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Abstract. We study the notion of character Connes amenability of dual Banach algebras
and show that if A is an Arens regular Banach algebra, then A∗∗ is character Connes
amenable if and only if A is character amenable, which will resolve positively Runde’s
problem for this concept of amenability. We then characterize character Connes amenability
of various dual Banach algebras related to locally compact groups. We also investigate
character Connes amenability of Lau product and module extension of Banach algebras.
These help us to give examples of dual Banach algebras which are not Connes amenable.
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1. Introduction and preliminaries

Let A be a Banach algebra, and let X be a Banach A-bimodule. Then the dual X∗

of X is a dual Banach A-bimodule whose actions are given by (f ·a)(x) = f(a ·x) and

(a ·f)(x) = f(x ·a) (a ∈ A, x ∈ X, f ∈ X∗). A derivation D : A→ X is a linear map

such that D(ab) = D(a) · b+ a ·D(b) for all a, b ∈ A. For x ∈ X , define dx : A→ X

by dx(a) = a · x − x · a for all a ∈ A. Then dx is a derivation; these derivations are

called inner derivations. A Banach algebra A is called amenable if for every Banach

A-bimodule X every continuous derivation D : A → X∗ is an inner derivation; i.e.,

H1(A,X∗) = {0}. This concept was first introduced by Johnson in [10]. He proved

that a locally compact group G is amenable if and only if the group algebra L1(G)

is amenable as a Banach algebra.

In [11], Johnson, Kadison and Ringrose introduced a notion of amenability for von

Neumann algebras, which modified Johnson’s original definition for Banach algebras

in the sense that it takes the dual space structure of a von Neumann algebra into
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account. This notion of amenability was later called Connes amenability by Helemskĭı

in [8]. Runde in [19] extended the notion of Connes amenability to the larger class of

dual Banach algebras and studied certain concrete Banach algebras in the subsequent

papers [21], [22] and [23]. Dual Banach algebras form a special class of Banach

algebras which includes all von Neumann algebras, the Banach algebra B(E) of all

bounded operators on a reflexive Banach space E, the measure algebra M(G), the

Fourier-Stieltjes algebra B(G), and the second dual A∗∗ of an Arens regular Banach

algebra A. A Banach algebra A is called a dual Banach algebra if there exists a closed

submodule A∗ of A
∗ such that A = (A∗)

∗. One can see that a Banach algebra

that is also a dual space is a dual Banach algebra if and only if the multiplication

map is separately w∗-continuous. A dual Banach A-bimodule X is called normal

if, for each x ∈ X , the maps a → a · x and b → x · b from A into X are w∗-

continuous, see [19]. A dual Banach algebra A is called Connes amenable if for every

normal dual Banach A-bimodule X , every w∗-continuous derivation D : A → X is

inner; i.e., H1
w∗(A,X) = {0}, see [19]. Several characterizations and modifications of

Connes amenability have been described by many authors, see, for example, [2], [7],

[21], [23]. In [19], Runde investigated how, for an Arens regular Banach algebra A,

the amenability of A and the Connes amenability of A∗∗ are related. Indeed, he

showed that if A is an Arens regular Banach algebra, the amenability of A implies

Connes amenability of A∗∗ (see [19], Corollary 4.3). The converse is still an open

problem, see [2], Section 6. In the case where A is an ideal of A∗∗ or A is a C∗-algebra,

the converse holds, see [19], Theorem 4.4, and [3].

For a Banach algebra A, let σ(A) be the set of all nonzero multiplicative linear

functionals on A. If φ ∈ σ(A)∪{0}, then A is called φ-amenable if H1(A,X∗) = {0}

for all Banach A-bimodules X for which the left module action is given by a · x =

φ(a)x for all a ∈ A and x ∈ X ; A is called character amenable if it is φ-amenable

for every φ ∈ σ(A) ∪ {0}. The concept of character amenability is introduced by

Sangani Monfared in [17] under the name of right character amenability, see also [9].

The notion of φ-amenability is introduced and studied by Kaniuth, Lau and Pym

in [13], see also [12]. This notion is a generalization of left amenability of a class

of Banach algebras studied by Lau in [14], known as Lau algebras. Authors in [12],

[13] gave several characterizations of φ-amenability; for example, they showed that

if φ ∈ σ(A) then φ-amenability of A is equivalent to the existence of topological

invariant mean on A∗; that is, an m ∈ A∗∗ such that m(φ) = 1 and a ·m = φ(a)m

for all a ∈ A.

