cocommutative Com-PreLie
bialgebras is proved in the fourth section. The study of preLie products on a group algebra is
done in the fifth section and the last one deals with the general case K[G] ® S(V).

Notations 1. 1. We denote by K a commutative field of characteristic zero. All the objects
(vector spaces, algebras, coalgebras, prelie algebras. ..) in this text will be taken over K.

2. For all n € N, we denote by [n] the set {1,...,n}.



3. Let V be a vector space. We denote by S(V') the symmetric algebra of V. It is a Hopf
algebra, with the coproduct defined by:

Vv eV, Av)=v®1+1®wv.

1 Com-PreLie and Zinbiel-PreLie algebras

Notations 2.

Definition 1. 1. A Com-PrelLie algebra [6] is a family A = (A,-,e), where A is a vector
space and -, ® are bilinear products on A, such that:

Va,b e A, a-b=b-a,

Va,b,c € A, (a-b)-c=a-(b-c),

Va,b,ce A, (aeb)ec—ae(bec)=(aec)eb—ae(ceb) (preLie identity),
Va,b,c € A, (a-b)ec=(aec)-b+a-(bec) (Leibniz identity).

In particular, (A,-) is an associative, commutative algebra and (A, e) is a right preLie
algebra. We shall say that a Com-Prelie algebra is unitary if the associative algebra (A,-)
has a unit, which will be denoted by 1.

2. A Com-PreLie bialgebra is a family (A, -, e, A), such that:

(a) (A,-, ) is a unitary Com-PreLie algebra.
(b) (A,-,A) is a bialgebra.
(c) For all a,b € A:

Alaed) =aV @ a® eb+aV eb® @a? . p?),
with Sweedler’s notation A(z) = (M) @ z(2),

3. A Zinbiel-Prelie algebra is a family A = (A, <, e), where A is a vector space and <, o are
bilinear products on A, such that:

Va,b,c € A, (a<b)<c=a<((b<c+ec=<D) (Zinbiel identity),
Va,b,ce A, (aeb)ec—ae(bec)=(aec)eb—ae(ceb) (preLie identity),
Va,b,c € A, (a<bjec=(aec)<b+a-(b<c) (Leibniz identity).

In particular, (A, <) is a Zinbiel algebra (or half-shuffle algebra) [3, 5, 7]. The product -
defined on A by a-b=a < b+ b < a is associative and commutative, and (A,-, <) is a
Com-PrelLie algebra.

4. A Zinbiel-PreLie bialgebra is a family (A, -, <, e, A) such that:

(a) (A,-,e,A) is a Com-PreLie bialgebra. We denote by A the augmentation ideal of A,
and by A the coassociative coproduct defined by:

A‘ A+ — A+®A+
’ a — Ala)—a®l-1®a.

(b) (Ay, <, e) is a Zinbiel-PreLie algebra, and the restriction of - on A is the commuta-
tive product induced by <: for all z,y € Ay, c<y+y<z=2x-y.

c) For all a,b e , with Swee er’s notation A(z) = ®x", for all a,b € :
For all a,b e Ay h Sweedler’ A ! " forall a,be Ay

Ala<b)=d <tV @d - b'"+d <b@d +d @d" b+a<b b +axb.



Remark 1. 1. If (A,-,e,A) is a Com-PreLie bialgebra, then for any A € K, (A, -, e, A) also
is.

2. If (A, <, e, A) is Zinbiel-PreLie bialgebra, denoting - the product induced by <, (A, -, e, A)
is a Com-PreLie bialgebra.

3. If A is a Zinbiel-PreLie bialgebra, we extend < to Ay ® A+ A® A4 by a <1 = a and
1 <a=0forall a € A;. Note that 1 < 1 is not defined.

4. If (A, -, e) is a unitary Com-PreLie algebra, for any z € A:
lex=(1-1)ex=(lex)-1+1-(lex)=2(lex).
Hence, for any x € A, 1ex = 0.

5. If (A4,-,e,A) is a Com-PreLie bialgebra, we denote by Prim(A) the subspace of primitive
elements of A. For any x € Prim(A):

Alzel)=z®lel+1Rrel+1lxRrel+zrxlel
=1®@zrel+1®@xel.

So x @1 € Prim(A). We shall consider the map:

| Prim(A) — Prim(A)
fa { r — xel.

2 Examples on symmetric algebras

Our goal in this section is to prove the following theorem:

Theorem 2. Let V' be a vector space, f € V*, A € K. We give S(V') the product e defined by:

Ve e S(V), lex =0,
Ve, z1,...,25 €V, rTexy.. Z\I\')\mf Hf T H.Z‘Z,
el ¢l
Vai,...,xx € V, Ve € S(V), a:ko:v—z:xl (x;0x)... 2k
Then (S(V'),m,e,A) is a Com-PreLie bialgebra, denoted by S(V, f, \).
2.1 Two operators
We shall consider the two following operators:
S(V) — S(V)
0:
T1...Tp —> Z[El L Ti— 1f .CC,).TH_l T,
S(V) — S(V)
¢:q x1...T)p — Z/\II‘]I]!Hf(xi)Hmi,
IC[K] icl igl
where x1,...,x are elements of V.



Lemma 3. 1. For any u,v,w € S(V):

d(uv) = d(u)v + ud(v),
90 9(v)b(w) — H(A(v)B(w)) = D 0 G(w)(v) — HAw)B(v)).

2. For anyu e S(V):

Aod(u) = (0@ Id)o Alu) = (Id® 0) o A(u),
Ao p(u) = (¢p®Id) o Au) +1® ¢(u).

Proof. 1. The fact that ¢ is a derivation is immediate. Let us prove the second assertion. We
consider v =x1...x; and w =1y ...y, with x1,..., 2, and y1,...,y; € V. Then:

dod()pw)y= Y N IT f@) [T rw) T @ Ilw

IC[k], 01, i€Tu{io} jed i¢Iufio}  j¢J
JC[]
= > AT f @) TT £ L= [T v
OCIC(K], iel jeJ il j¢J
JC[l]
> AT f ) TT £ @) T = [T s
0CIC(k], i€l jeJ gl jgJ
PCICl)
=p1(v,w)
+ > A @) [T [T v
DCIC[K] iel gl jell]
+ > AR ) T Fw) T v
0CJC[l 1€[k] jedJ jeJ
+ AR Hf z) [T v
i€[k] jel

Observe that p1(v,w) = ¢1(w,v).

P(0(v)p(w))
= > Ay IT seo I s IT = I1 w
welk], IC[k]\{i0} ielU{io} jeJuJ” ¢ IU{io} jeJuJ”

JCll], TSN,
AR\ Jio} or J7A[\J

= >0 A ST s 1 - D | T TT ) T [T v

OCIC[K], J=J'uJ”, el jed ¢l j¢J
T[] T



For any I C [k], J C [I]:

[J]
m( 3 |J'r'<u”|+|f|—1) |I|Z<'J')k:' 1]+ 17] - 1!

J=J'ug”
/]

k
= |I|MJ]|!
H!J!Z(m_l)
k=0

HI+|J]-1

— iy (]I|k1>

k=|1|—1
I!+|J|>
= I!J!(
= (I + 1D

o (T + 1) if T £ [0,
2> 7+ 1 - ) {(\I[+|J|)!—\I!!|J|!1fJ:[l].

J=J'uJ”,
J'#(]
This gives:
s(O)o(w) = > NN 4 I @) [T Fwn [T T [ v
PCICk], i€l jeJ i¢l  j¢J
pcJCll),
I£[k] or J#[I]
=2 (v,w)
+ Z )\|I| 1‘["1—[]0 xZ H'TZHyJ
0CICk iel ¢l el
+ Ak 1k!fo,- 1T v
i€[k] Jell]
Z )‘H—II‘ 1l'|1|'Hf xz ny] Hyj
OCIC[K] icl Jell] i¢l

Note that 2 (v, w) = pa(w,v). Finally:
90 p(v)p(w) = p(A(v)d(w)) = @1 (v, w) = pa(v,w)

+ > NI TT ) T Fw) T ws

0CIC]) i€[k] jeJ jeJ
+ Z )‘IHI' 1””"1_[]0 mz H f y] HZ/]
DCIC[K] iel jell] igl

This is symmetric in v, w.

2. Let us consider A ={ue€ S(V) | Aodu= (0®Id)oA(u)}. Asd(1)=0,1€ A. Ifx e V:
Aodw) = fe)1®1=0(x) ®1+0(1) © 1 = (06 Id) o A2),
soV CA. Let u,v e A.
Ao d(uv) = A(O(u)v + ud(v))
= 0(uM)o® @ u@y®@ 4+ M M) ® u@p®
= 0(uMvM) @ u@p?
= (0 ® Id) o A(uw).



We proved that A is a subalgebra of S(V') containing V', so A = S(V).
Let us denote by 7: S(V) ® S(V) by 7(a®b) =b® a. As A is cocommutative:

Aod=10A00
=70(0®Id)oA
={[d®Jd)oTo A
= (ld® ) o A.

Let u=x1...2, € S(V).

Nop(uy= > NI f@) [[=i© [] =

[k]=ILJUK, iel jeJ keK
JUK#D
= > AN Ire) Iz [Ta+ D A r@ne IT «
[k]=IUJUK, i€l jeJ keK [k]=IUK, i€l keK
JH#D K#()
> d’(sz‘) @[] 2 +1®¢(w)
[k]=IUK i€l keK

= (¢®@Id)oAu) +1® d(u),
which ends this proof. O
2.2 Proof of Theorem 2
To start with, observe that for any u,v € S(V):
uev=0(u)p(v).
1. We first prove the Leibniz identity. Let us take u,v,w € S(V). As 9 is a derivation:
(uv) o w = B(uv)$(w) = D(w)v(w) + ud(V)(w) = (u o w)v + u(v » w).
2. Let us now prove the prelie identity. If u,v,w € S(V):

(wev)ow—ue(vew)=0a(0(u)p(v)p(w) — (u)p(d(v)p(w))
2

Q’)

By Lemma 3, this is symmetric in v, w.

3. Let us finish by the compatibility with the coproduct. For any w,v € S(V'), by Lemma 3:

Auev) = A(O(u)p(v))
—Aoa(u)(¢v ) 2+ 1@ ¢(v))

A(uM)p(M) & ()+u(1) ® O(u®)p(v)
u® 0o @ u@ <2>+u<>®u<>.v

Hence, S(V, f,\) is indeed a Com-PreLie bialgebra.
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2.3 Isomorphisms

Proposition 4. Let V.W be two vector spaces, f and g be linear forms of respectively V and
W, and \,u € K. The Com-PreLie bialgebras S(V, f,\) and S(W, g, ) are isomorphic if, and
only if, one of the two following assertions holds:

1. f=9g=0 and dim(V) = dim(W).
2. X = u and there exists a linear bijection ¢ : V. — W such that go ¢ = f.

