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Abstract. The aim of this paper is to define and study Yetter-Drinfeld modules over weak Hom-Hopf
algebras. We show that the category HWYD" of Yetter-Drinfeld modules with bijective structure maps
over weak Hom-Hopf algebras is a rigid category and a braided monoidal category, and obtain a new
solution of quantum Hom-Yang-Baxter equation. It turns out that, If H is quasitriangular (respectively,
coquasitriangular)weak Hom-Hopf algebras, the category of modules (respectively, comodules) with bijec-
tive structure maps over H is a braided monoidal subcategory of the category HWYD" of Yetter-Drinfeld
modules over weak Hom-Hopf algebras.

1. Introduction

The first examples of Hom-type algebras were related to g-deformations of Witt and Virasoro algebras,
which play an important role in Physics, mainly in conformal field theory. The g-deformations of Witt
and Virasoro algebras are obtained when the derivation is replaced by a o-derivation. It was observed
in the pioneering works (See [5]-[8]). Motivated by these examples and their generalization, Hartwig,
Larsson and Silvestrov introduced the Hom-Lie algebras when they concerned about the g-deformations
of Witt and Virasoro algebras in [4]. In a Hom-Lie algebra, the Jacobi identity is replaced by the so called
Hom-Jacobi identity via an homomorphism. Hom-associative algebras, the corresponding structure of
associative algebras, were introduced by Makhlouf and Silvestrov in [12]. The associativity of the Hom-
algebra is twisted by an endomorphism (here we call it the Hom structure map). The generalized notions,
Hom-bialgebras, Hom-Hopf algebras were developed in [13], [14]. Caenepeel and Goyvaerts studied
in [2] Hom-bialgebras and Hom-Hopf algebras from a categorical view point, and called them monoidal
Hom-bialgebras and monoidal Hom-Hopf algebras respectively, which are slightly different from the above
Hom-bialgebras and Hom-Hopf algebras. Thus a monoidal Hom-bialgebra is Hom-bialgebra if and only
if the Hom-structure map « satisfies a> = id. Yau introduced Quasitriangular Hom-bialgebras in [17]),
which provided a solution of the quantum Hom-Yang-Baxter euqation, a twisted version of the quantum
Yang-Baxter equation called the Hom-Yang-Baxter equation in [18]. Zhang and Wang introduced weak
Hom-Hopf algebra H, which is generalization of both Hom-Hopf algebras and weak Hopf algebras, and
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discussed the category Rep(H) (resp. Corep(H)) of Hom-modules (resp. Hom-comodules) with bijective
Hom-structure maps, they proved that if H is a (co)quasitrialgular weak Hom-bialgebra (resp. ribbon weak
Hom-Hopf algebra), then Rep(H) (resp. Corep(H)) is a braided monoidal category (resp. ribbon category)
in [19].

Makhlouf and Panaite defined and studied Yetter-Drinfeld modules over Hom bialgebras, a generalized
version of bialgebras obtained by modifying the algebra and coalgebra structures by a homomorphism.
Yetter-Drinfeld modules over a Hom bialgebra with bijective structure map provide solutions of the Hom-
Yang-Baxter equation in [10]. It is well known that the Yetter-Drinfeld modules category of a (weak)
Hopf algebra is a rigid monoidal category, and is braided. Does this result remain true in a weak Hom-
Hopf algebra? How the corresponding results appear under the condition that the associativity and
coassociativity are twisted by an endomorphism? Is there any relation between this Yetter-Drinfeld modules
category and module category or comodule category? This is the motivation of the present article. In order
to investigate these questions, we introduce the definition of Yetter-Drinfeld modules over weak Hom-Hopf
algebras, which is generalization of both weak Yetter-Drinfeld modules introduced by [3] or [15] and Hom-
Yetter-Drinfeld modules introduced by [10] or [11], and consider that when the Yetter-Drinfeld modules
category of a weak Hom-Hopf algebra is is a rigid monoidal category, and is braided.

To make sure that the Yetter-Drinfeld modules category of a weak Hom-Hopf algebra H is a monoidal
category, we need H is unital and counital, and the Hom structure maps over H are all bijective maps.

The paper is organized as follows. In Section 2, we recall now several concepts and results, fixing thus
the terminology to be used in the rest of the paper.

In Section 3, we introduce the definition of Yetter-Drinfeld modules over weak Hom-Hopf algebras and
show the category WYD" of Yetter-Drinfeld modules is a monoidal category and a rigid category.

In Section 4, we show that the category HWYD" of Yetter-Drinfeld modules is a braided monoidal
category and obtain a new solution of quantum Hom-Yang-Baxter equation. It turns out that, if H is a
quasitriangular weak Hom-Hopf algebra, the category of left H-modules with bijective structure maps is a
braided monoidal subcategory of the category yWY D" of Yetter-Drinfeld modules.

In Section 5, we find another braided monoidal category structure on the category p'WY D of Yetter-
Drinfeld modules , with the property that if H is a coquasitriangular weak Hom-Hopf algebra, then
HWYD" contains the category of right H-comodules with bijective structure maps as a braided monoidal
category.

2. Preliminaries

Throughout the paper, we let k be a fixed field and all algebras are supposed to be over k. For the
comultiplication A of a vector space C, we use the Sweedler-Heyneman’s notation:

A(c) =c1®cy,

for any ¢ € C. T means the flip map 7(a ® b) = b ® a. When we say a "Hom-algebra” or a “"Hom-coalgebra”,
we mean the unital Hom-algebra and counital Hom-coalgebra.

In this section, we will review several definitions and notations related to weak Hom-Hopf algebras and
rigid categories.