If A is a dual Banach algebra and φ ∈ σ(A)∪{0} is w∗-continuous, then A is called

φ-Connes amenable if H1
w∗(A,X) = {0} for all normal dual Banach A-bimodules X

for which the right module action of A on X is given by xa = φ(a)x for each a ∈ A

and x ∈ X . This notion was recently introduced and studied by Mahmoodi in [15].
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The Banach algebra A is called φ-contractible if H1(A,X) = {0} for all Banach

A-bimodules X for which the right module action is given by x · a = φ(a)x (a ∈ A,

x ∈ X). The notion of φ-contractibility was recently introduced and studied by

Hu et al. in [9] under the name of right φ-contractibility. Let us point out that

φ-contractibility is significantly stronger than φ-amenability.

It is of interest to know whether Connes amenability can be replaced by a new vari-

ation of Connes amenability of A∗∗, which makes it equivalent to character amenabil-

ity of A.

In this paper, for a w∗-continuous φ ∈ σ(A) ∪ {0}, we show that the concepts of

φ-amenability, φ-contractibility and φ-Connes amenability for A are equivalent. This

shows that the assumption of A being an ideal in A∗∗ in [18], Corollary 3.6, for a large

class of Banach algebras is not needed. We then introduce the notion of character

Connes amenable dual Banach algebras and give some examples to show that the

class of character Connes amenable dual Banach algebras is larger than that of char-

acter amenable, character contractible and Connes amenable dual Banach algebras.

We investigate the hereditary properties of character Connes amenable dual Banach

algebras. We then apply these results to characterize character Connes amenability

of various dual Banach algebras related to locally compact groups. Among other

results, we show that if A is an Arens regular Banach algebra, then A∗∗ is char-

acter Connes amenable if and only if A is character amenable, which will resolve

positively Runde’s problem for this concept of amenability. We also investigate

character Connes amenability of certain classes of Banach algebras consisting of Lau

product A×ϕ B and module extension A⊕1X . From this we give examples of dual

Banach algebras which are not Connes amenable.

2. Characterization of character Connes amenability

Let A be a dual Banach algebra and let σw∗(A) denote the set of all nonzero

w∗-continuous multiplicative linear functionals on A. In this paper, for φ ∈

σw∗(A) ∪ {0}, we denote by NA
φ the class of all normal dual Banach A-bimodules

X for which the right module action of A on X is given by x · a = φ(a)x for each

a ∈ A and x ∈ X .

Definition 2.1. Let A be a dual Banach algebra. We say that A is character

Connes amenable if it is φ-Connes amenable for every φ ∈ σw∗(A) ∪ {0}.

Clearly every Connes amenable dual Banach algebra is φ-Connes amenable. The

following example shows that the converse is not true.
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Example 2.2. Let X be a Banach space and take x0 ∈ X \ {0} with ‖x0‖ 6 1.

Then X∗ with the product given by

fg = f(x0)g, f, g ∈ X∗,

is a dual Banach algebra. It is clear that σ(X∗) = σw∗(X∗) = {x0}. This dual

Banach algebra is x0-Connes amenable, but if dimX∗ > 1, it is not unital and so it

is not Connes amenable.

Our first result shows that the concepts of φ-contractibility, φ-amenability and

φ-Connes amenability for dual Banach algebras are equivalent; we shall frequently

use it without explicit reference. This result shows that the hypothesis of A being an

ideal in A∗∗ in [18], Corollary 3.6, for a large class of Banach algebras is not needed.

Proposition 2.3. Let A be a dual Banach algebra and φ ∈ σw∗(A) ∪ {0}. Then

the following are equivalent.

(i) A is φ-contractible.

(ii) A is φ-amenable.

(iii) A is φ-Connes amenable.

