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Abstract

The aim of this paper is to introduce color Hom-Novikov-Poisson algebras which generalize color Hom-
Novikov algebras. Many constructions of color Hom-Novikov-Poisson algebras are given either from
color Novikov-Poisson algebras or from e-commutative Hom-associative color algebras.
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1. Introduction

Novikov-Poisson algebras both generalize commutative associative algebras and Novikov algebras. These
algebras were originally introduced by Xu [13], [14], motivated by studying simple Novikov algebras and irreducible
modules. Using Poisson algebras as a motivation, he defined a Novikov-Poisson algebra as a Novikov algebra that
is also equipped with a commutative associative product, satisfying some compatibility conditions [13]. Novikov-
Poisson algebras are closed under some perturbations of structure maps [14]. Every Novikov-Poisson algebras with
associative commutative unity can be constructed from an associative commutative derivation algebra [6]. The
relationship between Novikov-Poisson algebras and Hamiltonian super-operators was discussed in [15].

A graded version of ordinary algebras called graded or color algebras are considered and discussed in several
works. In this scheme, e.g., relations between simple Jordan color algebras and associative graded algebras are
discussed in [4], derivations and extensions of Lie color algebras are studied in [11]. The reader is referred to [2] for
some characterizations of color Hom-Poisson algebras and to [5] for the introduction of Novikov color algebras.

The purpose of this paper is to introduce color Novikov-Poisson algebras and the twisted version of these color
algebras called color Hom-Novikov-Poisson algebras, which are motived by recent works related to Hom-type
algebras. The theory of Hom-algebras originated from Hom-Lie algebras introduced by J. T. Hartwig, D. Larsson and
S. D. Silvestrov in [7] in the study of quasi-deformations of Lie algebras of vector fields, including g-deformations
of Witt algebras and Virasoro algebras. In this scheme, e.g., associative algebras and Leibniz algebras are twisted
into Hom-associative algebras and Hom-Leibniz algebras respectively in [10] and likewise, Hom-type analogues
of Novikov algebras and Novikov-Poisson algebras are defined and discussed respectively in [17] and [18]. For
further informations on other Hom-type algebras, one may refer to e.g., [8], [9],[16].

The notion of color algebras is extended to the Hom-setting by studying Hom-Lie superalgebras, Hom-Lie
admissible superalgebras [1], color Hom-Lie algebras [20] and color Hom-Novikov algebras [3]. For further
informations on other graded Hom-type algebras, on may refer to, e.g., [12], [19], [21], [22].

A description of the rest of this paper is as it follows.

In section 2, we recall basic notions concerning color algebras and color Hom-algebras and we extend the notion
of color algebras [5] to the one of color Novikov-Poisson algebras (Definition 2.4). In section 3, we define color Hom-
Novikov Poisson algebras and we point out that color Novikov-Poisson algebras are particular instances of color
Hom-Novikov-Poisson algebras and that, these color Hom-algebras generalize color Hom-Novikov algebras. Next,
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we prove some construction methods (Theorem 3.1, Proposition 3.2, Theorem 3.2 ). Theorem 3.1 and Proposition 3.2
say that color Hom-Novikov-Poisson algebras can be obtained from e-commutative Hom-associative color algebras.
The structure map of a multiplicative color Hom-Novikov-Poisson algebra can be perturbed by a suitable element
and its own twisting map( Theorem 3.2).

In this paper, all graded vector spaces are assumed to be over a fixed ground field K of characteristic 0.

2. Preliminaries

Let G be an abelian group. A vector space V is said to be a G-graded if, there exists a family (V,,),c¢ of vector
subspaces of V such that V = @qccV,. Anelement « € V is said to be homogeneous of degree a € G if x € V,. We
denote (V') the set of all homogeneous elementsin V. Let V = @,cqV, and V' = $¢cV, be two G-graded vector
spaces. A linear mapping f : V' — V' is said to be homogeneous of degree b € G'if f(V,) CV, ,,Va € G.If, f is
homogeneous of degree zero i.e. f(V,) C V/ holds for any a € G, then f is said to be even. An algebra (A4, 11) is said
to be G-graded if its underlying vector space is G-graded i.e. A = ®cgA,, and if furthermore p(A,, Ay) C Agts,
forall a,b € G. Let A’ be another G-graded algebra. A morphism f : A — A’ of G-graded algebras is by definition
an algebra morphism from A to A’ which is, in addition an even mapping.