2.1. Hom-algebras and Hom-coalgebras.

Recall from [12] that a Hom-associative algebra is a quadruple (A, i, 1, ¢4), in which A is a linear space,
apn:A—> A u:A®A - Aand n: k — A are linear maps, with notation p(a ® b) = ab and n(1i) = 14,
satisfying the following conditions, for all a,b,c € A:

(1) aa(ab) = aa(a)a(b);
(2) aa(a)(be) = (ab)aa(c);
() aa(la) =14;

(4) 1pga=aly = ax(a).
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A morphism f : A — B of Hom-algebras is a linear map such that ag o f = f o as, f(1a) = 1z and
ppo (f®f)=fopa.

Let A be a Hom-algebra. Recall that a left A-module is a triple (M, am, Oum), where M is a k-space,
am: M — Mand Oy : A® M — M are linear maps with notation Ox(a ® m) = a - m, satisfying the following
conditions, for alla,b € A,m € M:

(1) a(a-m) = a(a) - ap(m);
(2) a(a) - (b-m) = (ab) - am(m);
() 1a-m = am(m).

A morphism f : M — N of A-modules is a linear map such thatay o f = foay and Oy o (ida® f) = f o Oum.

Recall from [14] that a Hom-coassociative coalgebra is a quadruple (C, A, €, ac), in which C is a linear space,
a:C—C,A:C—- C®Cande:C — kare linear maps, with notation A(c) = ¢; ®c», satisfying the following
conditions for all ¢ € C:

(1) Alac(c)) = aclcr)alc);

(2) Otc(Cl) ® A(C2) = A(Cl) ® Otc(Cz),'

) ecac=¢;

(4) e(c1)er = c1e(e2) = ac(o).

A morphism f : C — D of Hom-coalgebras is a linear map such that ap o f = foac, ec = epo f and
Apo f=(f®f)oAc.

Let C be a Hom-coalgebra. Recall that a right C-comodule is a triple (M, am, pm), where M is a k-space,
ap : M — Mand py : M — M®C are linear maps with notation pa(m) = m) ®myy), satisfying the following
conditions for all m € M:

1) pmlam(m)) = am(m) ® ac(ma);
2) am(mg) ® A(mqy) = pm(me) ® ac(ma));
@) e(my)mo = ap(m).

A morphism f : M — N of C-comodules is a linear map such thatay o f = foay and pyo f = (idc® f) o pum.

Recall from [19] that a weak Hom-bialgebra is a sextuple H = (H, ay, 1,1, A, €) if (H, ay) is both a Hom-
algebra and a Hom-coalgebra, satisfying the following identities for any a,b,c € H:

(1) Aab) = A(@)A(b);
(2) &((ab)e) = e(abr)e(bac), €(a(be)) = e(aby)e(brc);
B) A®idy)A(lp) =110 1,1)01), (dg®A)A(1r)=1:01]1,®1).

Recall from [19] that a Weak Hom-Hopf algebra is a septuple (H, u, 1, A, €,5, an), in which (H, ay) is a
weak Hom-bialgebra, if H endowed with a k-linear map S (the antipode), such that for any h, g € H, the
following conditions hold:

(1) Socag=apoS5;

(2) mS(ha) = e(h), S(m)ha = es(h);

(3) S(hg) = S@)S(h), S(1n) = 11;

(4) A(S(h)) = S(hp) ® S(h1), €0S =e.

Let (H, ayy) be a weak Hom-bialgebra. Define linear maps ¢; and ¢, by the formula

ef(h) = e(lih)1y, es(h) = 11e(hly),
for any h € H, where ¢, ¢; are called the target and source counital maps. We adopt the notations H; = &;(H)
and H; = &;(H) for their images.
Similarly, we define the linear maps ¢; and &; by the formula

ei(h) = e(h11)1y, & (h) = 11e(15h),

for any h € H. Their images are denoted by H, = &(H) and H, = &(H).
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2.2. Duality and rigid categories.

Recall from [9] that let (C,®,1,a,1,r) be a monoidal category. V € C, a left dual of V is a triple
(V*, evy, coevy), where V* is an object, evy : V*® V — I and coevy : I — V ® V* are morphisms in C,
satisfying

Ty o (ldv ® evv) oayy-y o (coevy @ Zdv) o l;l =1idy,
and

Iy o (evy ®idy-) o a{,},v/w o (idy- ® coevy) o r“,} = idy-.

Similarly, a right dual of V is a triple (*V,evy, coevy), where *V is an object, evy : V®*V — [ and
coevy : I — *V ® V are morphisms in C, satisfying

1+y O (Zdv ® é?]v) o a-yyry o (EE&JV ® l'd*v) o l:‘} =id-y,
and
ly o (evy ®@idy) o ayty,, o (idy ® coevy) o 1y} = idy.

If each object in C admits a left dual (resp. a right dual, both a left dual and a right dual), then C is called
a left rigid category (resp. a right rigid category, a rigid category).

3. Left-right Yetter-Drinfeld Modules over a Weak Hom-Hopf Algebra

Definition 3.1. Let (H, arr) be a weak Hom-Hopf algebra. A Yetter-Drinfeld module over H is a vector
space (M, am), such that M is a unital left H-module (with notation # ® m + h - m) and a counital right
H-comodule (with notation m ® h +— m ) ® m(;)) with the following compatibility condition:

(- m)o) ® (h-m)ay = ay! (ha1) - meoy ® [a 2 (h)a (ma))IS ™ (), 3.1

forall h € H and m € M. We denote by HWYD" the category of Yetter-Drinfeld modules, morphisms
being the H-linear H-colinear maps.