P r o o f. The implication (i) ⇒ (ii) follows from definition. For (ii) ⇒ (iii), sup-

pose that X ∈ NA
φ . Also, let D : A −→ X be a w∗-continuous derivation. It is

enough to show that D is bounded. If D is unbounded, then there exists a sequence

{an} in A such that lim ‖an‖ = 0 and lim ‖D(an)‖ = ∞. The uniform boundedness

principle, see [6], Theorem 5.13, implies that D(an) does not converge to 0 in weak
∗

topology. This is a contradiction, since an
w∗

−→ 0.

To show that (iii) ⇒ (i), suppose that A is φ-Connes amenable. Note that kerφ

with the right action x · a = φ(a)x for all a ∈ A and x ∈ kerφ, and the natural

left action, is a normal dual Banach A-bimodule. If φ 6= 0, choose a0 ∈ A such

that φ(a0) = 1 and define D(a) = aa0 − φ(a)a0 for each a ∈ A. Then D is a w∗-

continuous derivation from A into kerφ. By assumption, there exists a1 ∈ kerφ such

that D = da1
. Now consider m = a0 − a1, and note that φ(m) = 1 and am = φ(a)m

for all a ∈ A. This shows that A is φ-contractible, see [18], Theorem 2.1. If φ = 0

then D(a) = a is also a w∗-continuous derivation from A into kerφ. So there is

e ∈ A such that a = D(a) = ae for all a ∈ A. Therefore, A is 0-contractible, see [9],

Theorem 6.3. �

Let A be a Banach algebra. Then the second dual A∗∗ of A is a Banach algebra

with the first Arens product defined by the equations

(f · a)(b) = f(ab), (G · f)(a) = G(f · a) and (F ·G)(f) = F (G · f)
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for a, b ∈ A, f ∈ A∗ and F,G ∈ A∗∗. A Banach algebra A is called Arens regular if

for each F ∈ A∗∗ the mapping G→ F ·G from A∗∗ into A∗∗ is w∗-continuous. If A

is Arens regular then A∗∗ is a dual Banach algebra.

In [19], Corollary 4.3, it is shown that if A is an Arens regular Banach algebra, the

amenability of A implies Connes amenability of A∗∗. The converse is still an open

problem, see [2], Section 6. The next result resolves this problem for the concept of

character Connes amenability of dual Banach algebras. This result was also obtained

by Mahmoodi in [15], Theorem 2.6, with an extra assumption. For φ ∈ σ(A), we

denote by φ̂ ∈ σ(A∗∗) the unique extension of φ, defined by φ̂(F ) = F (φ) for all

F ∈ A∗∗.

Theorem 2.4. Let A be an Arens regular Banach algebra, then the following

statements hold.

(i) If φ ∈ σ(A)∪{0}, then A∗∗ is φ̂-Connes amenable if and only if A is φ-amenable.

(ii) A∗∗ is character Connes amenable if and only if A is character amenable.

P r o o f. With a direct verification, we can show that σw∗(A∗∗) = {φ̂ ; φ ∈ σ(A)}.

So, it is enough to prove (i). For this, first note that A has a bounded right approx-

imate identity if and only if A∗∗ has a right identity, see for example [1], Proposi-

tion III.28.7. Thus, A∗∗ is 0-Connes amenable if and only if A is 0-amenable. Now,

suppose that φ ∈ σ(A). Then φ̂ ◦ κA = φ, where κA : A → A∗∗ is the canonical

embedding. If A is φ-amenable, from [15], Theorem 2.5, we get that A∗∗ is also

φ̂-Connes amenable.

Conversely, if A∗∗ is φ̂-Connes amenable, then by Proposition 2.3, there exists an

element m ∈ A∗∗ with m(φ) = 1 and

F ·m = F (φ)m, F ∈ A∗∗.

From this we have a ·m = φ(a)m for all a ∈ A. Thus A is φ-amenable. �

Let A be an Arens regular dual Banach algebra. If A∗∗ is Connes amenable,

then so is A, see [2], Section 3. We have the following similar result for character

Connes amenable dual Banach algebras, which follows from Theorem 2.3 and [13],

Proposition 3.4. We do not know if the converse of part (ii) in this result is true.

Corollary 2.5. Let A be an Arens regular dual Banach algebra, then the following

statements hold.

(i) If φ ∈ σw∗(A)∪{0}, then A∗∗ is φ̂-Connes amenable if and only if A is φ-Connes

amenable.