Definition 2.1. Let G be an abelian group. A mapping ¢ : G x G — K* is called a bicharacter on G if the following
identities hold for all a, b, c € G:

(i) e(a,b)e(b,a) =1,

(ii) e(a + b, ¢) = e(a, c)e(b, ¢),

(iii) e(a, b+ ¢) = e(a, b)e(a, ¢).

It is easy to see that £(0,a) = ¢(a,0) = 1 and ¢(a,a) = £1 for all « € G. In particular, for a fixed a € G, the
induced map ¢, : G — K* defined by ¢,(b) = (a, b) is a homomorphism of groups.

In this paper, for simplicity, the degree of any homogeneous element « will be denoted again by x. Thus if « and
y are two homogeneous elements of degree a and b respectively and ¢ is a bicharacter, then we shorten the notation
by writing e(z, y) instead of e(a, b).
Unless stated, in the sequel all the graded spaces are over the same abelian group G and the bicharacter will be the
same for all the structures.

Definition 2.2. (i) A color algebra is a triple (A, i, €) consisting of a G-graded vector space A, an even bilinear
map p: Ax A— Aie pu(Aq, Ay) C Aysp forall a,b € G, and a bicharacter € : G x G — K*. the color algebra
(A, p, e, , ) is said to be associative if u(u(x,y), z) = p(x, u(y, z)) and e-commutative if p(z,y) = e(z, y) u(y, x) for
all z,y,z € H(A).

(i) A double color algebra is a quadruple (A, 11, (12, €) where (A, u;, €) is a color algebra fori =1, 2.

The following notion is due to [5], where it is called a Novikov color algebra. However, we call it a color Novikov
algebra in this paper to unify our terminologies.

Definition 2.3. [5] A color Novikov algebra is a color algebra (V, -, ¢) satisfying:

(x-y)-z = ely,2)(x-2)y (2.1)
(-y)z—z-(y-2) = elxy((y-2)-2-y- (z-2) (2.2)

forall z,y,z € H(V).
We give a generalization of color Novikov algebra as it follows.

Definition 2.4. A color Novikov-Poisson algebra is a double color algebra (V, p11, 12, €) consisting of an e-commutative
associative color algebra (A, p1, €), a color Novikov algebra (A4, 112, €) such that the following compatibility condi-
tions

pa(p2(z,y), 2) — pe(@, 11 (y,2)) = e(@,y)(pa(p2(y, ), 2)) — pa(y, pa(z, 2)) (2.3)
pa(pi(z,y),z) = e(y,z)p(p2(, 2),y) (2.4)

forall z,y,z € H(V).
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Example 2.1. (i) Every Novikov-Poisson algebra [13],[14] is a color Novikov-Poisson algebra where (z, y) = 1 for
all homogeneous elements z, y.

(ii) Let (A4, -, €) be a color Novikov algebra in which - is e-commutative. Then (A4, -, *, ) is a Novikov-Poisson algebra
where 7x = -7

(iii) Every Novikov-Poisson superalgebra [20] is a color Novikov-Poisson algebra in which G = Z; and ¢(x,y) =
(—1)*¥ for all homogeneous elements z, y.

For the rest of this section, we give basic facts about color Hom-algebras [2], [3], [20] as well as examples of color
Hom-Novikov algebras.

Definition 2.5. (i) By a color Hom-algebra, we mean a quadruple = A = (4, i, ¢, ) consisting of a G-graded vector
space A, an even bilinear map p: A x A — Aie p(Aq, Ap) C Ay forall a,b € G, abicharactere : G x G — K*
and an even linear map o : A — A. A color Hom-algebra (4, pi, €, , ) is said to be multiplicative if oo g = p o a®?
and e-commutative if p(z,y) = e(z, y)u(y, x) for all z,y € H(A).

(i) The Hom-associator of a color algebra A is the trilinear map as4 : A®® — A defined as asa(z,y,2) =
wlp(z,y), a(z)) —p(a(z), ply, z)) forall z,y, = € H(A). Ais said to be Hom-associative color algebrais as4(z,y, z) =
0forall z,y,z € H(A).