Proof. 1f the first assertion holds, then both preLie products on S(V, f,\) and S(W, g, u) are
zero. Any linear isomorphism between V and W, extended as an algebra isomorphism, is a
Com-PreLie bialgebra isomorphism.

If the second assertion holds, the extension of ¢ as an algebra isomorphism is a Com-PreLie
bialgebra isomorphism.

Let W : S(V, f,\) — S(W, g, ) be an isomorphism. It is a coalgebra isomorphism, so the
restriction ¢ of ¥ to Prim(S(V)) =V is a bijection to Prim(S(W)) = W. As VU is an algebra
morphism, it is the extension of ¢ as an algebra morphism from S(V') to S(W).

Let z,y € V. Then:

V(zey)=V(f(z)y) = f(x)¥(y)
= U(z)e V(y)

= goy(x)(y).

Choosing a nonzero y, this proves that f = go. As a consequence, f = 0 if, and only if, g = 0.
Let x,y,2z € V. Then:

U(zeyz) = f(x)(y)v(z) + M (@) f(y)v(2) + Af (2) f(2)¥(y)

= ¥(x) @ (y)i(2)
= f@)p )Y (z) + uf (@) f(y)e(2) + puf () f(2)P(y)
If f#0, let us choose x = y = z such that f(z) =1. Then 2\ (z) = 2up(z), so X\ = u. O

Remark 2. If e is the product of S(V, f, A) and p # 0, the Com-PreLie biagebra (S(V'), m, ue, A)
is S(V, uf, A ).

3 Examples on K[X]

Our aim in this section is to give all preLie products on K[X], making it a graded Com-PreLie
algebra.

Recall that K[X] is given a Zinbiel product <, defined by:

Vi, j> 1, Xi< X9 = Xt
1+

The associated product is the usual product of K[X].
We shall prove the following result:

Theorem 5. The following objects are Zinbiel-PreLie algebras:



1. Let N>1, \a,be K, a#0, b¢ Z_. We put g)(N, X, a,b) = (K[X],m,e), with:

IANXTif 5 =0,
Xie XJ = aﬁX”j if j #0 and N | j,
N

0 otherwise.

2. Let N>1, \peK, u#0. We put g® (N, \, p) = (K[X], m, o), with:
iIAXTif § =0,
X'e X7 = ipXtN jfj = N,

0 otherwise.

3. Let N>1, \peK, p#0. We put g® (N, \, ) = (K[X], m, o), with:
INXTif 5 =0,
X' e X7 = iuX™ if j£0 and N | j,
0 otherwise.

4. Let X e K. We put g™ (\) = (K[X], m, ), with:

Xioxi_ X 5=0,
0 otherwise.

In particular, the preLie product of g™ (0) is zero.

Moreover, if ® is a product on K[X], such that g = (K[X], m,e) is a graded Com-PreLie algebra,
Then g is one of the preceding examples.

Remark 3. If A= ¢, in gD (N, \, a,b):
S XN | g,

X'e Xl ={ xtb
0 otherwise.

We denote g™ (N, a,b) = g(N, 7,a,b).

3.1 Graded preLie products on K[X]

In this paragraph, we look for all graded preLie products on K[X], making it a Com-PreLie
algebra. Let @ be a homogeneous product on K[X], making it a graded Com-PreLie algebra. For
all 7,j > 0, there exists a scalar \; ; such that:

X' o X7 =N\ ;X"
Moreover, for all 4,5,k > 0:
Xi+j ° Xk — )\i+j,kXi+j+k
= (X'X7) e X
= (X'e XM X7 + X{(X7 0 XF)
= (Aie + Ajpe) XTHHE,
Hence, A\itjr = Aik + Aj k. Putting A\, = Ay for all & > 0, we obtain:

X' o X7 =)\ X",



Lemma 6. For all k >0, let \, € K. We define a product e on K[X] by:
X" o X7 =i\ X",
Then (K[X], m,e) is Com-PreLie if, and only if, for all j,k > 1:
(G = kA Njrk = (= k) Aj Ak
Proof. Let 1,7,k > 0. Then:
X'o (X7 0 X") — (X0 X7) 0 XF = (ij\Ajyr —i(i + 5)AAp) XTI TR,

So e is preLie if, and only if:

iy gk 2 0,0 Ak Aj ek — 100+ 5) A A = kA Aj 1k — (i + B)AjAw

Vi k=0, (A — kX)) Ak = (J = k)Aj A

= Vik 2 LA = kXA = (7 — k) A Ak,
as the identity is trivially satisfied if j =0 or k = 0. O]

Lemma 7. Let @ be a product on K[X|, making it a graded Com-PreLie algebra. Then (K[X], <
,®) is a Zinbiel-PreLie algebra.

Proof. Let us take i,k, k>0, (i,7) # (0,0). Then:
(X" e XF) < X7+ X? < (X7 0 XF) = N\ (i XTTF < X7 4 j X7 < XTTF)
Lo (AR Y g
i+j+k  itit+k
W Garats

_ Z+ . A fXZ—’_]J’_k,
(i+7) kl_'_]
(X' < X9) e XF = 1 Xi+i ¢ x*
1+
_ by yititk
= (Z—i-]))\kX

1+
_ Z'AkXi+j+k.

So K[X] is Zinbiel-PreLie. O

Proof. (Theorem 5-1). Let us first prove that the objects defined in Theorem 5 are indeed
Zinbiel-PreLie algebras. By Lemma 7, it is enough to prove that they are Com-PreLie algebras.
We shall use Lemma 6 in all cases.

1. Forall j > 1, \; = a%_kb if N | j and 0 otherwise. If j or k is not a multiple of N, then:
g

(A = EXj)Njpr = (G — K)A\jAp = 0.
If j = Nj’ and k = NK', with j/,k € N, then:
-/ kl 1
\e — kA Ajp = Na2 [ —L— —
(]k: j) j+k a <k/—|—b j’—i—b)j’+k/+b
a2 j12 . k/2 4 b(]l o k/)
(5" +0)(K' +b) (5’ + k' +b)
]/+k/+b
(J'+b) (K +b)(j + K +b)
1
2 .
k)=
R w )

= Na*(j' = ')

10



2. In this case, \; = p if j = N and 0 otherwise. Hence, for all j, k > 1:
(G Ak = kA Ay = 12 (0k,N — kGjN)Sjgkn = 0,
(j — k)X e = (5 — k)6j Nk N = 0.
3. Here, for all j > 1, \j = p if N | j and 0 otherwise. Then:
P2 — k) if N | j,k,

0 otherwise;

/J“Z(] _k) 1fN|.77k7

0 otherwise.

(JA = kX Ajk = { (J = k)N, = {

4. In this case, for all j > 1, A\; = 0 and the result is trivial. O

3.2 Classification of graded preLie products on K[X]

We now prove that the preceding examples cover all the possible cases.

Proof. (Theorem 5-2). We put X' e X7 = iX\; X"t for all i, > 0 and we put A = X\g. If for all
j=>1,;=0, then g = g (\). If this is not the case, we put:

N =min{j > 1| ); # 0}.

First step. Let us prove that if ¢ is not a multiple of N, then A\; = 0. If 7 is not a multiplie
of N, we put i = ¢N + r, with 0 < r < N, and we proceed by induction on ¢. If ¢ = 0, by
definition of N, A\ = ... = Ay_1 = 0. Let us assume the result at rank ¢ — 1, with ¢ > 0. We
put j =i — N and k = N. By the induction hypothesis, A; = 0. Then, by Lemma 6:

(i— N)AnA; = 0.

As i N and Ay # 0, \; = 0. It is now enough to determine \;nx for all ¢ > 1.

Second step. Let us assume that Aoy = 0. Let us prove that \;y = 0 for all ¢ > 2, by
induction on ¢. This is obvious if ¢ = 2. Let us assume the result at rank ¢ — 1, with 7 > 3, and
let us prove it at rank i. We put j = (i — 1)N and k = N. By the induction hypothesis, \; = 0.
Then, by Lemma 6:

(i —2)NAyAN = 0.

Asi>3and Ay # 0, \;y = 0. As a conclusion, if Ay = 0, putting g = Ay, g = g (N, \, p).

Third step. We now assume that Aoy # 0. We first prove that A\;y # 0 for all ¢ > 1. This is
obvious if ¢ = 1,2. Let us assume the result at rank ¢ — 1, with ¢ > 3, and let us prove it at rank
i. We put j = (i —1)N and k = N. Then, by Lemma 6:

(JAN — NXj)Ain = (i —2)NXjAn.

By the induction hypothesis, A; # 0. Moreover, i > 2 and Ay # 0, so Ay # 0.

For all j > 1, we put pu; = AN - this is a nonzero scalar, and g1 = 1. Let us prove inductively

AN
that:
K2 k-1,
= tk+#2.

If k=1, m:lzoi(‘iﬁ,and,ug#Oas Xon # 05 if k=2, o = 1—u02m' Let us assume the

result at rank k£ — 1, with £ > 3. By Lemma 6, with j = (k — 1)N and k = N:

((k = 1)NAN — ANpi—1)Anpi = (k — 2)N 10 X,
(k= 1) — p—1) = (k = 2)p—1.

11



Moreover, by the induction hypothesis:

_ 12
k=D =pme =k=1- =,

(k= D)k —2) — (k= 1)k —3) + Das
- (k—2) — (k- 3)s
(k—1) — (k= 2)us

=(k—-2 .

( )%*Q%Wk*$m
As pp—1 # 0 and k > 2, this is nonzero, so p2 7é . We finally obtain:
1 (k=2)— (k- 3)u o

ﬂkz:(k_2)'uk*1]€_2(k;—1)—(k—2),u2: (k—l)—(/{:—Q),ug.

Finally, for all k > 1:

Aoy = ajio _ AN 142
(k=1)—(k=2p2 (1 —p2)k+2u -1

Last step. If pus = 1, then for all k > 1, \pgy = An: this is a® (N, M\ An). If o # 1, we put
b= 2ol Aspg #0,b# —1. Abforallk>3 po # B b# —kyand b # —2,s0b ¢ Z_.
Moreover, for all k& > 1:

)I\N#Z
A _ LTH2
T kb
We take a = )‘N“Q , and we obtain g™ (N, \, a,b). O

Proposition 8. Among the examples of Theorem 5, the Com-PreLie bialgebras (or equivalently
the Zinbiel-PreLie bialgebras) are g™ (0) and gV (1,a,1), with a # 0.

Proof. Note that g(V)(1,0,1) = g (0). Let us first prove that g(1,a,1) is a Zinbiel-PreLie
bialgebra for all @ € K. By the first remark following Definition 1, it is enough to consider
g(1,1,1). We consider:
A={zecg(1,1,1) | Vycg(1,1,1), Az ey) =2 @ 2P ey + 21 ey @ 2Py}
Firstly, 1 € A: for any y € g(1,1,1),
A(ley)=0= 1@ley+1eyMx1y?