(ii) If A∗∗ is character Connes amenable, then A is also character Connes amenable.
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It is well-known that, if A is a C∗-algebra, then A is amenable if and only if A∗∗ is

Connes amenable, see for example [20], Corollary 6.5.12. Since A is always character

amenable, see [17], Corollary 2.7, from Theorem 2.4, we have the following result.

This result shows that there are character Connes amenable dual Banach algebras

which are not Connes amenable.

Corollary 2.6. If A is a C∗-algebra, then A∗∗ is character Connes amenable.

Our next result describes an interaction between the character Connes amenability

of a dual Banach algebra and of its w∗-closed ideals.

Proposition 2.7. Let A be a character Connes amenable dual Banach algebra

and J be a w∗-closed ideal of A. Then J is character Connes amenable if and only

if J has a right identity.

P r o o f. Let b0 be a right identity for J , and φ ∈ σw∗(J). Define ϕ : A → C by

ϕ(a) = φ(b0a). Then ϕ|J = φ and ϕ ∈ σw∗(A). Since A is ϕ-Connes amenable,

Theorem 2.3 and [18], Proposition 3.8, imply that J is φ-Connes amenable. Thus J

is character Connes amenable. The converse is clear. �

Before we give our next result, note that if J is a w∗-closed ideal of a dual Banach

algebra A, then the quotient algebra A/J is a dual Banach algebra with predual

J⊥ = {a∗ ∈ A∗ ; b(a∗) = 0 ∀ b ∈ J}.

If φ ∈ σw∗(A), then there is a unique φq ∈ σw∗(A/J) with φq ◦ q = φ if and only if

J ⊆ kerφ, where q : A→ A/J is the quotient map.

Proposition 2.8. Let A be a dual Banach algebra and J be a w∗-closed ideal

of A. Then the following statements hold.

(i) If J has a right identity, φ ∈ σw∗(A)∪{0} and J ⊆ kerφ, then A/J is φq-Connes

amenable if and only if A is φ-Connes amenable.

(ii) J and A/J are character Connes amenable if and only if J has a right identity

and A is character Connes amenable.

P r o o f. (i): If φ is nonzero, then (i) follows from Theorem 2.3 and [18], Propo-

sitions 3.10, 3.12. So let φ = 0. If e is a right identity for A, then q(e) is a right

identity for A/J . Conversely, let a0 ∈ A be such that q(a0) is a right identity for

A/J and b0 is a right identity of J . Then for each a ∈ A, from q(a)q(a0) = q(a) we

get aa0 − a ∈ J . Therefore,

(aa0 − a)b0 = aa0 − a.

This shows that a(a0 + b0 − a0b0) = a. So a0 + b0 − a0b0 is a right identity for A.

248



(ii): It follows from (i), Proposition 2.7 and the fact that: if χ ∈ σw∗(A/J), then

φ = χ ◦ q ∈ σw∗(A) and φq = χ. �

As a consequence of Proposition 2.7, [17], Theorem 2.6, and [9], Lemma 6.8, we

have the next result.

Corollary 2.9. Let A be a character contractible dual Banach algebra. For each

w∗-closed ideal J of A, the following are equivalent.

(i) J is character contractible.

(ii) J is character amenable.

(iii) J is character Connes amenable.

3. Character Connes amenability of group algebras

Let G be a locally compact group with a fixed left Haar measure λ. Let L1(G)

denote the group algebra of G. Then L1(G) is a Banach algebra with convolution as

its multiplication and can be identified with the predual of the von Neumann algebra

L∞(G); the usual Lebesgue space with the essential supremum norm. Let M(G) be

the measure algebra of G as defined in [5]. ThenM(G) is a dual Banach algebra with

natural predual C0(G), the collection of all continuous functions on G that vanish

at infinity.

Let A(G) be the Fourier algebra of G as introduced by Eymard in [4]. Then

A(G) with the pointwise multiplication is a commutative Banach algebra and can be

identified with the predual of the group von Neumann algebra V N(G) generated by

left translations on L2(G) by the pairing u(λ(t)) = u(t).

We know from [21] that M(G) is Connes amenable if and only if G is amenable.

It is (character) amenable if and only if G is discrete and amenable, see [17], Corol-

lary 2.5. Also it is character contractible if and only if G is finite, see [18], Corol-

lary 6.2. In the next result, we show that it is always character Connes amenable.