(iii) A double color Hom-algebra is a quintuple V = (V, 1, pi2, €, &) in which (V, p;, €, @) is a color Hom-algebra for
i =1,2.If furthermore a o p; = p; o a®? for i = 1,2 then V is said to be multiplicative.

(iv) A mixed Hom-associator of V is the trilinear map a3y : V®3 — V defined as a3y (z,y, 2) = p1(u2(z,y), a(2)) —
pa(a(z), p(y, 2)) forall z,y, 2 € H(V).

Remark 2.1. If e(x,y) = 1 for all homogeneous elements x and y then the notion of color Hom-algebra and double
color Hom-algebra is reduced to the one of Hom-algebra [7] and double Hom-algebra [18] respectively.

Definition 2.6. (ii) A weak morphism f : (4, u,e,a) — (A, 1/, €, &’) of two color Hom-algebras is an even linear
map f: A — A’ of the underlying G-graded vector spaces, satisfying fop = u’ o f©2. If furthermore foa = o/ o f,
then f is said to be a morphism.

(ii) A weak morphism f : (A, p1, po, €, ) — (A’, pf, s, €, ') of two double color Hom-algebras is an even linear
map f : A — A’ of the underlying G-graded vector spaces, satisfying f o u; = p} o f®? for i = 1, 2. If furthermore
foa=<da o f, then f is said to be a morphism.

(iii) A derivation of degree d € G of a color Hom-algebra (4, -, ¢, ) is a linear map D : A — A such that
D(z-y) = D(x) -y +e(d,z)x - D(y). In particular, an even derivation is a derivation of degree zero [3].

Similarly in the Definition 2.3, the following notion is due to [3], where it s called a Hom-Novikov color algebra.
In this paper, we called it a color Hom-Novikov algebra.

Definition 2.7. A color Hom-Novikov algebra is a color Hom-algebra A = (4, -, €, o) satisfying:

(-y)-alz) =c(y,2)(z - 2) - aly) (2.5)
asA(x,y,z) = E(x,y)asA(y,x,z) (26)
forall z,y, z € H(A) where as 4 is the Hom-associator (Definition 2.5 (ii) ).

Remark 2.2. Every Hom-Novikov superalgebra [22] is a color Hom-Novikov algebra in which G = Z; and ¢(z,y) =
(—1)*¥ for all homogeneous elements z, y.

Below is an example of color Hom-Novikov algebra for G = Z, given in [21].

Example 2.2. There is a three-dimensional multiplicative color Hom-Novikov algebra
A = (A= Ay @ Ay, [i, ) where the non-zero products are: fi(eq, e2) = 3Ae1 = —fi(es, €1),
fi(e2, e2) = Sea, fies, e2) = e, fi(es, e3) = $A%e; and the morphism « is defined as:

aler) = A2eq, ales) = ez, ales) = Aes.

Proposition 2.1. [3] Let A = (A, u, e, ) be a multiplicative color Hom-Novikov algebra. Then Ayn = (A, a™ o p,e,a™t1)
is also a multiplicative color Hom-Novikov algebra for each n € N.

This allows to give the following example.

Example 2.3. From the example of a multiplicative color Hom-Novikov algebra A in Example 2.2, we get the
family of multiplicative color Hom-Novikov algebras (A,»)n € N where the each n € N, Ayn = (A4, fign,a™ ")
with the following non-zero products fiq=(1,€2) = $A*""2e; = —fign(2,€1), flan(€2,€2) = S€2, flan(e3,€2) =
%A:Fleg, fian (€3, €3) = 2X*"*2e; and the morphism defined by o (e1) = A*""2ey, a"Tl(es) = €2, " (e3) =
A" €3.
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3. Definition and constructions

The purposes of this section are to present color Hom-Novikov-Poisson algebras and to discuss some basic
properties and examples of these objects. It turns out that color Hom-Novikov-Poisson algebras generalize color
Novikov-Poisson algebras as the same way as Hom-Novikov-Poisson algebras generalize Novikov-Poisson algebras.
We point out once again that Hom-Novikov-Poisson superalgebras [19] are particular instances of color Hom-
Novikov-Poisson algebras.