Proposition 3.2. one has that(3.1) is equivalent to the following equations

p(m) = my) ® M) € M® H= (11 ® 12) . (M®H) (3. 2)
ap(l) - mey ® afy(h)an(may) = (h - m)g) ® (hy - m)ayaz;(h) (3.3)

Proof (3.1) = (3.2),(3.3). We have

M) & M)
= ai(121) - ) (m)) ® [af (1) (m1))1S ™ (11)
= 15 (12 - ayf (m() ® [a (1) at (ma))IS (11)
= 17 (L2 ay (m)) ® ap (1)lag? (ma)S™ (a7 (11))]
= 17 (L2 4y (m)) ® Blag (mm)S™ L)].
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Then we do a calculation as follows:

(hy - m)0) ® (hz - m) gy (1)
= ag} (ha) - m) ® [(a;f () (m1)))S ™ (ha1)]a; (ha)
= ha1 - m) ® [(ag] (h)ag (m1))S ™" (h12)]ap ()
= hy - m) ® [(haam))]S ™ (hi2)h1a
= hy - my ® [hpmm]SH(11)e(hi 12)
= i - m) ® [au(ha)ma)]1S™ (11)e(ay (h11)12)
= oy (2)1; - m ® [an(h2)m)]S™ (1)e(e; (nag (17)12)
= aj (h2)1y - me) ® [an(h)may]S™ (11)e(ay! (n)leg (1) az! (12)])
= ag (h2)1y - mey ® [an(ha)may]S™ (11)e(ay; (h11)[1712])
= Il mg) ® [ham)]S™(11)
= m1j1y - mg) ® [ap()[15a;) (ma)]1S~ (11)
= ap()[lz - ay) (m)] ® af (ho)[[1aa3] (m)]1S ™ (a3 (11))]
= ay(h) - me) ® afy(ha)an(mu)).

For (3.2), (3.3) = (3.1), we have

ag (ha) - my ® [af (ha) ey (my)1S ™ (1)

a(aif (ha) - ayf(m)) ) ® (g () - ayg (m))yagy (s (h21))S ™ (1)
= (o (h2) - m)o) ® (af (o) - ayf (m))ya (h12))S ™ (i (1))

= (o () - m)) ® (a;f (h) - ey (M) @y Lie(laaif (1))

= (Lt (ha) - m)o) ® (Lhag (o) - ayf )@y Lie(121; a7 (1))

= (Laa(h) - m)o) ® (Laag () - ay (m)aylie(Laai (1))

= (Lag (h) - m)) ® (Laajf (1) - ayg (m)m 1y

= (1y- (i (h) - ag )0y ® (12 - (af (h2) - af (M) la

= 1;- a;,}(h - 1M)() ® 120@1(}1 M)

= (h-m)o ® (h-m)q.

Definition 3.3. Let (H, o) be a weak Hom-Hopf algebra. Left-right weak-Hom type entwining structure
is a triple (A, C, ¢), where (A, a4) is a Hom-algebra and (C, ac) is a Hom-coalgebra with a linear map
P : A®C — A®Csuchthat ¢ o (as ® ac) = (a4 ® ac) o ¢ satisfying the following conditions:

v(ab) ® ac(c?) = yapb ® ac(0)??, (3. 4)

Pe®1a) = e(c)yla®cr, (3. 5)

aa(pa) ® AcY) = aa@)py) ® (cay ¥ ® c) ?), (3. 6)
s(c‘l’)wa = e(c¢)a(¢1A). (3.7)

Over a weak-Hom type entwining structure (4, C, ¢), a left-right weak-Hom type entwined modules (M, ar)
is both a right C-comodule and a left A-module such that

pu@-m) = aaya) - m) - @ac(m,), (3. 8)

foralla € Aand m € M. 4 WM(y)¢ will denote the category of left-right weak-Hom type entwined modules
and morphisms between them.
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Proposition 3.4. Let (H,an) be a weak Hom-Hopf algebra. Define ¢ : H® H — H ® H given by
Pla®c) = a! (ax) ® (A (a2)a;(€)S(ay) for all h, g € H, and so yWM()H is the category of weak-Hom

type entwined modules. In fact, for any (M, u) € yWM()H, one has compatible condition

pm(a-m) = ai(axn) - me) ® (a;f (an)ag (ma)))S™ (a).

Proof. We need to prove that (3.4-3.7) hold. First, it is straightforward to check (3.4) and (3.6). In what

follows, we only verify (3.5) and (3.7). In fact, for all a,b, c € H, we have

0® e(cllp)wlA

2 ® e(a;f (13)ag (c1))S ™ (11))an(12)

Toay (c2) ® £(15 [l (er)]1p)e(1 S (1)) 1217
Taag! (c2) ® e([15 Tala (1)15)e(15 S (1) 1217
15 g () ® e([15 o (c1)]15)e(1]12)S(11)17

1 aif(c2)15 ® e([15 ar (c1)115)e(1;12)S(11)17
1ai (o)1, ® e(1;12)S(11)17

1Y ag ()1, ® S(14)17

Lo (oS (1) ®@ 1p1,

Lo (0SS (1) ® 1n

¥ ® vla.