This result shows that there is a character Connes amenable dual Banach algebra

which is neither (character) amenable nor character contractible.

Proposition 3.1. If G is a locally compact group, then the following statements

hold.

(i) M(G) is character Connes amenable.

(ii) L∞(G) is character Connes amenable.

P r o o f. (i): If ϕ ∈ σw∗(M(G)), then ϕ ∈ C0(G) and ϕ(st) = ϕ(s)ϕ(t) for all

s, t ∈ G. This implies that G is compact. From [21], Proposition 3.4, we get that
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M(G) is Connes amenable and so it is ϕ-Connes amenable. Therefore, M(G) is

character Connes amenable.

(ii): Assume that ϕ ∈ σw∗(L∞(G)). From the w∗-density of A(G) in L∞(G)

it follows that ϕ|A(G) ∈ σ(A(G)). Then, by [13], Example 2.6, A(G) is ϕ|A(G)-

amenable. It follows from [15], Theorem 2.5, that L∞(G) is ϕ-Connes amenable.

Therefore, L∞(G) is character Connes amenable. �

For a locally compact group G, the Fourier-Stieltjes algebra B(G) of G is the

collection of all coefficient functions of continuous unitary representations of G. As

is well known, see [4], B(G) can be identified with the dual of the (full) group

C∗-algebra C∗(G) of G. With the norm defined by this duality and the pointwise

multiplication, B(G) is a dual Banach algebra containing A(G) as a closed ideal.

Recently, Runde and Uygul in [24] showed that B(G) is Connes amenable if and

only if G is almost abelian, i.e., it has an abelian subgroup of finite index. Character

amenability of B(G) is also studied in [9], Section 4. It is well-known that if G

is amenable, then V N(G) is Connes amenable; the converse is also true for inner

amenable groups, see [19], Theorem 5.3. For character Connes amenability of B(G)

and V N(G) we have the next result.

Proposition 3.2. If G is a locally compact group, then

(i) B(G) is character Connes amenable;

(ii) V N(G) is character Connes amenable.

P r o o f. (i): Assume that ϕ ∈ σw∗(B(G)). From w∗-density of A(G) in B(G)

it follows that ϕ|A(G) ∈ σ(A(G)). Then, by [13], Example 2.6, A(G) is ϕ|A(G)-

amenable. It follows from [15], Theorem 2.4, 2.5, that B(G) is ϕ-Connes amenable.

Therefore, B(G) is character Connes amenable.

(ii): If ϕ ∈ σw∗(V N(G)), then ϕ ∈ A(G) ⊆ C0(G) and ϕ(st) = ϕ(s)ϕ(t) for all

s, t ∈ G. This shows that G is compact. From [19], Theorem 5.3, we get that V N(G)

is Connes amenable and so it is ϕ-Connes amenable. Therefore, V N(G) is character

Connes amenable. �

4. Character Connes amenability of Lau product

and module extension

Let A and B be Banach algebras, and ϕ ∈ σ(B). Then the vector space A × B

equipped with the algebra multiplication

(a1, b1)(a2, b2) = (a1a2 + ϕ(b2)a1 + ϕ(b1)a2, b1b2), a1, a2 ∈ A, b1, b2 ∈ B,
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and the norm ‖(a, b)‖ = ‖a‖ + ‖b‖ is a Banach algebra which is called the ϕ-Lau

product of A and B and denoted by A ×ϕ B. This type of product was introduced

by Lau in [14] for certain class of Banach algebras and was extended by Sangani

Monfared in [16] for the general case. We note that in the special case where B is

the set of complex numbers C and ϕ is the identity map on C, then A ×ϕ B is the

unitization Ae of A.

Now, if A and B are dual Banach algebras and ϕ ∈ σw∗(B), then the ϕ-Lau

product A×ϕB is also a dual Banach algebra with A∗×∞B∗ as predual. Moreover,

following [16], Proposition 2.4, we can show that

σw∗(A×ϕ B) = (σw∗(A) × {ϕ}) ∪ ({0} × σw∗(B)) .

Theorem 4.1. Let A and B be dual Banach algebras and let ϕ ∈ σw∗(B). Then

the following statements hold.