Definition 3.1. A color Hom-Novikov-Poisson algebra is a double color Hom-algebra A = (A4, -, , &, &) consisting
of an e-commutative Hom-associative color algebra A = (4, -, ¢, a), a color Hom-Novikov algebra A = (4, x, ¢, a)
such that the following compatibility conditions:

2) - a(y) (3.1)

(z-y) *a(z) = e(y,
£ v(y, @, 2) (3.2)

ag.A(m7y7Z) = P 5

z,y)a
hold for all z,y, z € H(A) where as 4 is the mixed Hom-associator (Definition 2.5 (iv) ).

Remark 3.1. (i) Every color Novikov-Poisson algebra is a color Hom-Novikov-Poisson algebra with identity as
twisting map.

(ii) Let A = (A, p1, p2, €, ) be a multiplicative Hom-Novikov-Poisson algebra and 8 be a morphism of A. Then
Ag = (A, B o1, Bops, e foa)isamultiplicative Hom-Novikov-Poisson algebra.

Example 3.1. There is a tree-dimensional color Hom-Novikov-Poisson algebra A = (41 & As, -, 1, €, @) with
Ay = Cey & Cez and A; = Ces such that the non-zero products are p(e1,e1) = ez, ez, e2) = e1, pler,es) =
es, p(ea,e3) = ez and a(er) = eq, ales) = e1, alez) = 0. In fact A = (A1 & As, -, 1, €, @) is a non trivial Hom-
Novikov-Poisson superalgebra [21]. According to Remark 3.1 (ii), we get the following color Hom-Novikov-Poisson
algebras: A, = (A1 ® Aa, o, la, €, %) with a?(e1) = e1, a?(e3) = ez, a?(e3) = 0 where the non-zero products are
pal(er,e1) = e, palez,e2) = ez and A,z = (A1 & Ao, -2, flaz, €, @) (since a® = a)) where the non-zero products are
toz(€1,e1) = €2, l2(ez,e2) = e1. Actually, we have A 2.1 = A, and A,2» = A, foralln € N*.

The following useful observation says that there is another way to state the compatibility condition (3.1) in a
color Hom-Novikov-Poisson algebra.

Lemma 3.1. Let A= (A4,-,*,¢,a) be a double color Hom-algebra in which - is e-commutative. Then
(@ -y) xalz) =e(y, 2)(x * 2) - a(y) (3.3)
holds for all =, y, z € H(A) if and only if
(z-y) % alz) = ala) - (y* 2) (3.4)
forall z,y, z € H(A). In particular, if A is a color Hom-Novikov-Poisson algebra, then
(x-y)xa(z) =c(y,2)(x*2)-aly) =a(zx) (yxz)forall x,y,z € H(A). (3.5)

Proof. Pick z,y,z € H(A). Then the e-commutativity of ” - 7 implies (z - y) * a(z) = e(x,y)(y - ) * a(z) and
(yx2)-a(r) =c(y+ z,z)a(z) - (y * z). Therefore

(- y)*xa(z) =a(z) - (y*2)

holds for all z,y, z € H(A) if and only if

(y- ) x a(z) = e(z, 2)(y * 2) - ()

forall z,y, z € H(A).

Finally remarking that (y - «) * a(2) = (z, 2)(y * 2) - a(x) is equivalent to (3.3), we conclude that (3.3) holds for all
x,y,z € H(A) if and only if (3.4) holds for all z, y, z € H(A).

If o = Id 4, we get the following result which will be used below.
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Corollary 3.1. Let (A, -, *,¢) be a color Novikov-Poisson algebra such that (A, -, e) is an e-commutative associative color
algebra and (A, *, €) is a color Novikov algebra. then

(z-y)xz=z-(y*2) (3.6)
holds for all z,y € H(A).

The following result shows that every e-commutative Hom-associative color algebra with an even derivation
commutating with the twisting map, has a color Hom-Novikov-Poisson algebra structure.

Theorem 3.1. Let (A, -, e, «) be an e-commutative Hom-associative color algebra and 0 : A — A be an even derivation
commutating with «. Then A = (A, -, %, ¢, ) is a color Hom-Novikov-Poisson algebra

where x x y = x - Oy, forall z,y € H(A).