As for (3.7), we compute:

e(c)ya

e((apf (an)ar (©)S™ (@) an(an)

= e((a;f (a)ay (©)12)e(11S™ (@1))ar(az)

= e(ay ()@ (©)12)e(11S ™ (@ar)an(an)

= e(ag (a2)1))ey(ag (0)12))e(11S ™ (@1))an(a21)
= e(a (a)1))e(1(ay (ST (1))@ 1) an (az1)
= e(a1))e(L(a (©S™ (1n)e(az) (an1)12)an(ar2)
= e(@ml)e(ag (©S (1)e(@(1712))an1y

= e(a @)1y 1)ey(ag (©S 1)) 17 1,

= e(@1511De((ay (©S (11)m1) 1,

= e(Uy(ag @S ())an(@)1i1,

= e(y(ag ©S (1)) [1]12]

= e(ls(ag (©S (1)) 12

= e(c)a(yla).

Proposition 3.5. Let (H, ay) be a weak Hom-Hopf algebra, for any (M, am), (N, an) € H‘WMZ)H , and

define the linear map

Bun :M®N - N®M, Bun(m®@n) = o) ® 0(;11(7’1(1)) - m.

Then, we have (ay ® am) © By = Bun © (am ® an) and, if (P, ap) € H”WJZ)H, the maps B_ _ satisfy the
Hom-Yang-Baxter equation:

(ap ® Bymn) © (Bmp) ® (am ® By,p)
= (Bnp®am) o (any ® Byp) o (Bup ® aym).
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Proof. The proof is similar to Proposition 3.4 in [10].

lemma 3.6. Let(H, ay) be a weak Hom-Hopf algebra, then H; is the unit object in HWYD" with the
action: forany h € H, x € H,,

h-x = g(h)(hx), p(x)=x18x,
and ay, = a.
Proof. The proof is similar to [15].

lemma 3.7. Let (H, ay) be a weak Hom-Hopf algebra, the left and right unit constraints Iy : Hs® M — M
and ry : M ®; H; — M and their inverses are given by the formulas

Iv(x®m) = S(x) - oz;/f(m), l;/ll(m) =1y ® apy(m),

rm(m®x) = x-api(m),  ry(m) = e(a)es(la) - an(m) ® 1y
Proof. It is easy to see that Iy is natural isomorphisms in WYD", We only check that

Lilm(x ® m) = L (S(x) - (m)) = 1y & S(x) - ayf (m)
= &(11) ® (125(x)) - m

= &4(e5(S(¥))1) ® &5(x), - m

= e(11&(S(x) ® 1 - m

= (LX), -m=x®; m,

and

lMlX,Il(m) =1y & ay(m)) = 1y - ax/lz(aM(m)) =m,

which implies I3 is the inverse of Iy.

b in pwWy o,

Theorem 3.8. Let (H, ay) be a weak Hom-Hopf algebra. Then (WY DA ,®, H;) is a monoidal category.
Proof. Firstly, for any (M, anm), (N, an), (P, ap) € HWJDH , define an associativity constraint by

Similarly, we can check that rjs is a natural isomorphism with the inverse

apnp((m & n) ®; p) = ayt (m) & (n & ap(p)), me M, n€N, p € P.

Obviously that a is natural and satisfies aynp o (am ® (an ® ap)) = ((am ® an) ® ap) o ayn,p. For any h € H,
since

apn,p(h - ((m @ n) @ p))
= ayf (g - m) & (i - n @ ap(hy - p))
= hy - ayf (m) & (o1 - 1 ®; hay - ap(p))
= h - (e} (m) ® (1 ®; ap(p)))
= h- (amn,p((m & n) @ p)),

apn,p is H-linear.
Next we will check that ayn p is H-colinear.

(amn,p ®idp) © pouenyep((M ® n) @ p)

(amnp ® idir)((m @ 1)) ® proy ® a (py (m @ n))))
amnp((m00) ® 10) ® P(o)) @ i (Py vy (maymqyy)
ay (m) ® (n(o) ® ap(p()) @ azl (pay)ag (nayma)),
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Pavenyep © amnp((m @ n) @ p)

= P(M@N)@P(%l(m) ® (n® ap(p)))

= a1 (m)) ® (1 ® ap(p)) o) ® (1 ® ap(p))wyay; (M) 1))

= ayy (m)o) ® (1) ® ar(p)o) @ ai (@ (@np)nw)ay (mw)

= ayy (m)o ® (1) ® ar(p)o) @ lag’ (g (w)lay; (m)a)

= ay (m() ® (1) ® ar(p()) ® gy ) laz] () ay (m) )]

= ay (m() ® (n) ® ar(p()) ® a (pay)ag (nayma)).
And ﬂM,]I\_If, p is a bijection because of apy, ap are all bijective maps. Thus a is a natural isomorphism in
aWYD".

Secondly, it is also a direct check to prove that a satisfies the Pentagon Axiom.
At last, we will check the Triangle Axiom. In fact, for any x € H;, we have

(rm ® idn)((m ®; x) ®; 1)
X- oc;/f(m) ®n

=17 (x- a;/fz(m)) R1rn

= 11x-a1‘\,11(m) ®1r-n

= 1y - ay (m) & 1,S(x) - nn

= 11y (m) & 12 - (S(x) - ay' (n))
= a;,}(m)@S(x)-a;,l(n)

= ) (m) ® S(x) - ayt(an(n)
(idpm ® In)an,u, N((m & X) ® ).

Let (H, o) be a weak Hom-Hopf algebra with a bijective antipode S. Consider the full subcategory
HWY Z)?d. of FWYD" whose objects are finite-dimensional. Using the antipode S of H, we can provide
WYD(H)s, with a duality.