Let x1,x29 € A. For any y € g(1,1,1), by the Leibniz identity:

A((z122) 0 y) = A(z1 @ y)A(z2) + Ax1)A(22 0 Y)

_ xgl)xél) ® ( (2 o y)xéQ) + (xgl) o y( )) (1) ® :U( ):E(Q) (2)
+ xgl)a:gl) ® Zlig )( 2) o y) + xgl)($é1) ° y( )) Q l’g )375 )y(2)
= 2"z’ @ (2P2D) oy + (@Val)) 0y @ 2Pl y®

= (z122)V @ (122)? 0y + (z122) VoulletyV @ (z129)Py@.
So z1xe € A: A is a subalgebra of K[X]. Hence, it is enough to prove that X € A. Let n > 0,

12



let us consider y = X™.

1

14+n
n+1

n! i _
— X Xn+1 k.
kzo Motk ’

X0 oy g Xx@y@ — X 0y gy 10

A(X oy) = A(X"T

n

n!
— Xk’+1 ® ank’
];) k+ Dl —k)
n+1

n!
— Xk Xn-i—l—k,
; Motk ’

X(1)®X(2)oy:1®Xoy+O

n!
— XU XTL+1—0'
Omti-op

This proves that X € A, so g(1,1,1) is a Zinbiel-PreLie bialgebra.
Let g be one of the examples of Theorem 5. Firstly:

AXeX)=XR1leX+1XeX
+XeX®R1+XelX+leXX +1lel®X?
MIRX? 42X X+ X201) =M1 X2+ A X @ X + X201,

This gives A\g = 2);. In particular, if g = g ()\), then A = 2\; = 0: this is g(¥(0). In the other
cases, N exists. By definition of N, X ¢ X¥ =0if 1 <k < N — 1. We obtain:

N
N
A(XoXN):1®XoXN+X®1oXN+Z(k)(XoXk®XN_’“+1oXk®X"_k+1)
k=0
MIWAXY T =10 X e XV AX @ XV +10 X e XV,

If A = 0, we obtain that XN*! is primitive, as Ay =0, so N +1 = 1: absurd, N > 1. So A # 0,.
The cocommutativity of A implies that N = 1.

AX e XH =0(X?21+3X20X +3X @ X?+1® X?)
— 10X e X2 420 X2 X + XX @X2+1® X ¢ X?

Hence, 3\y = 2);.
o Ifg= g(3)(1, A, i), we obtain 3u = 2u, so u = 0: contradiction.
o Ifg= 9(2)(1, A, i), we obtain 0 = 2u, so p = 0: contradiction.

So g = gM(1, \,a,b). We obtain:

a a
3 =2
24b T1+0b
sob=1. Then \g=2\ =% =a=%,s0g=g"V(1,a,1). O



3.3 Underlying Lie algebras

We aim in this paragraph to describe the underlying Lie algebras of the prelie algebras of
Theorem 5. Let us first recall the construction of of the semi-direct sum of two Lie algebras. Let
g, b be two Lie algebras and let 7 : h — Der(g)°? be a Lie algebra morphism, where Der(h)°P
is the opposite of the Lie algebra of derivations of the Lie algebra h. Then g @ H is given a Lie
bracket in the following way: if z,2’ € g, v,y € b,

[z +y, 2" +y] = 2,2l - 7(y).2" + 7().x + [y, /]y
This Lie algebra is denoted by g &, h. Here are the examples we shall use in the sequel:

1. Let g be a graded preLie algebra. Then the abelian Lie algebra K acts on g by derivation:
if x € g is homogeneous of degree n, then 7(1)(z) = nz. The associated semi-direct sum is
denoted by g ®geq K.

2. Let g be a Lie algebra and let m be a right g-module; the action of g over m is denoted by
m. Considering m as an abelian Lie algebra, we obtain a semi-direct product m @, g. For
any z,27’ € m, y,y € g:

t+y. 2 +y] =2y — 2" y+[yy]

We shall use the Faa di Bruno Lie algebra grgp: as a vector space it has a basis (e;);>1, and
its Lie bracket is given by:

Vk, 1> 1, ek, er] = (K — ek

This is the Lie algebra of the group of formal diffeomorphisms {x + aj2? + ...} C K][[z]], with
the composition of formal series. For any A € K, the right grgp-module has a basis (fx)r>0 and:

Vk, 1 > 1, fk.el = (k‘ + )‘)fk-l-l'

Any g described in Theorem 5 can be decomposed into a semi-direct sum g4 @ gg, where
go = Vect(1) and gy = Vect(X* k > 1). The action of gg over g is given by the product e.
As a consequence, if A = 0, this is a trival action and g is isomorphic to g+ @ K; otherwise, g is
isomorphic to gy @geq K. Let us now describe g .

Proposition 9. Let g be one of the Com-PreLie algebras of Theorem 5 and let g its augmen-
tation ideal.

1. If g=gW(N, N\, a,b) or g® (N, \, ) then, as a Lie algebra:

N

g~ (Vy &...0Vaoi ) & sras.

2. If g = g® (N, \, ), let us put g1 = Vect(fy,1 < k # N) be an abelian Lie algebra and let
T be the action of K on g1 given by k.1 = frin for all k. Then:

g+ ~ g1 D7 92-

3. If g = g®(N), then g4 is abelian.

Proof. The cases 2 and 3 are immediate. Let us consider the case g = g(l)(N, A, a,b). We put
go = Vect(XN* k> 1) and for all i € [N — 1], g; = Vect(XNF+i k> 1). For all k > 1, we put

14



e = %X";; then (er)r>1 is a basis of gg and, for any k,[ > 1:

lex, )] = (k +]\Z;Z(12+ b) (XN o XIN _ XIN ¢ xkN)
a

(BB (RN N ey
Il+b k+0b

N2g2
kK+14+0b
= (k—1 7X(k+l)1\7
k—D—x.
= (k= D)ex-

So go is isomorphic to grgp. By definition of the preLie product, g & ... ® gny_1 is an abelian
Lie algebra. Moreover, if i € [N — 1], k > 0,1 > 1:

[XkN+i,el] — XkN+i °€l +0

kN +1 .
— X(k+l)N+7,
N

_ 4\ (k) N+i
(i £ s

So g; is a right go-module, isomorphic to V. The result follows. The proof for g@® (N, \, u) is
N
similar. O

4 Cocommutative Com-PreLie bialgebras
We now prove the following theorem:

Theorem 10. Let A be a connected, cocommutative Com-PreLie bialgebra. Then one of the
following assertions holds:

1. There exists a linear form f : Prim(A) — K and X € K, such that A is isomorphic to
SV, A).

2. There exists a € K such that A is isomorphic to gV(1,a,1).

First, observe that A is a cocommutative, commutative, connected Hopf algebra: by the
Cartier-Quillen-Milnor-Moore theorem, it is isomorphic to the enveloping Hopf algebra of an
abelian Lie algebra, so is isomorphic to S(V) as a Hopf algebra, where V' = Prim(A). If
V = (0), the first point holds trivially.

4.1 First case

We assume in this paragraph that V is at least 2-dimensional.

Lemma 11. Let A be a connected, cocommutative Com-PreLie algebra, such that the dimension
of Prim(A)) is at least 2. Then fq =0, and there exists a map F : A — A, such that:

1. For all z,y € Ay, zoy = Flx ®y)y" + F(z ® 1)y, with Sweedler’s notation A(y) =
yR1+1ey+y oy".

2. Forall zy,20 € A, F(x122® y) = F(21 @ y)x2 + 21 F (22 ® y).

3. F(Prim(A) ® A) C K.

15



Proof. We assume that A = S(V) as a bialgebra, with its usual product and coproduct A, and
that dim(V) > 2. Let z,y € V. Then:

Azey)=zeyxl+1@zey+ fa(r)®y.

As A is cocommutative, for all x,y € V', fa(z) and y are colinear. As dim (V') > 2, necessarily

f=o.

We now construct linear maps F; : V ® S*(V) — K, such that for all k¥ > 0, putting:
k k ‘
FO =@PF - PVves () —K
i=0 i=0

forall z € V, y € SK(V):
zey=FPzoy)ey + FP(ze1)y.
We proceed by induction on k. Let us first construct F(¥). Let , yeV.
Alzey?)=1@zey’ +trzey’ @1+ 2r0y®y.

As A is cocommutative, x e y and y are colinear, so there exists a linear map ¢g : V — K such
that = ey = g(z)y. We the take F(O(z ® 1) = g(z). For all z,y € V, z ey = F(x ® 1)y, so the
result holds for £ = 0.

Let us assume that F(O_ ... F(=2) are constructed for k > 2. Let z, Yi,--.,yr € V. For all
I Ck]={1,...,k}, we put yr = Hyi. Then:
el
Ay = >, iy,
TUJ=[k],I,J#0
and:

Alxoyi...yp) =1@zey...yp+zoy ...y 1+ Z Ty Qyy

[(k]=IL1T,J#0
=l@zey..yp+zeoy ... ys @1+ Z F*2 (2@ yr) @y @ yk.
TUJUK=[k],J,K#0
We put:
Plz,yi...yp) =z oyi...yp — Z FE2(z @ yr)y,.
ILT=[],|J[22

The preceding computation show that P(z,y; ..., yx) is primitive, so belongs to V. Let yp11 € V.

Alweyr...yps1) = > FE2) (2 @y )y, @yk
TUJUK=[k+1],K#0,|J|>2 5o (V)

K
+ P(@,yi- o gk) @Yk + D P@,yi - Yio1¥inn - Yh1) ® Ui
=1

By cocommutativity, considering the projection on V ® V, we deduce that P(z,y1...yx) €
Vect(yi, ..., Yk, Y1) for all nonzero yxy1 € V. In particular, for y1 = ygy1, P(x @ y1...yx) €
Vect(yi,...,yr). By multilinearity, there exists Fy,..., Fy € (V ® Si_1(V))*, such that for all
T, Y1, Y €V

Px,yr...yp) =Fl(@x@y2...y)y1 + ...+ FL(x QY1 Yr—1)Yi-
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By symmetry in yi1,...,yg, F{ = ... = F] = Fj_;. Then:

Teyl.yk= Y, FE2 (@@ yr)y, + Y Feal@oyy
IUJ=[K],|j|>2 IUJ=[K],|J|=1
= Y F¥ Yoy
ILJ=[R], j|>1

=FE D@ o)) o) + Fz@ Dy g
We finally defined a map F': V ® S(V) — K, such that for all z € V, b e S_(V),
reb=F(z @b+ F(z®1)b.
We extend F' in a map from S(V)®@ S(V) — S(V) by F(1®b) =0 and, for all z1,...,x, € V:

k

F(m...xk@b) :le...xi_lF(m®b)xi+1...xk.
=1

This map F satisfies points 2 and 3. We consider:
B={acA|Vbe S (V),aeb=F(ax V)t + F(a®1)b}.