Proof. It follows from [3] (Theorem 3.12) that (A, *, £, &) is a color Hom-Poisson algebra. We need to check the
two compatibility conditions (3.1) and (3.2). Pick z, y, z € H(A), then we have:

(z-y)xalz) = (z-y) 9a(2))

= ¢e(z,y)(y - z) - 0(a(z))(by the e-commutativity of -)

= e(z,y)(y-z)- (0(2))

= e(z,y)aly) - (x - 9(2))(by the Hom-associativity)

= ¢e(z,y)e(y,z + 2)(x - 02) - a(y)(by the e-commutativity of -)

= &y 2)(rx2)-aly)
which proves the equality (3.1). Furthermore we get

(@) -az) ~a@*(y-2) =
=

= az) - (Qy-z
— —a@)-(y-02)
= —(z-y)-a(02)

Similarly, we get (y * x) - a(2) — a(y) * (z - 2) = —(y - ) - @(0z). Then (3.2) is obtained from the e-commutativity of
7 .”. Below, an example of a color Hom-Novikov-Poisson algebra is given for G' = Z,.

—a(z)-9(y-2)
() (Oy-z+y-02)
(

-«
—a(z)- (0y-z+y-0z)

Example 3.2. Let (4, -, @) be a commutative Hom-associative algebra with a derivation d such that a0 d = d o «v. Set
A=Ax A= Ay® A, with Ay = A x {0}, A = {0} x A. For any zg, z1, Yo, y1 in A, define the operation ¢ on Aby

(w0, 1) © (yo,%1) = (20 - 21,0)

and two even linear maps & : A — Aand d: A — Aby a(zo, 1) = ((x0), a(z1)) and (zo, x1) = (d(x0)), x1).
then (4, 0, @) is a commutative Hom-associative superalgebra (an e-commutative Hom-associative color algebra
with G = Zj) and 9 is an even derivation of (4, ¢, &) such that d o @ = & o d [21]. By Theorem 3.1 (4,0, %, ) is a
color Hom-Novikov-Poisson algebra where

(w0, 21) * (Y0,y1) = (z0,21) © (Yo, %1) := (20 - d(y0),0)

We have the following way for constructing color Novikov-Poisson algebras from e-commutative associative
color algebras.

Corollary 3.2. Let A= ( ,€) be an e-commutative associative color algebra and 0 : A — A be an even derivation of A.
Then the quadruple (A, -, *, ) is a color Novikov-Poisson algebra where

xxy=ux-0y forall x, yin H(A).

The following result will be used to give an example of color Hom-Novikov-Poisson algebra. It is a color graded
generalization of Proposition 2.2 in [14].
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Proposition 3.1. Let (4, -, *, ) be a color Novikov-Poisson algebra, such that (A, -, €) is an e-commutative associative color
algebra and (A, *, €) is a color Novikov algebra. Suppose that (A, -, €) contains an identity element 1 4,ie. 1g -z =x-14 =z
forall x € H(A). Define a linear map 0 : A — A by

O(z)=1ga%x— (Qax1la)- -z, forallz € H(A) (3.7)
Then O is an even derivation of (A, -, €).

Proof. It is clear that 0 is an even linear map.
Next by (3.6) we have:

xxy=(r-1la)xy=x-(laxy) forallz,y € H(A) (3.8)
Note that 14 € Ap( homogeneous element of degree zero) and then for =,y € H(A),

Ar-y) = lax(x-y)—Qaxla) (z-y)

= (laxz)-y+ax(la-y)—(rxla) y—(laxla)- (z-y) (by(23)

= (laxz)-y+a-(laxy)—(z*1la)-y—(laxla) (z-y)(by(3.8))

= (laxx)-y+o-Qaxy) —clz,y)y- (r*x1la)—(Laxly)- (x-y)
(since z % 14 € A, and - is e-commutative)

= (la*z)-y+z-laxy) —el@,y)(y-z)*x1a— (laxly)-(z-y)(by(3.6))

= (Qa*z)-y+z-(laxy)—(r-y)*la—(1ax1la) (z-y)
(by the e-commutativity of -)

= (Qaxz)-y+z - (Qaxy) —(z-y) (laxla) = (lax1a)-(z-y) (by (3.8))

= (laxx) - y+z-(laxy)—2(1axlag) - (z-y)
(since 14 x 14 € Ap and - is e-commutative)

) - y+z-0y) = (Qaxz—Qaxla)-z)-y+a-(laxy— (1axla)-y)