For any (M, ap) € gWY Z)?d,, we set "M = Hom(M, k), with the action and the coaction of H on M" given
by

(h f)m) = f(S(a () - apf(m)) and  fio)(m) ® foy = flay; (m()) ® S~ (g (m)-

Similarly, for any (M, ay) € WYD(H)s,., we set *“M = Hom(M, k), with the action and the coaction of H
on M* given by

(- f)(m) = f(SHag () - apf(m)) and  fio(m) ® fay = flayi(m))) ® Sz (mey))-

Theorem 3.9. The category H(WgyZ)?d is a rigid category.
Proof. Define the maps

coevy s H > M@ M, x4+ Z x - (e; ® am-(€')),
where ¢; and ¢ are bases of M and M, respectively, dual to each other, and
eop: MM — H;, f&me— f(1;-m)l,.
Firstly, we will prove that M* is indeed an object in yWY D, and a-y is given by

an(Hm) = flagh(m), fe'M, meM
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We have
(h- Hoym) @t fH

(- )yt (my) ® S az] (ma)))
f(S(az (h) - a~*(m)))) ® S~ (az} (mqy)),

(g (h21) - f0)(m) @ (aif (h)ay (f0))S ™ (1)
= fo(S(ay’ (hn)) - ayf (m) ® (o (h2)a] (f)))S ™ (1)
= f(S(a;f (hn)) - ayf () (0) ® (i (h2)aif (S(avy (h21)) - af (mpy)))S ™ ()
= f(S(a (han2)) - ayf (m)) ® (af (a2)

[S™ (a7 (ho12)) (@ (ST my)) v (h2111))DS ™ (i)
= f(S(@aj] (h212)) - o (m)()) ® ([ (h222)S ™ (' (B221))]

(@i} (57 may))agf (h11)])S™ ()
= f(S(@aj] (h212)) - a3 (m)(0))) ® (L12(12h22)

(@ (57 may)agf (h11)])S™ ()
= f(S(@a;f (h21)) - af (m)0)) ® (Lie(laham) i (S (may))az; (hn)))S ™ (1)
= (S (h221)) - @i (m) ) ® (Lie(Lahona) ey (S (may))az; (ha)])S ™" ()
= f(S(a (1)) - ayf (m)@))) ® (L1e(Lahaa) (g (S~  (may) e (h12))S ™ (@i (h11))]
= f(S(ag (hn)) - ayf (m) ) ® (1 e(Loha)(a (S (may)11e(12h1)
= f(S(ag'(15h12)) - api (m))) ® (1 (U5ha) (g (S™ (may)l1e(1217 ha)
= f(S(ai (1ah)) - apf (m)) ® (1e(Usha) (e (S () a
= f(S(ai (1Y m))S(12) - ayf (m) ) ® (S (15)e (1115 o) (e (ST () T
= f(S(a;7 (1211h) - az (m)))) ® (ST () a (S (mw)) 11
= f(S(a (m)S(12) - ayf (m) o)) ® (S~ (Laa (S (m)S ™ (11))
= f(S(a ()12 - g (m)e))) ® (S~ (Laa (S (my)S ™ (1))
= f(S(ag (h) - ayf (m)0) ® S~ (agy (my)).

Which means that
(- Ho® k- Ha = (ag (hn) - fo) ® (@i (h2)ag (f)S™ ().

We have known that H; € yWY Z)H, with left H-module structure / - z = €,(hz) and right H-comodule

structure p(x) = x1 ® xp, for all x € H;. Next, we will check evys and coevy are morphisms in gWY D!, For
anyhe€ H,me M, f € M*, we compute

eom(h - (f ® m))

(h1 - )1 - (hy - m))1a

= f(SQjai(h) - (11 - (yaz (h2))) - af (m))12
= (S (m))(L2aif (h2))) - -ayf (m))13

= fles(liagf(h) - m)1,

= fles(aif(m)) - U)St(a 7 (h))

= f(11-m)er(hlz) = h- (eom(f ® m)),

and on one hand,

p(12)f(1y - m)
f(1-m)S(17) ® 1557 (1),

p o evp(f ® m)
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on the other hand

(eom@id)op(f@m) = (evm ®id)(fo) ® M) ® arl (ma) f1))

= fo(l1 - m)la ® ai(ma) fa))
= f(la- ayf(my0))(15) ® a(m)S ™ (15 Laag; (moya)S ™ (11))
= f(l2- oy (m)))(15) ® a (mayp)S~ (1) 1aa (ma1)S ™ (11))
= f(l2- ay (m))(15) ® S~ (e(m)))S~'(17))
= f(l1-m1,®S'(12)S7(1)
= f(li-m)S1}) ® 1557 (1y).

Thus evy is H-linear and H-colinear. And it is easy to get that evy o (ap ® am) = ay o evy, hence

ey € gWYD".
Next we have

coevp(h - x)(m)

Y e - (e @ e () m)

= g(hx) - ayp(m)),
and

h-coeop(x)(m) = (ag (h)x1) - amler) © ((af (12)x2) - ey (€1))(1m)
= (g ()x1) - (S(azf (ha)ay] (x2) - oy (m)
= elar’(ag () - apf(m) = e(hx) - azf (m),
hence coevy is H-linear, it is not hard to check that coevy is H-colinear and is left to the reader. Obviously
that coevys o ag = (ap ® apr) o coevy, thus coevyy € HWYDH,
Secondly, we consider
(rm o (idp ® evpr) © apye m © (coevps ® idpy) o l;,})(m)
= (rm o (idy ® eon) © aipem)((11 - € ®; 1 - anr-(€)) @ ana(1m))
= rulei® 1o - ahp (€)(1y - ayg(m)))
= &(12)- (11 - ayy(m) = m,

and

(Ivr o (evpm ® ddpr) © a;,ll,,M,M, o (idp ® coevyy) o r;})(f)(m)
= (b 0 (eom ®idu) © g pyar ) (f) @ (amer) ®r iy (€))(m)
= Iy (@3.(H)(11 - am(e)) 1z ® an(€)(m)
= S (S() - ayfm) = fm).
Thus pWY Z)?d_ is a left rigid category.
Similarly, we define the following maps

coevy : H — "M&M, x> x- (Z am(e) @ e),

and
eop s M® "M — H;, m®; f e f(STH(1y) - m)l,.