Asleb=0forallbe S(V), 1 € B. By construction of F', V. C B. Let aj,as € B. For any
b S S+(V)
ajas @b = (a1 ° b)ag + al(GQ ° b)
= F(ay @ V)agt" + a1 F(az ¢ V)b + F(a; @ 1)ash + a1 F(az @ 1)b
= F(a1a2 X b/)b” + F(a1a2 X 1)b

So ajaz € B. We obtain that B is a subalgebra of S(V') containing V, so is equal to S(V): F
satisfies the first point. O

Remark 4. 1. In this case, for all primitive element v, the 1-cocycle of the coalgebra A defined
by L(xz) = a e = is the coboundary associated to the linear form sending = to —F(a ® ).

2. In particular, the preLie product of two elements x,y of Prim(A) si given by:
rzey=F(z®1l)y.

Lemma 12. With the preceding hypothesis, let us assume that F(x®1) =0 for all x € Prim(A).
Then e = 0.

Proof. We assume that A = S(V') as a bialgebra. Note that for all a,b € S;(V):
Alaeb)=ael/ @b +d et/ @d"t" +d eb®d" +d ®d" eb.

Let us prove the following assertion by induction on N: for all £ < N, for all x,yq,...,yx € V,
rzeyy...yr = 0. By hypothesis, this is true for NV = 1. Let us assume the result at a certain
rank N > 2. Let us choose z,y1,...,yny € V. Then, by the condition on N:

A(zey...yn) =0+04+04+0=0.

So x ey ...yyN is primitive.

Up to a factorization, we can write any x e y1 ...yxy as a linear span of terms of the form
z1® zfl ... zﬁ", with z1,..., 2, linearly independent, £1,...,8, € N, with 1 +... + 8, = N. If
n =1, as dim(V) > 2 we can choose any z9 linearly independent with z; and take 8o = 0. It is
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now enough to consider z; @ zlﬁl ...zﬁ", with n > 2, 21, ..., 2z, linearly independent, 31,..., 08, €
N,5i1+...+8,=N. Let aq,...,a, € N, such that aq +... + a, = N + 1.

n
—1
A(zlozf‘l...zz‘")zg iz @2t 2T ®
i=1

2 n
A 21 aq « aj a;—1 a
A<20z1 Sz :E ai(zre2]t 2T ) ® 2
i=1

n
i—1
—|—E iz @20t 2T ® 2z
=1

+ziez 2" Q2+ 21 @z @2 2,

[l V)

z
4

|

n
(A@Id)o&( ozf“...zﬁf”) :Zaizlozf‘l...zqu...zﬁ”®zl®zi
1=1

n
—1
+ E a;iz1 @z1 @2 2T L ® 2

=1
« a;—1
—|—E aizr ezt 2T L2 ® 2 @ 2.
i

The cocommutativity implies that for all 1 <i < n, a;z 27" ... zf‘i_l

We first choose oy = 51 + 1, o; = 3; for all ¢ > 2, and we obtain for ¢ = 1 that z; e 2151 zﬁ” S
Vect(z1). We then choose oy, = B, + 1 and «a; = §; for all i < n — 1, and we obtain for i = n
that z; e 2" .. zﬁ" € Vect(z,). Finally, asn > 2, z1 @ zfl . zﬁ" € Vect(z1) N Vec(za) = (0);
the hypothesis is true at trank N.

...zp" and z; are colinear.

We proved that for all x € V, for all b € S(V), x «b = 0. By the derivation property of e, as
V generates S(V), for all a,b € S(V),aeb=0. O

Lemma 13. Under the preceding hypothesis, Let us assume that F(Prim(A) @ K) # (0). Then
A is isomorphic to a certain S(Prim(A), f,\), with f(z) = F(x®1) for allz € V.

Proof. We assume that A = S(V') as a bialgebra. Let a,b,c € Sy (V). Then:

A(la,b) =d @ad" eb+aeb @b +d eb®d"
_b,®b/,.a_b.a/®a,/_b/®a®b/,+[a,,b/]®a”b”,
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where [—, —] is the Lie bracket associated to e. Hence:
(aeb)ec=F(la®1)bec+ Fa®b )t ec

=Fa®)Fb®1l)c+Fla®1)Fbed)
+ Fla@V)F"@1)c+ Fla@V)FO" @ )"

(aec)eb=Fla® 1)F(c@1)b+ Fla® 1)F(c® b))’
+Fla®d)F("@1)b+ Fla® d)F(d" @)V,

aefbc]=Flax 1)Fbo)c+Fla 1)Fb®d)d" — Fla® 1)F(c®1)b
—Fla®1)F(c® b’)b” +FlaV)FUV' @1)c+ Fla®b)Fb" @ )"
—Fla®d)F("®1)b—Flaxd)F(' @)+ Fla® F(b® 1)d)d”
+Fla@ Fbad)d )" —Fla® Flc@ 1)) — Fla® F(c®b)b" )"
+Fla@ F' @ 1))t + Fla® F(V @ )b — Fla® F(d @ 1)b)”
+ Fla® F(d @b )W")d"+ Fla@ F' @ 1) )"’ + Fla® F(b' @ )"
—~Fla® F(d @ )W — Fla® F(d @ ¥ )" )"

The preLie identity implies that:

=Fla® Fb®1)d)'+Fla® F(b®d)d")d" — Fla® F(c® 1)b )b
Fla® Flc® b’)b”)b”’ +Fa@FUW @1)c)b"+ Fla® F(V @ )"’
— Fla® F(d ) '+ Fla® F(d b))+ Fla® F(b' @1)d)b"”
+ F(a ® F( ) ”)bHC/” _ F(a ® F( ® 1)bl)b// " F( ( ® b/)b//)b///c,/.

Fora=zeV,b=yeV,as F(V®S(V)) CK, this simplifies to:
Faed)Flye 1)+ Flyod)Flze )" =Flxo F(d 2 1)y)d. (1)

Let x1,...,x, € V, linearly independent, ai,...,ar € N, with a1 + ... + ay > 1. We take
c= m?lﬂ .zt and d = 27" ... xp*. The coefficient of z1 in (1), seen as an equality between
two polynomials in 1, ..., xg, gives:

(a1 + 1) (FlzedFly®l)+ Flyed)F(z®d") = (i +1)F(zr® F(d® 1)y).
Hence, for all z,y € V, for all ¢ € S4(V):
Faec)Flyol)+ Flyed)Flz@d")=F(z® F(c®1)y). (2)

We put f(z) =F(z®1) forall x € V. If zq,...,2; € Ker(g), then:

F(zl...zk®1):Zzl...g(zi)...zk:O.

Consequently, if ¢ € S (Ker(f)) C SL(V), (2) gives:
Feeod)Flyel)+Flyed)Flzed)=0.

Let us choose y such that F(y ® 1) = 0. An easy induction on the length of ¢ proves that for all
ce Sy(Ker(g)), F(x®c) =0 for all z € V. So there exists linear forms g, € V*, such that for
all z,y1,...,y, € V:

Flx®yr...yx) = ge(x) f(y1) - f(yr)-
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In particular, hg = f. The preLie product is then given by:

k—1
seyrp =Y 0i0) Y e f) e S

1<n<..<ji<k

Let x,y,21,...,2,. € V.

k—1
wo(yozl...zk)—a;oz Z Zioo f(zi—1) - f(25) - 2
=0 J1seesJi

K
z)gr—1( Z f(zi—1)2zf(2j41) - f(2r) + S>2(V),

k
xo(zl...zkoy):Zf(yi)xozl...zi_lzi+1...zky

=/z7; 1(@) f(z1) - f(zk)y
+ (k= 1) f(z)gr-1( Zf 21) - f(2i-1) 2 f (zj41) - f(2k) + S>2(V),
k—1
(xozl...zk)oy:Zz;gi(:n)jl’zjizl...f(zjl)...f(zji)...zkoy
) gr—1( zk;f f(zj-1)7f (zj41) - - f(zR) + S=2(V).
Let us choose 21 = ... = z, such tjlzat £(2) = 1. Then:

Zf z1) - f(z-1)z f(2j41) - f(2k) = k2 # 0.
The preLie identity imphes:
— k—1
F@arat) + (= Dara@)10) ~ S atwlaia() (V) =0,
=0

so, for all [ > 1:

lgi( Z 9: (W), ( <l)

1\ &
:Zglm 2)gi(a ( )Z ) F5 )23 (1) o S () + Ssa(V),

3)

Let us choose x such that f(z) =1. Let us conslder y € Ker(f), let us prove that g;(y) = 0 for
all i > 0. As go = 0, this is obvious for ¢ = 0. Let us assume the result at all rank < [, with

[ > 1. Then (3) gives:

-1 l
0= Y )o@ (;) + ) f) = o)
=1

Consequently, for all [ > 1, there exists a scalar A\; such that g; = Af. Equation (3, for z,y such

that f(z) = f(y) =1, gives, for all [ > 1:
IN = Z)\ M\ () Z)\ M\ Z<>+)\l,
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so, for all [ > 2:
1 & I
w= g ().
=1
An easy induction then proves that A\; = l!)\ll for all [ > 1. Putting Ay = A, for all x, x1,...,2, €

V.
voxy...ap= Y  |[INIf@) ] f@) [[

IC{1, .k} iel il
This is the preLie product of S(V, f, A). O

4.2 Second case

We now assume that V' is one-dimensional. Then S(V) and K[X] are isomorphic as bialgebras.
Let us describe all the preLie products on K[X] making it a Com-PreLie bialgebra.

Proposition 14. Let A\, u € K. We define:

i z k-1 ki-i-1
X* o X! = Mkl X%
* Z; (i—k+1)!

Then (K[X],m,<,A) is a Zinbiel-PreLie algebra, denoted by g’ (X, u).
Proof. This is obvious if A = 0. Let us assume that A # 0. We consider a one-dimensional vector
space V', with basis (z), f € V* defined by f(x) =\, in S(V, f, u/A), for any k,1 > 0:

2" ezt = kb 1y e 2

=1 j
_ Z <.)j!k/}\‘j)\j+1$k+l—j—1
; J

-1
o ger—j-1
= Akl E —x
el Ul

k-1 ppi—i—1

=kl Y S
P (1—k+1)!