= (axz)-y+zx-Qaxy)—((laxla) z)-y—az-((1axla) y)
= (Qaxa)-ytz-(Laxy) = ((Qaxla)-2)-y—z-(y-(1ax1a))
= (laxx) y+ax-laxy) —(Laxla)-(x-y)—(x-y) - laxla)

(by the Hom-associativity )
= (laxz)-y+a- (laxy)—2Qax1a) (z-y)

Thus we have d(z - y) = 9(z) - y + = - I(y) and therefore 9 is an even derivation of (4, -, ¢).
Now, we give the following example of color Hom-Novikov-Poisson algebra by using Theorem 3.1 and Proposition
3.1

Example 3.3. Assume that (4, -, *,¢) is a color Novikov-Poisson algebra, where (4, -,¢) is an e-commutative
associative color algebra with unity 14 and (A4, *,¢) is a color Novikov algebra. Since - is e-commutative and
lax1la € Ag,wehaveby (3.6), (1ax1a) - 2=z -(laxly)=(x-1a)*x1la=ax14 forallz € H(A) and then the
map 0 defined in (3.7) takes the form

Ox)=1a*xz—x%14 forall z € H(A).
Let o be a morphism of the double color algebra (A4, -, %, €). Define a new multiplication on A by
xoy=alx-y) forallxz e H(A).

Then (A, ¢, a, €) is an e-commutative Hom-associative color algebra. Obviously a(14) = 14. As a consequence,
a commutes with 9. Furthermore, J is an even derivation of (A4, ¢, ¢) since it is an even derivation of (4, -,¢) by
Proposition 3.1. Now, define a new operation on A by

xxy=1z0d(y) forall x € H(A).

Then thanks to Theorem 3.1, (A, ¢, %, ¢, a) is a color Hom-Novikov-Poisson algebra
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We need the following observation which will be used below.

Lemma 3.2. Let (A, p1, €, ) be an e-commutative Hom-associative color algebra. Then

p(p(@,y), a(z)) = e(y, z)n(p(, 2), ay)) (3.9)
holds for all x,y, z € H(A).
Proof. Let x,y, z € H(A). Then
(4,2), (2
a(y), p(z, 2

ey, z + z)u(p(z, z), a(y)) (by the e-commutativity)

(
ey, x)e(y, z)pu(p(z, 2), a(y)) (by (iii) of Definition 2.1)
= ¢e(y, 2)p(p(z, 2), a(y)) (by (i) of Definition 2.1)

wlp(z,y),a(z)) = ¢ (by the e-commutativity)

)
)

( by the Hom-associativity)

Another way for constructing color Hom-Novikov-Poisson algebra from e-commutative Hom-associative color
algebras is given as it follows;

Proposition 3.2. Let A = (A, u, ¢, ) be an e-commutative Hom-associative color algebra. then (A, u, i, €, @) is a color
Hom-Novikov-Poisson algebra.

Proof. Indeed, in this case the defining identity (2.6) of a color Hom-Novikov algebra coincide with the compati-
bility condition (3.2). The condition (2.6) holds because as 4 = 0 by the Hom-associativity. The condition (3.1) holds
by Lemma 3.2.

The purpose of the following result is to show that certain perturbations preserve color Novikov-Poisson algebra
structures. We need the following preliminary observation about perturbing the structure maps in an e-commutative
Hom-associative color algebra.

Lemma 3.3. Let A = (A4, u, €, ) be an e-commutative Hom-associative color algebra and t be an element in H(A) of degree
0ie. t € Ag. Define the operation y; : A®? — Aby

pe(z,y) = plt, w(z,y)) (3.10)

for all z,y € H(A). Then A, = (A, u,e,a?) is an e-commutative Hom-associative color algebra. Moreover if A is
multiplicative and o*(t) = t, then A, is also multiplicative.