We can show that (*M, evy, coevy) is a right dual of M. Thus y'WY Z)?d' is a right rigid category.
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Proposition 4.1. Let (H, ay) be a weak Hom-Hopf algebra. For any (M, am), (N, an) € HWMDH, then
M®&; N = UM ® 1,N € yWY D" with structures:

h-(m®tn):h1~m®th2~n,
m & 1= (m & 1)) @ (m® n)a) = (m) 1)) ® ag (nayma))-

Proof. Obviously M ®; N is a left H-module and a right H-comodule. We check now the compatibility
condition. We compute:

(h-(m®n)) o ® (h-(men)q)

(h-m®hy -n)g®(h1-m®hy - n)q

((h1 - m)0) ® (h2 - n)0) ® At ((h2 - m)y (hy - m)1))
(i (h121) - mgy ® ay (ha1) - 1g0y) ® i (@7 (o) (11))S ™ (hn))
(e (m)ag (m@)S ™ (h11)))

(2 - m) ® gy (h12) - 1)) ® i ((haama)

(S Mag (ha112))ay (hann)) ey (my) S~ (az (111))))
(2 - mq) ® i} (ho12) - (o)) ® e ((haama)

(Lae(az) (o)1) (e (my)S~ (g (111))))

(h12 - mq) ® ay (ha21) - 1)) ® i ((hazoma)

(Lae(a () ) e (ma)S™ (! (h11))))

(o (ho11) - m) ® ai! (ha21) - (o)) ® i ((hozamy)

(Lze(a (ha2)11) (e (m))S~ (1))

(@i (h211)1] - mg) ® iy (ho21) - ngo)) ® i (hazamy)
(Lae(a (o) 1511 (m)S ™ (1))

(@if (han) 1] - mg) ® ! (haz) - 1) ® i ((hazam)
(Lae(af ()15 11) g (mw)S ™ (1))

(@7 (ha11) 1511 - my ® ay (ha12) - ney) ® af (g (haz)m)
(La(ag (may)S~ (& (m)15)))

ai (ha) - (m @ n) o) ® a;f (hn)ai (m ® n)q)S™ ().

Hence M ®; N € yWY D'
Proposition 4.2. Let (M, ay), (N, an) € H"M&VZ)H. Define the map

N M@ N > M® M, cun(m®n) = ay(n) ® ay) (g (nq)) - m).

Then cppy is H-linear H-colinear and satisfies the conditions (for (P, ap) € yWY DA )

-1 -1 _ . 1 .
AppiN © CMeNP © Ay p = (Cmp ® dN) © dy py © (idm ® e p),

an,pM © CMNep © avn,p = (idy ® cap) © anmp © (cyN ® idp).

4. 1)

(4. 2)
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Proof. First, we prove that cjn is H-linear, we compute:

cmun(h - (m®@mn))
= cun(h -m®hy-n)
=y (2 - 1)) ® g (o (2 - m)y)) - (B - 1))
= OéNl(DtH (ho21) - 10) ® aiyg (i ([ (o) (n )1~ (1)) - (ha - m))
N (121 - 1) ® ey (o ([ (h2)a) (n(1)1S ™ () - (g (1) - )
=y (har - n() ® apy ([ (ha)aif (n1))1S ™ (g (112)) - (' (1) - m))
N (21 - 1) ® ayg ([ (h2)aif (na)) 1S (@i (h2))aif (11)] - aa(m))
N (21 - 1) ® ayf ([ (ho) ey (na)I[S ™ (1)e(af (1 12))] - ana(m))
= aNl(OfH (h2)13 - ”(O))®6YM([ Z(ho) Lsai (nay)[S ™ (L) e(azf (11 12))] - am(m))
= ay (12 ne) ® ay) (e (h2) Lz ()15~ (11) - am(m))
= - (12 a3f(n) ® o (o) [1aag (n1))S ™ (11)] - m
= - a3 (ng) ® ay ()ag (nw) - m
h-cpyn(m®n).

Next we prove that cyn is H-colinear.

PNeMEMN (1M @ 11)
= pnem(ay (no) ® ayf (ag (ny) - m))
=y (n0)0) ® (a5 (nq1) - apg (1)) (0) ® it (i (nwy) - gt (M) ey (moya))
= ay (noy0) ® a (na) - ay (M) ® apf (o (nay2)ag (ma))
S (nay)ay' (o))
= oy (10)0) ® a5 (nan) - ) () ® a i (@xt (np)a (m))
[S7' (@5 (nem))ay (no)mm)])
= 1) ® a (nan)la - ayl (M) ® at (e (ap)lsas (ma))S ™ (11))
= ay (no)0) ® ag (no)12 - ay (me) ® ag’ (a5 (na) Lsag (m))S™ (1))
= ay (noyo) ® a (o) (12 - @y (m)) ® aif (ne [1sa;f (ma)]S™ (11))
= ay (o) ® a3 (o) - a4y (M) ® a (nama)
= (emN ®idy)pmen(m @ n).