Using the Hopf algebra morphim from S(V') to K[X] sending z to X, we obtain that (K[X], m, e, A)
is a Com-PreLie bialgebra. Let us now prove the Leibniz rule for the < product. If £,/ > 1 and
m > 0:

(XFeX™) < X!+ XF < (Xl e X™)

ktm—1 pym—i—1 ; Hm—1 i 4m—i—1
H ki it H Kl ki1
= Am! X X
m ( N e Faw Zl: G I1Dikti

k+l+m—1 Mk+l+m_i_1 k‘(z _ l) + Kkl

S I R

= \m!

i=k+l
ktltm—1  pyl4m—i—1

M .
= xmlk o xi
mik D (i—k—1+1)

i=k+1
k k+l4m—1 phFlm—i1 A
= —ml(k+1 —_ X
pr kD) i:ZkH G—k—111)
k
— Xk:+l Xm
kit °

= (XF < X)exm
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So (K[X], <,e,A) is a Zinbiel-PreLie bialgebra. O

Proposition 15. Let e a preLie product on K[X] such that (K[X],m,e,A) is a Com-PreLie
bialgebra. Then (K[X],m,e, A) = g (1,\,1) for a certain X € K, or g'(\, ) for a certain
(A ) € K2,

Proof. Let m : K[X] — K[X] be the canonical projection on Vect(X):

[ KIX] — K[X]
”‘{ XF 5 51 X,

For all k£ > 0, we put 7(X e X*) = \, X.

We shall use the map w =mo (7 ® Id) o A. For all k > 0:
PR\ L .
@w(X*) =mo (7 ® Id) (Z <Z,>Xz ®X’“_Z> =m(kX ® X* 1) = kX"
i=0

First step. We fix [ > 0. For all P,Q € K[X], e(P e Q) = 0; hence, we can write X e X! =
>y aiX

[o.¢]
X =Y iax

:mo(7r®fd)oA(XoXl)

Zmﬁw®hDG®X.ﬂ+ZXJX W@X“)
=0
l
(&)
l <l
(

>)\ Xl —i+1

= o

+

~ .

N X7
=1 l_j+1> o

<.

Hence:

I+1 I A
X ° Xl — Z l— J+1 X_]
S\l-j+1)

By the Leibniz axiom, for all k£ > 0, X* e X! = EX*1(X e X!), so for all k,1 > 0:

I+1
X .Xl Zk l )\l ]+1X]+k 1
l—j+1)
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Second step. In particular, for all £ > 0, X* o1 = kAo X", and X ¢ X = %XQ + A1 X. Hence:

2
X.(X.1)—(X.X).1:@X2+AOA1X—%X2.1—A1X.1
)‘(2) 2 2y 2
— X+ X — )\X — Ao X

A0 X2

Xeo(leX)—(Xel)eX =0—XeX

A20 X2 — MM X.

By the preLie identity, A\gA; = 0. We shall now study three subcases:

1.)\07&0; 2.)\0:0,)\1:0; 3.)\0:0,)\1750.

Third step. First subcase: Ao # 0. Let us prove that A\ = 0 for all £ > 1 by induction on
k. It is given by the second step if kK = 1. Let us assume that Ay = ... = A\y_1 = 0. Then

X o XF = 2o Xk 4 N\ X, and:

A A
X.(Xk.1)—(X.X’f).1:kAO< OX’f+1+AX> < OXk+1+AkX>

k+1 k+1
k
= + 1)\2Xk+1 + Ao X — A3XFFL Ao\ X
_ 2 vk+1,
B V5 ¢

Xo(loXk)—(Xol)oXk:()_)\O <]€)_\{(_)Xk+l+)\k:X>

= 1)\0X’“+1 AoArX.

By the preLie identity, AoAx = 0. As A\g # 0, A\x = 0.

Finally, we obtain, by the first step, X* e X! = )\O%X’“‘H for all k,1 > 0. So this is the
preLie product of K[X],,

Fourth step. Second subcase: Ay = Ay = 0. Let us prove that A\, = 0 for all £ > 0. It is
obvious if k = 0,1. Let us assume that \g = ... = A\;_; = 0, with £ > 2. Then X’ e X7 = 0 for
all j <k, ¢ > 0. Hence:

Xeo(XMleXF )= (XeXF)e Xkl = (Xexi1)eXxktl—0.
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By the preLie identity, X o (X*~! ¢ X*+1) = 0. Moreover:

k+2—7 J

k—2
X o (X5 1o Xk = ( k+1 ) _1))Vc+72—ij+2—j
1

<.

=X <<k — DAt X (B4 1)(k — >Aka>

:0+(k—1)2(’f+1)AkX.Xk
k—1
(k—1)(k+1) < k >>\k+1j j
_WZWT )y ) Ak
2 k ; k+1—3 j
_k=DE+D 1)2("“ “Uyx 1o,

Hence, A\ = 0.
We finally obtain by the first step X* @ X! = 0 for all k,1 > 0. So this is the trivial preLie
product of K[X]y = K[X]p .

k! A’;
Qkfl
is obvious if kK =1 or kK = 2. Let us assume the result at all rank < k, with k£ > 2.
(X 0 X) o X¥) = 1(\ X @ XF)
= A A\ X

Fifth step. Last subcase: A\g = 0, A1 # 0. Let us prove that A\ = 5 forall k > 1. It

k
k Ahtl—i A
k k+1—j
T(Xe(XeXF)=nr ]§:1<k ) j)j X o XJ

_ Z < k > Ak—i_l,_j)\jX
‘ k+1—7 j

J=1

(k41— j)ljl M—ati=t g
AkAL + Z k+1— > oF—iti—1 yk—j-1+j-2 + %Al)‘k X
1

k—1 k—1
kg
(2)‘1)‘k+2 k— 1)\k
k' Ak 1

1

||
™=

(X o X*) o > <k+1_]> A’“*j?‘%(xj.x)

b Ak+1
1o oy v
:E — (A X7
j=1 (k+1_J> J (i X7)

=M\ X +0;

(X o (X" 0 X)) = k\7m(X o XF)
= kM X,
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By the preLie identity:

k! )\k 1
M — 20\ — (kB — 2)2k = M A — kA g,
1
k! )\k 1
which gives, as Ay # 0 and k > 3, A\ = ok 1 z Finally, the first step gives, for all k,l > 0,
1

with A = Ap and = 5%

k+1 I A ) ‘
XF e X! = k( ) A1) x+k—1

= [+1—7 j
~Y ok nNi+1-—j)t Ay xith—1
— (L 1= )G — D)2 N\t
Jj=1 1
k 1—
= Akl S g

k-1 kgi—i—1

_ K i
= Mkl Z mx.

i=k
So this is the preLie product of g’(\, ). O

As g'(\, p) is a special case of S(V, f, \), this ends the proof of Theorem 10. Let us describe
the underlying Lie algebra of g’(\, p), in a similar way as Proposition 9. If A = 0, it is abelian.
Otherwise:

Proposition 16. Let g = g’'(\, u), with A # 0. As a Lie algebra:
9~ (9FdB Ddeg K) @ K.
Proof. Let us denote by g4 the augmentation ideal of g. Obviously, g = g+ ® K. For any k£ > 1,
k

X
we put Yz = D Then, for any k,l > 1:

Y, o Yy = kY ;1 + terms of smaller degree,
[Yi, Vi) = (k — 1)Yg11—1 + terms of smaller degree.

We put f1 =Y;. Forany n > 1, we put V,, = Vect(Y1,...,Y,). The matrix of the endomorphism
of V,, sending x to [z, f1] is triangular, with diagonal (0,1,...,n —1). Consequently, it is diago-
nalizable, and for any n > 1, there exists a unique f,, of the form f,, = Y, +an_1Yn_1+...+a1Y7,
such that [fn, fi] = (n — 1) f,. We obtain a basis (f,)n>1 of g+. For any k,[ > 1:

(fxs fils 1] = (e Jul, fi] + Ufes U1 f]
= (k—=1+1-=D[fk, fil,

so there exists a scalar A\(k,[), such that [f, fi] = A(k, 1) fxs1—1. Moreover:

[fis fil = Yk, Y1] + terms of smaller degree
= (k: — 1)Yki—1 + terms of smaller degree.

So [fx, fi] = (k=1) fr+i1-1. Let g1 = Vect(fx,k > 2) and go = Vect(f1). Both are Lie subalgebras
of g4 and, as a vector space, g = g1 D g2. We put e = frs1 for any & > 1. Then, for any
k,l>1:

ek el = [fot1, firr] = (b =1 =14+ 1) firir1 = (b — Deg,
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S0 g1 is isomorphic to gpyp. For any k£ > 1:
lex, f1] = (k+1—=1)fes1 = ke,
SO g4+ & gFdB Ddeg K. O

Corollary 17. Let g = S(V, f,A) be a Com-PreLie algebra of Theorem 5. If f is nonzero, then,
as a Lie algebra:

g~ ((ngB @deg K) S K) & S(K@T(f)),

where the Lie bracket is given in the following way: for any z,z' € (grap Pdeg K) ® K and

v,y € S(Ker(f)),
2@y 2 @y]=[z,2|@yy.

Proof. Let x; € V, such that f(z;) = 1. Then, as an algebra, g = Kz;] ® S(Ker(f)).
Moreover, K[z1] is a Com-Prelie bialgebra, isomorphic to g'(1,A). Moreover, if k,I € N and
y,z € S(Ker(f)), by definition of the preLie product:

[y, 2l 2] = ((k — D)a¥ =1 4 terms of smaller degree)yz.

The end of the proof is similar to to the one of Proposition 16. O

5 Com-PrelLie structures on group Hopf algebras

Let G be an abelian group. The group algebra KG is a Hopf algebra, which product is given by
the bilinear extension of the product of G and:

Vg € G, Alg)=9g®g.
Lemma 18. Let G be a group. For any g,h € G, we put:
Pop={z€KG|A(z) =g®@z+z®h}
Then Py, = Vect(g — h).
Proof. Firstly:
Alg—h)=g®g—h@h=g®(g—h)+(9—h)®h.

Let x = Z agk € Py p,. Then:
keG

Az) = Z%ké@k: Zak(g®k+k®h).
keG keG

Identifying in the basis (k ® g ec of KG®?, we obtain that:
o If k¢ {g,h}, ar = 0.

o If g # h, identifying the coefficients of g ® h, we obtain 0 = a4 + aj. In this case,
x =ag(g—h).

o If g = h, identifying the coefficients of g ® g, we obtain a, = 2a4, so agz = 0. In this case,
z=0=0(g—9)

So Py, = Vect(g — h). O
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5.1 General case

Theorem 19. Let G be an abelian group and e be a bilinear product on KG. Then (KG,m,e, A)
is a Com-PreLie bialgebra if, and only if, there exists a family (A(g, h))g.nea of scalars such that:

e Forallge G, A\(g,1)=0.
o Forallg,h,keG:
Agh, k) = Mg, k) + A(h, k). (4)

e Forall g, h, k € G, such that hk # 1:
e forallg,heG:
geh=Ag,h)(g— gh). (6)
Proof. Let us assume that e makes KG a Com-PreLie bialgebra. For any g,h € G:
A(geh)=gRgeh+geh® gh.
By Lemma 18, there exists a scalar A(g, h) such that g e h = A(g, h)(g — gh).
Let e be a product defined on KG by g e h = X(g,h)(g — gh), for any g,h € G. For any
g € G, ge h =0: we can assume that A(g,1) = 0. For any g,h € G:
A(geh)=g®geh+geh® gh,
so e satisfies the compatibility with A. Moreover:
e satisfies the Leibniz identity
<= Vg,h,k € G, (gh)ek = (gek)h+g(hek)
== Vg, h,k € G, Mgh,k)(gh — ghk’) (g, k)(gh — ghk) + A(h, k)(gh — ghk)
<= Vg,h e G,k e G\ {1}, AN(gh, k) = /\(g,k) + A(h, k).
As A(g,1) =0 for any g € G, this identity is trivially satisfies if £ = 1. Hence:
e satisfies the Leibniz identity <= Vg, h, k € G, A(gh, k) = X(g, k) + A(h, k).
We now assume that e satisfies the Leibniz identity. Let g, h, k € G.