(i) If φ ∈ σw∗(A), then A ×ϕ B is (φ, ϕ)-Connes amenable if and only if A is

φ-Connes amenable.

(ii) A×ϕB is (0, ϕ)-Connes amenable if and only if A has a right identity and B is

ϕ-Connes amenable.

(iii) Let ψ ∈ σw∗(B) and ψ 6= ϕ. Then A ×ϕ B is (0, ψ)-Connes amenable if and

only if B is ψ-Connes amenable.

P r o o f. (i): Let (m,n) ∈ A×ϕB be such that (φ, ϕ)(m,n) = 1 and (a, b)(m,n) =

(φ, ϕ)(a, b)(m,n) for all a ∈ A and b ∈ B. Choosing b = 0 and a0 ∈ A such that

φ(a0) 6= 0, we conclude that n = 0, φ(m) = 1 and am = φ(a)m for all a ∈ A. So A

is φ-Connes amenable.

Conversely, let m ∈ A be such that φ(m) = 1 and am = φ(a)m for all a ∈ A.

Then (φ, ϕ)(m, 0) = 1 and (a, b)(m, 0) = (am + ϕ(b)m, 0) = (φ, ϕ)(a, b)(m, 0), for

each (a, b) ∈ A×ϕ B. This shows that A×ϕ B is (φ, ϕ)-Connes amenable.

(ii): It follows from the fact that: if (m,n) ∈ A ×ϕ B, then (0, ϕ)(m,n) = 1 and

(a, b)(m,n) = (0, ϕ)(a, b)(m,n) for all a ∈ A and b ∈ B if and only if ϕ(n) = 1,

bn = ϕ(b)n for all b ∈ B, and −m is a right identity for A.

(iii): Let (m,n) ∈ A ×ϕ B be such that (0, ψ)(m,n) = 1 and (a, b)(m,n) =

(0, ψ)(a, b)(m,n) for all a ∈ A and b ∈ B. From this, we conclude that ψ(n) = 1 and

bn = ψ(b)n for all b ∈ B. Hence, B is ψ-Connes amenable.

Conversely, let n0 ∈ B be such that ψ(n0) = 1 and bn0 = ψ(b)n0 for all b ∈ B.

Since ϕ 6= ψ, by Hahn-Banach theorem, there is b0 ∈ B such that ψ(b0) = 1 and

ϕ(b0) = 0. Put n = n0b0. Then ϕ(n) = 0 and bn = ψ(b)n for all b ∈ B. Since
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(0, ψ)(0, n) = 1 and

(a, b)(0, n) = (ϕ(n)a, bn) = (0, ψ(b)n) = (0, ψ)(a, b)(0, n)

for all a ∈ A, b ∈ B, it follows that A×ϕ B is (0, ψ)-Connes amenable. �

Corollary 4.2. Let A and B be dual Banach algebras and let ϕ ∈ σw∗(B). Then

A ×ϕ B is character Connes amenable if and only if both A and B are character

Connes amenable.

Let A be a dual Banach algebra and let Ae = A⊕1 C be the unitization of A. Let

φ ∈ σ(A) ∪ {0} and define φ̃(a, λ) = φ(a) + λ. As a corollary of the above theorem

we have the next result.

Proposition 4.3. Let A be a dual Banach algebra, then the following statements

hold.

(i) If φ ∈ σw∗(A)∪{0}, then A is φ-Connes amenable if and only if Ae is φ̃-Connes

amenable.

(ii) A is character Connes amenable if and only if Ae is character Connes amenable.

For a Banach algebra A and a Banach A-bimodule X , let A ⊕1 X be the vector

space A×X which is equipped with the norm ‖(a, x)‖ = ‖a‖+ ‖x‖ and the algebra

product

(a1, x)(a2, y) = (a1a2, a1 · y + x · a2), a1, a2 ∈ A, x, y ∈ X.

Then A ⊕1 X is a Banach algebra that is called the module extension of A and X .

Some aspects of module extension Banach algebras have been discussed in [25].

Now if A is a dual Banach algebra and X is a normal dual Banach A-bimodule,

then A ⊕1 X is also a dual Banach algebra. A direct verification shows that

σw∗(A⊕1 X) = {(φ, 0); φ ∈ σw∗(A)}.