As for (4.2), for any m € M,n € N and p € P, we have

(an,pm © cmNep © amN,p)((m ®; 1) ®; p)
= anpml(ay (n0) ® po) ® a (aupay)na)) - ayg(m))
= ay () ® (po) ® ag (@upa)nw) - ay (m))
= (idy ® (cmp))(ar () ® (i (n1) - ayf (m) ® ap(p))
= ((idn ®: emp) © anmp © (cmN @y idp))((m & 1) ®; p),

we can check that (4.1) in the similar way.
Lemma 4.3. ¢y is bijective with inverse

c;/EN(n @m)=a 1(ozHl(S(n(l ) - m) @ ay (n(O))
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Proof. First, we prove that cpn o ¢, = id. For any m € M and n € N, we have

MN

cM,Nc;Al,N(n ® m)
= aun(@ay (ag (S(nw)) - m) ® ay (n)))
= cun(@i(S(nq))) - ays (m) ® ay (n)))
= ay(noo) ® ay (nom) - [ (S(nw)) - ayf (m)]
ayf (ney0) ® Ly (noym)ai; (S(w))] - ayp (m)
= oy (n0) ® [ay (nay)ag (S(nap))] - ay (m)
ay (n©) ® Lae(lingy) - ayg (m)
= 1ay (n(0>)®125(1 1na)) - ay L(m)
= 110‘1\1 ne1l;- aMl(m)
= nm.

Then, we note that the following relation holds, for all m € M,

M) @ 1m)

ait(1a1) - @y (my) ® [ (1)aif (may)1S ™ (11)
15 - (12 - apf (mo))) ® [ (1) (mr))1S ™' (1)

17 - (12 - ayg (m() ® o (1) (ma))S ™ (' (11))]
17 - (12 - &y (m()) ® Bl (m)S ™ (11)]

= 1o ay;(mg)) ® a;f (ma)S~ (1)

Finally, we check that cM v °cmn =id. Forany m € Mand n € N, we have

CX/I],NCM,N (m®n)
= cynlay (o) ® ay (o] (n)) - m))
ai (S(noyw)) - [ag (nq) - ayg (m)] ® azf (ney)
lai (S(noym))ag (1m)] - ay) () ® ag? (o)
[a; (S(n))ag (nap)] - ay (m) ® az} (ng)
£5(n)) - apf (m) ® ay! (n))
11S((S " es(n))) - ayg (m) @ 1 - ! ()
S(12)S((S™"es(nm)))) - ayf (m) ® S(11) - ay (n(0))
S((Ses(nay)12) - ayf (m) ® S(1) - ! (n(0))
S((Ses(n(1))S(11)) - ayf (m) ® S*(15) - oy (n(0))
S*(11) - oy (m) ® S* (1,5 e(nwy)) - oy (1))
S*(11) - oy (m) ® S*(1,) - ey ()
= mQen.

Theorem 4.4. ;WYD" is a braided monoidal category.

We can make now the connection between Yetter-Drinfeld modules over weak Hom-Hopf algebras and
modules over quasitriangular weak Hom-Hopf algebras.

Definition 4.5.11°! Let (H, a) be a weak Hom-bialgebra. If there exists R = RV ®R® € A%(1)(H®x H)A(1),
such that the following conditions hold:
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(1) (@a®a)R=R;

(2) RA(h) = A?(W)R;

(3) there exists R € A(1)(H ®x H)A%(1), such that RR = A%(1), RR = A(1);

@) aRD)®RP ®RY = a!(*VRM) @ RO @ 1?;

6) RY @R @ a(R?) = ¥ @ RV @ a~! (rOR?),
where h € H,r = R = RV @ R® = vV @ ¥, then R is called an R-matrix of H, R is called the weak inverse of
R. (H, R) is called a quasitriangular weak Hom-bialgebra.

Proposition 4.6. Let (H, ap, R) be a quasitriangular weak Hom-Hopf algebra, then we have

(i) Let (M, am) be a left H-module with action H® M — M,h ® m + h-m. Define the linear map
pm 1 M —> M & H,pp(m) = mgy & mqay := R® - m & ay(RY). Then (M, ay) with these structures is a
Yetter-Drinfeld module over H.

(ii) Let (N, an) be another left H-module with action H®; N — N,h ® n — h - n, regarded as a Yetter-
Drinfeld module as in (i), via the map py : N > N ® H, pn(n) = ng) ® nqy := r® - m ®; apy(rV). We regard
(M ®: N, ap ® ay) as a left H-module via the standard action /1 - (im ® n) = hy - m ®; h, - n and then we regard
(M ®; N, ap ® ay) as a Yetter-Drinfeld module as in (i). Then this Yetter-Drinfeld module (M ®; N, ap ® an)
coincides with the Yetter-Drinfeld module M ®; N defined as in Proposition 4.1.

Proof. First we have to prove that (M, au) is a right H-comodule; p(a(m)) = am(m ) ® a(im)) is easy and
left to the reader, we check

am(R® - m) ® Aar(RY))

= ap(R?)- ay(m)® ap(RP) ® ay(RP)
= 7R . ay(m) ® oZ,(rV) ® aZ (RW)

= aH(r(Z)) . (R(Z) -m)® aé(r(l)) ® aé(R(l))
= P RP . m)@ay(rV)® a%i(R(l))

= pu(R® -m)® aj(R)

= (pm ® am)pm(m).

(am ® A)pai(m)

Now we check the Yetter-Drinfeld condition (3.3):

R (hy - m) ® an(RW)az; ()

= ap(R?)- (hy - m) ® afy(RM)ag; ()
= (R®hy) - ap(m) ® ag;(RMhy)

= (R®P) - ay(m) ® az;(h,RV)

= au(l) - R -m) ® o (p)ag,(RY)

= an(h) - me) ® aty(ha)an(ma).