— Mg, h)A(g, k) (gh + gk) + (Mg, h)A(g, k)
+ (g, W)A(h, k) — X(g, hk)A(R, k) ghk.

Hence:
e is prelie
<= Vg,h, ke G, (goeh)ek—ge(hek)=(gek)eh—ge(keh)
Vg, h k€ G, (Mg, hk)A(h, k) = A(g, h)A(h, k)) (g — ghk)
= (Alg, hk)A(E, h) — Mg, k)A(k, h))(g — ghk)
<= Vg, h,k € G with hk # 1, X(g, hk)\(h, k) — (g, h)A(h, k)
= Ag, hk)A(k,h) — X(g, k)\(k, h).

Consequently, e makes KG a Com-PreLie bialgebra if, and only if, the four conditions of Theorem
19 are satisfied. O
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Remark 5. 1. For any h € G, A(—,h) : G — (K, +) is a group morphism.
2. If g € G is an element of finite order n, then for any h € G:
A(g"h) =nX(g,h) = A(1,h) = 0.

As the characteristic of K is zero, A\(g, h) = 0. Consequently, if any element of G is of finite
order, then the only product making KG a Com-PreLie bialgebra is 0.

Proposition 20. Let G be an abelian group. Let A : G — (K, +) be a group morphism and let
go € G. We define a product e on KG by:

Vg,h € G, g ®h=A9)dn,g9(1— go)-
Then (KG,m,e,A) is a Com-PreLie bialgebra.

Proof. First, note that if gg = 1, then ¢ = 0. We now assume that gg # 1.
Here, A(g,h) = A(g)0n,g, for any g,h € G. Let us prove that the conditions of Theorem 19
are satisfied. let g, h, k € G. Then:

Mg, k) + A, k) = 060 (A(9) + A(R)) = Ok,gyA(gh) = Algh, k).
As A(1) =0 and gog # 1:
A(g; hR)A(h, k) = Mg, B)A(h, k) = A(g)A(h)dk.go (Onk.go — On.go)
—A@A(h) if h =k = go,
= S ANg)A(h) if h =1 and k = go,

0 otherwise;

_ J=MgAh) if h =k = go,
o otherwise;

= Mg, hk)A(k, h) — (g, K)A(K, ).

So (KG,m,e,A) is indeed a Com-PreLie bialgebra. O

5.2 Examples on Z

Our aim here is the classification of all Com-PreLie bialgebra structures on KZ. In order to avoid
confusion between the sum of Z and the sum of KZ, we identify KZ with the Laurent polynomial
ring K[X, X ~!], with the coproduct defined by A(X) = X ® X.

Theorem 21. There are three families of products e on K[X, X' making it a Com-PreLie
bialgebra:

1. e =0.

2. There exists kg € Z, nonzero, a € K, nonzero, such that:

Vk,leZ, X" o X! = ady g, k(XF — XFH,

3. There exists a, f € K\ {0}, such that for alln # —1, naa— (n—1)8 # 0, there exists N > 1
such that:

af
whiez, Xtexi=| (G -Ta-(F-2)5
0 otherwise.

k(X — Xk G N |1,
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Proof. We shall use Theorem 19. Let e be a product on K[X, X ~!], making it a Com-PreLie
bialgebra. Then:

Vk,l € Z, X* o XU = Ak, 1)(X* — xFH.

Moreover, for any | € Z, \(—,1) : (Z,+) — (K, +) is a group morphism so there exists a scalar
a; such that for any k € Z, \(k,1) = a;k. The conditions of Theorem 19 become:

[ ] a0:0.

e For all h,k € Z, such that h + k # O:

aptroph — agaph = apypank — agapk
= aptr(arh — apk) = apag(h — k). (7)

Let us assume that there exists n > 1, such that a,, # 0. Let N = min{n > 1,a, # 0}. Let
us prove that for all n > 1, if a,, # 0, then N | n. Let us write n = Ng+r, with 0 <r < N — 1.
We proceed by induction on ¢. By definition of N, ag = a1 = ... = ay—1 = 0, so this proves
the result for ¢ = 0. Let us assume the result at rank ¢ — 1. If » # 0, then by the induction
hypothesis, a(;_1)n4» = 0. Hence, by (7) for h = (¢ —1)N + 7 and k = N:

agn+ran((¢ —1)N +r) = 0.

As an #0, agn4r = 0.
Let us put b, = any for all n > 1. Then by # 0 and, for all h, k > 1:

btk (bih — bpk) = bpby(h — k). (8)

Let us assume that b = 0. We prove that b, = 0 for all n > 2 by induction on n. This is
obvious if n = 2. If b, = 0, with n > 2, by (8), with h =n and k = 1, b,11b1n = 0. As by # 0,
bn+1 - 0

Let us assume that by 7# 0. Let us show that for any n > 1, (n — 1)b; # (n — 2)by and:

b1ba

b = (n—1)by — (n— 2)by’

This is obvious if n = 1 or n = 2, as by, by # 1. Let us assume the result at rank n, n > 2. By
(8) with h =n, k= 1:

b1by _ b1by -
bt (bln T (n—1by — (n— 2)b2> = b (n—1)by — (n— 2)b2( 2
bn_H(n(n — 1)b1 — (n — 1)262) = blbz(n — 1)
bn+1(nb1 — (n — 1)b2) = blbg.

As bl,bg 75 0, nb1 - (n - 1)b2 75 0, S0:

b1by
nb1 — (TL — 1)()2'

bn+1 =

We proved that there are three possibilities for (ay)p>1:
1. Foralln >1, a, =0.

2. There exists a unique N > 1 such that ay # 0.
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3. There exists N > 1, «, 8 # 0 such that for all n > 0, naw — (n — 1) # 0 and:

af

an=1 (F—Da—(F-2)8
0 otherwise.

if N |n,

Similarly, there are three possibilities for (a_p)p>1:
1.7 Foralln>1,a_, =0.
2. There exists a unique N’ > 1 such that a_pys # 0.
3.” There exists N’ > 1, &/, 8’ # 0 such that for all n > 0, na’ — (n — 1)3’ # 0 and:
o' p

o= D - (-7
0 otherwise.

it N' | n,

If (2. or 3.) and (2. or 3.) is satisfied, let us assume that N # N’. For example, we assume
that N’ > N. By (7) with h = =N’ and k = N, then:

an_n'(—=N'ay — Na_n') = a_nran(—N'— N) # 0.

So ay_ns # 0: this contradicts the definition of N’ = min{n > 1,a_, # 0}. So N = N'.

Let us assume that ((1’. or 2’) and 3.) is satisfied. By (7) for h = 3N and k = —2N:
aN(2Na3N) =0.

We obtain ay = 0, so @ = 0: contradiction. So ((1’. or 2’) and 3.) is impossible. Similarly, (1.
or 2) and 3’.) is impossible. If (2. and 2.”) is satisfied, by (7) for h = N and k = —2N:

a_n(2Nay) = 0.

As a_n and ay are both nonzero, this is a contradiction. So (2. and 2.”) is impossible.

It remains the following cases:
1. If (1. and 1.") is satisfied, then e = 0.
2. If (1. and 2.”) or (1.” and 2.) is satisfied, this is the second case of Theorem 21.

3. If (3. and 3.) is satisfied, by (7) with A = 2N and k = —N, h = 3N and k = —2N, we

obtain:
ro B r__—aB
¢ T o —3p b= sa—1p
Hence, if n > 1:
_ af
N T - Da— (-n-2)8

This is the third case of Theorem 21.

It remains to prove that this three cases give indeed Com-PreLie bialgebras. It is obvious in
the first case. The second case is Proposition 20. The third case is left to the reader. ]

Remark 6. In the third case, if —a + 28 = 0, the formula for X* e X0 is not well-defined: by
convention, X* e 1 =0.
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6 Examples of non connected Com-PrelLie bialgebras

Let H be a commutative and cocommutative Hopf algebra. If K is an algebraically closed field of
characteristic zero, denoting by G the group of group-like elements of H and by V' the space of its
primitive elements, then H is isomorphic to KG ® S(V'), which we shortly denote as KG - S(V).
We now look for products on KG ® S(V'), making it a Com-PreLie bialgebra.

6.1 Several lemmas on KG - S(V)
Lemma 22. A I-cocycle of S(V') is a linear map ¢ : S(V') — S(V') such that for all x € S(V):
Aop(z) =1 ¢(x) + (¢ ® Id) o A(x).

1. If dim(V) > 2, for any 1-cocycle ¢ of S(V'), there exists A € K and F : ST (V) — K such
that:

0,
Vo € ST(V), d(z) = Az + (F @ Id) o A(x). (9)

2. Ifdim(V) =1, let (X) be a basis of V.. There exists scalars a, A and a map F : ST(V) —

K such that:
o(1) = aX,
n+1 n-1 n ) )
VYn > 1 X" = AX" F(XH)X™ .

Proof. First step. Let A € K and F : ST(V) — K be a map. We consider the map ¢ defined
on S(V) by (9). Let us prove that it is a 1-cocycle. If x = 1:

Aog(1)=0=1®¢(1) + (1) ® 1.
If z € ST(V), then:

1@ ¢(x)+ (p@Id) o Alz) =1® ¢(z) + d(z) @1+ M’ @ 2" + F(2)2" @ 2
=AMz + F(z")2")
= Ao ¢(z).

Second step. Let ¢ be a 1-cocycle and k > 2 such that ¢qiyy = 0 if I < k. We fix a basis
(ei)ier of V. Let = [[ e € S¥(V), with 3" a; = k. Then:

Aog(z)=1®¢()+d(2) @1+ (1) @z +d(2)@2" = p(2) @1+ 1® ¢(x),

so ¢(z) € V. Let us take j € J, we shall consider the linear form defined on S¥~1(V') by:

. _ I,
Vx:He;BZ e SF L), Fj(x):ﬁ'+1ejo¢(xej).
i€l J

Let ¢; be the 1-cocycle defined in the first section with A = 0 and F' = F};. Then:

;rej

Ao g(zej) =1® ¢(ze;) + Pp(xe;) ® 1+ Zaiqb < ) ®e; + o(z) ® ej.

iel v
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As S(V) is cocommutative:

(ej @ Id)o Ao p(zej) = ;aie;f o¢ (f) e; + € o d(z)e;
= (Id@¢j) o Ao g(we;) = (o + 1)g(2).