Proof. The - commutativity of y; follows from the one of u. The multiplicativity is straightforward to check.
To prove that A; is Hom-associative, pick z,y,z € H(A) and abbreviate ;(x,y) to zy. Then using the fact that
t(yz) € Ayts, o*(z) € A, and using repeatedly the condition £(t,w) = e(w, t) = 1 which holds for all w € H(A)
(since t € Ay ), we have:

pi(pe(,y),0%(2)) = t{(t(zy))a®(2)}

t{a(t)((zy)a(z)
tHa(t)(a(z)(yz)
e(z,y + 2)t{a(t)((yz)a(z))} (by e-commutativity)
e(x,y + 2)t{((yz)a(z))a(t)} (by e-commutativity)

(
)t
( ) (( Jor
e(x,y + 2)t{((y2)t)a?(x)}( by Lemma 3.2)
( )t (o
)e(

} (by Hom-associativity )

)
)} (by Hom-associativity )
)

z,y + 2)t{(t(yz))a
e(y + z,x)e(z,y + 2)t{a?(z)(t(yz))} (by e-commutativity)
= p(a®(z), ey, 2)) (by Definition 2.1 (i))

This shows that A; is Hom-associative.

€ )} (by e-commutativity)

The structure maps of a multiplicative color Hom-Novikov-Poisson algebra can be perturbed by a suitable
element and its own twisting map as it follows.
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Theorem 3.2. Let A = (A, pu, 1, e, a) be a multiplicative color Hom-Novikov-Poisson algebra where (A, p, e, «) is an
e-commutative Hom-associative color algebra, (A, 11/, €, o) a color Hom-Novikov algebra and t be an homogeneous element in
Ag such that o®(t) = t. Then A, = (A, py, 11, €, &%) is also a multiplicative color Hom-Novikov-Poisson algebra, where

forall x,y € H(A).

Proof. By Lemma 3.3, we know that (A, ut, ¢, a?) is a multiplicative e-commutative Hom-associative color
algebra. Also, (4, p,,¢,a?) is a multiplicative color Hom-Novikov algebra by Proposition 2.1. It remains to
prove the compatibility conditions (3.1) and (3.2) for A;. To prove the compatibility condition (3.1) for A;, pick
z,y,z € H(A). With u(z,y) and ¢/ (z, y) written as zy and z * y respectively, we have:

pn (pe(x, ), 0%(2)) = (of
%(

t)a(zy)) * 3

) a’(z) (by the multiplicativity)
t)(a(zy) * o*(2)
( 2

z)) (by (3.4) in A)

Q/-\

= t((a(x)a(y)) * a“(z)) (by the multiplicativity)
= Ho?(@)(a(y) * a(2))} (by (34) in A)
= m(a®(2), 1y, 2)).-

This proves that A; satisfies (3.4), which is equivalent to (3.1) by Lemma 3.1.
To prove the compatibility condition (3.2) for A;, we consider the mixed Hom-associator as4, (Definition 2.5)
and we use the condition (¢, w) = e(w, t) = 1 which holds for all w € H(A) (since t € Ag )

QSNAt(x’yvz) = ,ut(u'a(x,y),oﬂ(z))fu'a(aQ(x),ut(y,z)) (311)

forall z,y, z € H(A). The first term in the mixed Hom-associator is:

pe(pn(z.y),0%(2)) = t{(az) * a(y))a®(2)}
= {(a(z) * a(y))a?(2)}t (by the e-commutativity )
= {(a(z) * a(y))a?(2)}a?(t) (by the the condition a?(t) =t )
= (*(x)* a*(y))(a*(2)a(t)) (by the Hom-associativity )
(a®(z) * a*(y))a(a(2)t) (3.12)
The second term in the mixed Hom-associator is:
po(@®(@), ey, 2)) = a’(x)*alt(yz))

a’(z) = {a(t)(a(y)e(2))}

= a3(z) * {(a(y)a(2))a(t)} (by the e-commutativity )

= o*(@) * (a*(y)(a(2)t)) (by the Hom-associativity ) (3.13)
Using (3.11), (3.12) and (3.13), it follows that the mixed Hom-associators of A; and .A are related as follows:
asa,(2,y,2) = (a®(z)* a?(y))ala()t) — o’ () * (a®(y)(a(2)t))

= asa(0’(z),0%(y), a(2)t)

Then the condition (3.2) in A; follows from the one in A. Setting o = Id4 in Theorem 3.2, we get the following
result which is a color graded generalization of Lemma 2.4 in [14].

Corollary 3.3. Let (A, -, *,¢) be a color Novikov-Poisson algebra and a € A be an arbitrary homogeneous element of degree
zero. Then (A, o, *, ) is also a color Novikov-Poisson algebra, where

ToYy=a-c-y

forall z,y € H(A).
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