(ha - m) ) ® (ha - m)ayad,(h)

(ii) We only need to prove that the two comodule structures on M ®; N coincide, that is, for all m € M
andn €N,

my ® n) ® at(naymay) = R? - (m @ n) ® ag(RY),
that is

R? -mer? n®af(an(r®)an(R?)) = R(lz) me R(ZZ) -n®ag(RY),
which is equivalent to

an(R?) - m® ay(r®) - n®@r®R® =R? - m@RY - n® an(RV).
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Proposition 4.7. Let (H, ay, R) be a quasitriangular weak Hom-Hopf algebra. Denote by Rep(H) the
category whose objects are left H-modules and whose morphisms are H-linear maps. Then Rep(H) is a
braided monoidal subcategory of WY D", with tensor product defined as in Proposition 4.1, associativity
constraints defined by the formula aynp((m&n)&p) = a;} (mM)&n&ap(p)) for any M,N,P € Rep(H), and
braiding cyn : M& M —» N& M, m® n+— R® - ayl(n) ® RV - a;](m), with inverse c;Al,N Ny M —

MeM, n® m > Y. ayf (m) & r?. ayt(n), for any (M, ap), (N, an) € Rep(H).

5. A Braided Monoidal Category y WYD" II

Modules over quasitriangular weak Hom-Hopf algebras become Yetter-Drinfeld modules over weak
Hom-Hopf algebras are proved in Section 4. Similarly, comodules over coquasitriangular weak Hom-Hopf
algebras become Yetter-Drinfeld modules over weak Hom-Hopf algebras; inspired by this, we can introduce
a second braided monoidal category structure on yWY D", We include these facts here for completeness.
Each of the next results is the analogue of a result in Section 4; their proofs are similar to those of their
analogues and are left to the reader.

Proposition 5.1. Let (H, ay) be a weak Hom-Hopf algebra.

(i) Let (M, app), (N, an) € HWyZ)H , with notation as above, and the tensor product M&N is obtained by

M®&N = {m&n = my Q noe(myny) | m € M,n € N},
with structures:

h-(m&n) = a;f () - m@a;(ha) - 1,
men (m®n)(0) ® (m®n)(1) = (M(0)®1’l(0))®7’l(1)ﬂ1(1).

(ii) FWY D" is a braided monoidal category, with tensor product & as in (i) and associativity constraints
apmn,p and quasi-braiding cyy defined as follows: for any (M, am), (N, an), (P, ap) € H(WJDH, define an
associativity constraint by

apn,p(M&n)®p) = ay} (m@n@ap(p)), me M, n€ N, p P,

cmN P M&N — M&M, cyn(m®n) = agjl(n(o))@)a;/}(a; (1’[(1)) -m).

with inverse
cun(®m) = ayf(a;] (S(nq)) - m&ay (n).

Definition 5.2.1% Let (H, @) be a weak Hom-bialgebra, if there is a linear map ¢ : H®y H — k, such that
the following conditions hold:
(1) o(a,b) = e(brar)o(az, ba)e(asbs);
(2) o(ar, br)azby = biayo(az, b);
(3) there exists ¢’ € homy(H ® H, k), such that o(ay, b1)o’ (a2, by) = e(ab),

and o’ (a1, b1)o(az, by) = e(ba);
(4) o(a(a), a(b)) = o(a, b);
(5) o(a(a), be) = o(ay, a(c))o(ay, a(b));
(6) o(ab, a(c)) = o(a(a), cr)o(a(b), c2),
where a,b,c € H, then ¢ is called an coquasitriangular form of H, ¢’ is called the weak convolution inverse of o.
(H, 0) is called a coquasitriangular weak Hom-bialgebra.

Proposition 5.3. Let (H, ay, 0) be a coquasitriangular weak Hom-Hopf algebra, then we have

(i) Let (M, aum) be a left H-comodule with coaction M — M®&®H, pam(m) = m®m). Define the linear
map H®M — M, h®&m — h - m = o(ap(h), ma))me). Then (M, ap) with these structures is a Yetter-Drinfeld
module over H.

(ii) Let (N, an) be another left H-comodule with coaction N — N&®H, pn(n) = n(®ny. Define the linear
map H® N — N, h&n +— h-n := o(ay(h), na))ne). We regard (M&N, ay ® an) as a left H-module via the




S. Guo, Y. Ke/ Filomat 31:13 (2017), 4069-4084 4084

standard action h - (m&n) = a;(hy) - m@a;?(hy) - n and then we regard (M&N, ay ® ay) as a Yetter-Drinfeld
module as in (i). Then this Yetter-Drinfeld module (M&®N, ay; ® ay) coincides with the Yetter-Drinfeld
module M®N defined as in Proposition 5.1.

Theorem 5.4. Let (H,ay,0) be a coquasitriangular weak Hom-Hopf algebra. Denote by Corep(H)
the category whose objects are right H-comodules (M, ay) and morphisms are morphisms of right H-
comodules. Then Corep(H) is a braided monoidal subcategory of y'WY. D", with tensor product defined as
in Proposition 5.1, associativity constraints defined by the formula ayn p((m&n)&p) = a; | (m)&(n&ap(p)) for
any M, N, P € Corep(H), and braiding cpy : MON — N&M, m&n — ayl (no)®ay (mg)a(my, n1), with inverse
¢ Iun : N®M — M&N, n&®m — a; ] (mo)®ay) (no)a’ (m1, n1), for any (M, anm), (N, an) € Corep(H).
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