Hence:

We proved that if ¢ is a 1-cocycle such that Psivy =0 for any [ < k, with k > 2, then there
exists F': S¥71(V) — K such that for any x € S*(V):

d(z) = F(2') @ 2",

Third step. Let ¢ be a 1l-cocyle such that ¢(1) = 0 and ¢y = 0. Let us construct Fj :
S¥(V) — K by induction on k, k > 0, such that for any x € S*(V):

o(x)=((F1®...®F) ®Id) o Alz).

If k = 0, there is nothing to construct, as ¢,y = 0. Let us assume Fy,... Fy_; constructed, with
k > 1. Let 9 be the 1-cocycle associated in the first step to A =0 and F} & ... ® Fi_1. For any
r € SYV), with I <k, ¢(z) = 1(x) by the induction hypothesis. By the second step applied to
¢ — 1, there exists F}, such that for any = € S¥+1(V):

¢(xz) — () = Fi(2')2".
Hence, for any = € S¥+1(V):
d(z)=(F1®...® F)(z")2".

We proved that for any 1-cocycle ¢ such that ¢(1) = 0 and ¢y, = 0, there exists F': ST(V) — K
such that for any € ST(V), then ¢(z) = F(2')2".

Fourth step. Let us consider a 1-cocycle such that ¢(1) =0. Let z € V.
Aop(x) =1® ¢(z) + ¢(x) ® 1,

so ¢(x) € V. If V is 1-dimensional, there exists A such that ¢y = Aldy. If dim(V) > 2, for any
zeV:

Ao d(a?) =18 6(?) + 9(2?) © 1 +26(z) @ .

As S(V) is cocommutative, ¢(z) and x are colinear for any = € V. Hence, there exists A € K
such that ¢y = Aldy. Consequently, if ¢ is the 1-cocycle associated to A and F' = 0, then
YP(1) = ¢(1) = 0 and @y = ¢jy = Aldy. By the third step applied to ¢ — 1, there exists F' such
that (9) holds.

Fifth step. Let ¢ is a 1-cocycle of S(V'), with dim(V') > 2. Then:

Aop(l)=9¢(1)®1+1® ¢(1),
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sop(l) e V. Let z € V.
Ao dla) = 1@ d(x) + o) © 1+ 6(1) .

As A is cocommutative, ¢(1) and x are colinear, for any z € V. As dim(V) > 2, ¢(1) = 0.
Combined with the fourth step, we obtain point 1.

Last step. We prove the first assertion of point 2. Let us consider the map ¢ : S(V) — S(V),
defined by:

Xn+1
XM = )
PX") n+1

It is a 1-cocycle of S(V), with V' = Vect(X). If ¢ is 1-cocycle of S(V'), then ¢(1) is a primitive
element of S(V'), so belong to Vect(X). Hence, there exists a € K such that ¢(1) = AX. Then
¢ — a1 is a 1-cocycle of S(V'), vanishing on 1. We conclude with the fourth step. O
Lemma 23. In KG-S(V):

1. Let g,h € G, with g # h.

{x e KG-S(V)|Alzx) =gz +2h} = Vect(g — h).

2. Let g € G.

{reKG - S(V)|Alw) —gor—z@g e (KG-ST(G)**} = gST(V)

Proof. For both points, the inclusion D is trivial. Note that:

KG-S(V)=KGaKG - S*(V) = PRk o KG - ST(V).
keG

For any k € G, we denote by wy the canonical projection on Kk in this direct sum.

1. Let z € KG - S(V), such that A(z) = g® 2 + 2 ® h. We put wy(r) = ag. By
cocommutativity:

(wg@Id)oAlx) =gRr+ag®h=(Id®w)oA(zx) =ag® g+ 0.
Hence, z + ah = ag, so z = a(g — h).

2. We put:

T = thh,

heG

where xp, € S(V) for any h € G. For any h € G, let us put wp(z) = azh.

Az) = Z hacg) ® hxf),
heG
(wh @ Id) o A(x) = 0gng @+ aph ® g =h® xp.

For h # g, we obtain hxy, = ang, so xp, = 0 and a, = 0. Hence, x = gz, € gS(V). For h = g,
we obtain g ® grg = g® 2 + agg ® g, so ag =0, and z € gST(V). O
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6.2 PreLie products on KG - S(V)

Proposition 24. Let o be a product on KG - S(V'), making it a Com-PreLie bialgebra.
1. for g € G\ {1}, for any v € S(V), for any w € S(V), ve gw = 0.
2. S(V) is a preLie subalgebra of KG - S(V).

3. If dim(V') > 2 or if the preLie product is nonzero on S(V'), then KG is a preLie subalgebra
of KG - S(V).

Proof. 1. By the Leibniz identity, it is enough to prove it for v € V. For any k£ > 0, let us prove
by induction that for any w € SY(V), with | < k, ve gw = 0. It is trivial if £ = 0. Let us assume
the result at rank k, k > 0. Let z € S*(V).

A(vogw):1®vogw+vogw(1)®gw(2)
l@uvegw+tveguw®gif k=0,
={1l@uvegwtvegugt+vegRgw+vegw uw’ if k> 1.

=0 by induction hypothesis

By Lemma 23, there exists a scalar A(v ® w) such that v e gw = A(v @ w)(g — 1).
Let (e;)ier be a basis of V and w = [[ el € S*(V), with > a; = k. For any i € I

A(v e gwe;) = 1®vogwei—l—vogwei®g+2a]’)\ <v® w%’z’) (g—1) ® ge;
i K
+ (v + DA (v @ w)(g —1) ® ge;.
Let @ be the projector on KG - St (V') which vanishes on KG. By cocommutativity:
(w® Id) o Alv e gwe;) = w(g @ we;) R g

= (Id® w) o A(v e gwe;) = Za]—)\ <v ® u:i> (-1 ®ge; +(+DA(v@w)(g—1)® ge;.
J#i !

Applying wy, as wy o w = 0, we obtain:
0= (wy ® Id) o (w® Id) o A(v e gwe;)

we;
= Zaj)\ <v ® eZ> g®gej+ (i + DA (v @ w)g ® ge;.
j#i J

Hence, AM(v® w) =0, so v e gw = 0.

2. By the Leibniz identity, it is enough to prove that vew € ST (V) for any v € V, w € S¥(V),
k > 0, by induction on k. If £ = 0, then:

Alvel)=vel®1l+1®uvel.
By Lemma 23, ve 1l € ST(V). Let us assume the result at all ranks < k, with & > 1. Then:

Avew)=vew®1l+1Rvew+ vew @w”
———

€5+ (V)®2 by the induction hypothesis

By Lemma 23, vew € ST(V).
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3. Let g, h € G.
A(geh)=gRgeh+geh® gh.

If h # 1, by Lemma 23, ge h € Prim(g — gh) C KG. If h = 1, then g~'(g e 1) is a primitive
element of KG - S(V), so belong to V. Let us put g e 1 = gz,, with 2, € V.
Let us assume that dim (V') > 2. For any y € V:

Algey) =g@gey+gey®@g+gry® gy.

By cocommutativity, x4 and y are colinear, for any y € V. As dim(V') > 2, necessarily z, = 0,
sogel=0¢€KG.

Let us assume that V' is 1-dimensional, and that the restriction of e to S(V') is nonzero. Up
to an isomorphism, we replace S(V') by K[X]. By Proposition 15, there are two possibilities.

1. There exist A, u € K, such that for any k,l € N:

. l k-1 kti-i-1
X" o X" = \Kl! — X"
>

2. There exists A € K, such that for any k,l € N:

XreXxl= Aix’f”.
I+1

As e is nonzero, in both cases A\ # 0. For any g € G, g"'(ge 1) € V = Vect(X): we put
gel=a(g)gX. Ifg=1,as 1e1 =0, a(g) = 0. Let us assume that g # 1. Then, by the first
point:
(Xeg)el=0;
a(g)AX (first case),

Xe ol)=« XeX = A
(gel) (9) a(g)§ X? (second case);

(X 4 1) ®g= 07
Xe(leg)=0.
By the preLie identity, as A # 0, a(g) = 0. So ge 1 =0 € KG. O

Proposition 25. Let e be a product on KG - S(V), making it a Com-PreLie bialgebra. We
assume that KG is a sub-preLie algebra of KG - S(V).

1. For any g € G, there exist A\(9) € K and Fy : ST(V) — K such that for any v € ST(V):
gev=X\g)gv+ Fy(v')gv".
Moreover, for any g, h € G:

A(gh) = A(g) + A(h), Fyp = Fy + Fj,.

2. Recall that S(V') is a sub-preLie algebra of KG-S(V); if it is equal to S(V, f, \), with f # 0,
then for any g € G, there exists u(g) € K such that for any xy,...,x, € V:

Fy(zy...xn) = p(g)n N f (1) .. f ().

Moreover, for any g,h € G:

w(gh) = u(g) + p(h).
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3. If (S(V),e) = S(V, f,\), with f # 0, then for any g,h € G\ {1}, for any v € ST(V):
ge hv=—\(g,h)ghv.

Proof. 1. Let us consider the map:
bo S(V) — KG-S(V)
g r — g l(gex).
As KG is a sub-preLie algebra, by Theorem 19, go1 = A(g,1)(g—g) = 0, so ¢4(1) = 0. Moreover,
for any v € S(V):
Aog(v)=(g'@g g gev+gevmg®)
=1® ¢4(v) + gy () @ 02,
By Lemma 23, ¢4(v) € S(V), and ¢4 is a 1-cocycle of S(V'). Lemma 22 gives the existence of
A(g) and F,.
If g,h € G, for any v € ST(V):
ghev = \gh)gv + Fgn(v')gv”
=(gev)h+g(hev)
= (Mg) + A(h))ghv + (Fy(v') + Fu(v'))gho”.

Hence,A(gh) = A(g) + A(h) and Fyp = Fy + F},.

2. Let z,y € ST(V).
(gex) ey =Ag)’gzy + ANg)Fy(y)gzy” + Mg) Fy(a')gz"y + Fy(2) Fy(y) ga"y"
+ Ag)g(z o y) + Fy(z')g(z" o y),
ge(zey)=Ag)g(zey)+ Fy(z' e y)gz" + Fy(x ey )gy” + Fy(z' @y )gz"y" + Fy(z')g(«" 0 y).
The preLie identity implies that for any x,y € S*T(V):
Fy(z' ey)a” + Fy(z oy )y" + Fy(a' o y’) "y (10)
i

= Fy(y e x)y" + Fy(y o a')2" + Fy(y e 2')a"y
i) =0

Let (e;);er be a basis of V, such that there exists ig € I, with f(e;) =
for = e;,, primitive element, for any y € S*T(V):

iip for any i € I. By (10)

1"

Fyleiy oy )y" = Fy(y 0 €iy)y”.

oy y

By surjectivity of 52—, for any z € S*(V):
Fy(zeeiy) = Fy(z 0 eiy).

Applying €} on both sides:

Let us consider z = [[ e/, with Y a; =n > 1. Then:

Oéio '
n. o
E e s Hea’ if n # .
(n— k:)
=0 1#£10
€ip @2 = ajg—1 nl
Qg
E )\k W Heal if n = ay,.
(n—
=0 i#i0
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Noticing that Fy(1) = 0, we obtain that:

aio

F, (1—ai0)z+z(n Neeio™ Heaz = 0. (11)

k=1 1#£i0

We put 1(g) = Fy(ei,). Let us prove that for any n > 1:

Fy(ef,) = X" u(g) = nlA" " u(g) f (ein)"-
This is obvious if n = 1. If the result is true at all ranks 1 < k < n, we obtain from (11):

n—1

0=(1—n)F +Z

k:l
= (L =n)Fy(eiy) + (n - )n'/\"l (9)-

— B)IA" T p(g)

This implies the result at rank n.
Let us consider j € I'\ {ip}. By (10), for = e;, primitive, for any y € ST(V):
Fy(y' e ej)y” = 0.

Applying e, for any y € S*(V):

By surjectivity of z2-, for any z € S*(V):

If z=]]e, then:
zeej = ajeje; i’ H e
iel\{io}

Consequently, if y = [ e € ST(V), with j # 4o such that o # 0, denoting n =Y o

Fy(y) = 0= p(g)ntA" [T fle™,

i€l

as f(e;) =0 and «; > 1. Finally, for any y = [[ e € ST(V), denoting n = Y a;:

Fy(y) = p(g)n A" T flea)™

iel
As Fyp = Fy + Fy, p(gh) = Fyn(eiy) = Fy(eiy) + Fr(ei,) = p(g) + p(h).

3. For any v € ST(V), we put w,(gehv) = a(v)g, where @, is defined in the proof of Lemma
23. Then:

A(gehv)=gehv®@gh+geh® ghv+ gehv' ® ghv" + g g e hv
=gehv® gh+ Ag,h)(g— gh) ® ghv + g e hv' @ ghv" + g ® g e h.
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By cocommutativity:

(g @ Id) o A(g e hv) = a(v)g @ gh + A(g,h)g ® ghv + a(v')g ® ghv" + g @ g e hv
= (Id®wgy) o A(g e hv) = a(v)g ® g.

This gives:
g e hv = —X\g,h)ghv + a(v)(g — gh) — a(v")ghv".
It remains to prove that the linear form « is zero. Let x,y € ST(V).

(goehx)ey c KG---SH(V),
ge (hzey) = (A(B)a(zy) + A(W)a(zy")Fy(y) + alz o)) (g — gh) + terms in KG -+ S*(V),
(goy)ehx € KG--~S+(V),
ge(yehx) € KG-'~S+(V).

By the preLie identity, for any x,y € ST(V):
a (Mh)zy + Fp(y)zy” +zey) =0. (12)
First subcase. We assume that A(h) = 0. For x € ST (V) and y € V, we obtain that:
a(ST(V)e V) =(0).
Let y = [[ef" € ST(V), with > a; =n > 1. If oy > 1, then:
Y e CintyyY,

soy € ST(V) e V. Otherwise, there exists j # ig, such that a; > 1.

ez‘o‘f?_l H et | eej = (s + 1)y =y,
i#£40,]
soy € ST(V)eV. As a conclusion, ST (V) eV = ST (V), so a=0.

Second subcase. We assume that A(h) # 0. Let us first prove that the ideal I generated
by Ker(f) is a subspace of Ker(a). Let z1,...,2, € V and y € Ker(f), let us prove that
x1...2py € Ker(a) by induction on n. If n =0, by (12) with z € V:

a(A(h)zy +zey) =a(A(h)zy +yez)=0.
Hence, ey —yex = f(x)y — f(y)r € Ker(a). Choosing g such that f(x) = 1 we obtain

y € Ker(a). Let us assume the result at rank n — 1, n > 1. The following element belongs to
Ker(a) by (12), with x = x1 ... zp:

Ah)xy .. xpy + Z flx)xy ... zis1yTip1 ... Tn.
=1

Applying the induction hypothesis and A(h) # 0, we obtain that x; ...xz,y € Ker(a).

Consequently, there exists a family of scalars (5(n)),>1 such that for any z1,...,z, € V:

a(xy...xn) = B(n)f(x1) ... f(zn);
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with the notations of the proof of point 2, (n) = a(ef ). By (12), with z = €} and y = e;,, for

any n > 1:

A(h)B(n+1)+np(n) =0,

which gives, for all n > 1:

(1) (n — 1)!
A(h)T

Bn) = A1)

Let us assume that 5(1) # 0. By (12) with z = e;, and y = €2 , we obtain:

107

?\((;L;(—Q/,L(g) +20A(R) + 1) = 0.

Hence, u(g) = A(h) + L. By (12) with 2 = e;, and y = e} , we obtain:

5

) _,
Ah)2
This is a contradiction, so §(1) = 0 and, therefore, o = 0. O

Theorem 26. Let o be a product on KG - S(V'), making it a Com-PreLie bialgebra. We assume
that the restriction of e to S(V') is nonzero and that one of the following assertions holds:

1. dim(V) > 2.

2. dim(V)=1andvel=0 foranyv e V.

Then:

1. There exist f : V — K, nonzero, and A € K such that the Com-PreLie Hopf subalgebra
(S(V),m,e,A) is equal to S(V, f, \).

2. There exist a family of scalars (X(g,h))gnea satisfying the following conditions:

e forallge G, \Ng,1) =0;
e Forall g,h,k € G, Ngh,k) = Xg, k) + A(h, k);
o Forall g h,k € G, such that hk # 1:

A(g, hk)A (R, k) — A(g, )A(h, k) = Mg, hk)A(k, h) — Mg, k)A(k, h);

e forallge G, Mg,g) =0;

such that for all g,h € G, x € ST(V):

geh=Xg,h)(g—gh), g ®hx = —X\(g, h)ghx.

3. Foranyxz e S(V),ge G\ {1}, ye S(V), x e gy =0.

4. There ezist group morphisms A\, : G — (K, +) such that for any g € G, x1,...,2, €V,

n>1:

gexy...xn =Ng)gx1... 20 + u(g)g Z [7|IAMI=1 Hf(xZ)HJ:Z
]

0CIC[n icl i¢l

Conversely, if one define a product @ on KG-S(V') with the point 1.-4. and, for any g € G,
zeSV),yeKG-S(V):

grey=(gey)x+g(rey),

then (KG - S(V), m,e, A) is a Com-PreLie bialgebra.
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Proof. Let @ be a product on KG - S(V'), making it a Com-PreLie bialgebra.By Proposition 24-2,
we obtain that S(V') is a Com-PreLie subalgebra of KG-S(V'). Theorem 10 and the hypotheses on
S(V) imply that (S(V'),e) = S(V, f, \) for well-chosen f and A, which is point 1. By Proposition
24-3, KG is a Com-PreLie subalgebra of KG - S(V'); Theorem 19 gives the existence of the scalars
A(g, h) satisfying the first four points, such that for any g,h € G, ge h = A(g,h)(g — gh). By
Proposition 25-3, for any g,h € G\ {1}, v € ST(V), g @ hv = —\(g, h)ghv, which gives point
2. Point 3 comes from Proposition 24, together with the Leibniz identity, and Point 4 from
Proposition 25-2.

Conversely, given A € K, f: V — K, u, A : G — (K, +) be group morphisms, and scalars
(A(g,h))gnec satistying the two first conditions of point 2, points 1-4 define a product e on
KG - S(V) satisfying the Leibniz identity and the compatibility with the coproduct. It remains
to prove the preLie identity. Because of the Leibniz identity, it is enough to prove it in the
following cases:

l.zeV,yeS(V),ze S(V). This comes from Theorem 2.

2. z € G\ {1}, y,z € G. By Theorem 19, this holds if, and only if, the third first conditions
of point 2 are satisfied. We now assume that these conditions hold.

3. x € V,y € G. This is immediate, as all terms in the preLie identity are zero.

4. x € V,y€e S(V), 2 € G\ {1} ---St(V). This is immediate, as all terms in the preLie
identity are zero.

5. 2€V,y,z€ G\ {1}---ST(V). We put y = gv and z = hw. If gh # 1, all terms in the
reLiie identity are zero. Otherwise:

z e (gvehw)— (xegv)ehw=\g,h)revw,
z o (hw e gv) — (z e hw) e gvw = A\(h, g)z ® vw.

As AM(h~™Y, h) = —X(h, h). For well-chosen x,v,w, x ® vw # 0, so the preLie identity holds
in this case if, and only if, for any h € G:

Ah, b~ = =X(h, h). (13)

We now assume that this condition holds. Note that it is implies by the fourth condition
of point 2.

6. z € G\{1},y € S(V): this is proved by direct computations, separating the cases z € S(V),
z€Gand z € G\ {1} ---ST(V).

7. x,y € G\ {1}, z€ G\ {1}---ST(V). We put x = g, y = hv, z = kw. If hk # 1, this is
proved by direct computations. If hk = 1, the preLie identity is satisfied if, and only if:

A(h, k) (A(g, h) — A(g, k) = 0.
In particular, if g = h, by (13):
Ah, k) (Mg, h) — Mg, k)) = =A(h, h)(A(h, h) + A(h, h)) = 2X(h, h)? = 0,
so A(h,h) = 0: this is the fourth condition of point 2.

8. x € G\{1},y,z € G\{1}---ST(V). If the conditions of point 2 hold, a direct computation
shows that the preLie identity is satisfied in this case.

Finally, if e gives KG - S(V) a Com-PreLie bialgebra structure, then points 1-4 are satisfied, and
conversely. O
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Let us now consider the coefficients A(g, h) satisfying the conditions of point 2 if G = Z.

Proposition 27. Let (A(g,h))gnez be coefficients satisfying the conditions of point 2 of Theorem
26, with G = Z. Then for any g,h € Z, X(g,h) = 0.

Proof. We use Theorem 21. In the second case, there exists kg € Z, nonzero, a € K, nonzero,
such that for all k,1 € Z:

Ak, 1) = ady k.

Then A(ko, ko) = akg = 0, so kg = 0: this is a contradiction. In the third case, there exist
nonzero scalars «, 8 and N > 1 such that for any k,[ € Z:

af

l it V|1,
Ak, 1) = wla=B)+20 -«
0 otherwise.
Then:
AN, N) =a =0.
This is a contradiction. Consequently, A(k,l) = 0 for any k,[ € Z. O
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