Proposition 4.4. Let A be a dual Banach algebra and X be a normal dual

Banach A-bimodule. If A⊕1 X is character Connes amenable, then so is A.

P r o o f. If (a0, x0) ∈ A ⊕1 X is a right identity of A ⊕1 X , then aa0 = a for all

a ∈ A. Thus a0 is a right identity of A.

Now, let φ ∈ σw∗(A). Since A⊕1X is (φ, 0)-Connes amenable, there is an element

(m,x0) ∈ A⊕1 X such that (φ, 0)(m,x0) = 1 and (a, x)(m,x0) = (φ, 0)(a, x)(m,x0)

for all (a, x) ∈ A ⊕1 X . It follows that φ(m) = 1 and am = φ(a)m for all a ∈ A.

Hence, A is φ-Connes amenable. �
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In the case where X ∈ NA
ϕ for some ϕ ∈ σw∗(A) ∪ {0}, we have the next result.

Theorem 4.5. Let A be a dual Banach algebra, ϕ ∈ σw∗(A) ∪ {0} and let

X ∈ NA
ϕ . Then the following statements hold.

(i) A ⊕1 X is (ϕ, 0)-Connes amenable if and only if X = 0 and A is ϕ-Connes

amenable.

(ii) If ϕ 6= φ ∈ σw∗(A), then A ⊕1 X is (φ, 0)-Connes amenable if and only if A is

φ-Connes amenable.

P r o o f. (i): First let ϕ = 0. Then (a0, x0) ∈ A⊕1X is a right identity of A⊕pX

if and only if

(a, x) = (aa0, a · x0), a ∈ A, x ∈ X.

The above equality holds if and only if X = 0 and a0 is a right identity of A. Now

let ϕ ∈ σw∗(A). Then A ⊕1 X is (ϕ, 0)-Connes amenable if and only if there is an

element (m,x0) ∈ A⊕1 X such that ϕ(m) = 1 and

(am, a · x0 + x) = (ϕ(a)m,ϕ(a)x0), a ∈ A, x ∈ X.

These also hold if and only if X = 0, ϕ(m) = 1 and am = ϕ(a)m for all a ∈ A.

(ii): By Proposition 4.4, the “only if” part is clear. Now suppose that A is φ-

Connes amenable. Choose m1 ∈ A such that φ(m1) = 1 and am1 = φ(a)m1 for

each a ∈ A. Since φ 6= ϕ, there is m2 ∈ A such that ϕ(m2) = 0 and φ(m2) = 1.

Put m = m1m2. Then ϕ(m) = 0, φ(m) = 1 and am = φ(a)m for each a ∈ A. So

(φ, 0)(m, 0) = 1 and

(a, x)(m, 0) = (am, x ·m) = (φ(a)m,ϕ(m)x) = (φ(a)m, 0) = (φ, 0)(a, x)(m, 0).

Thus, A⊕1 X is (φ, 0)-Connes amenable. �

Corollary 4.6. Let A be a dual Banach algebra, ϕ ∈ σw∗(A) ∪ {0} and let

X ∈ NA
ϕ . Then A ⊕1 X is character Connes amenable if and only if X = 0 and A

is character Connes amenable.

Remark 4.7. Since every Connes amenable dual Banach algebra is φ-Connes

amenable for all φ ∈ σw∗(A) ∪ {0}, Theorem 4.5 shows that if A is a dual Banach

algebra and X is a normal dual Banach A-bimodule, then in each of the following

cases the dual Banach algebra A⊕1 X is not Connes amenable.

(i) A is not φ-Connes amenable for some φ ∈ σw∗(A) ∪ {0}.

(ii) X is nonzero and X ∈ NA
φ for some φ ∈ σw∗(A) ∪ {0}.
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[4] P.Eymard: L’algèbre de Fourier d’un groupe localement compact. Bull. Soc. Math. Fr.
92 (1964), 181–236. (In French.) zbl MR doi

[5] G.B. Folland: A Course in Abstract Harmonic Analysis. Studies in Advanced Mathe-
matics, CRC Press, Boca Raton, 1995. zbl MR

[6] G.B. Folland: Real Analysis: Modern Techniques and Their Applications. Pure and
Applied Mathematics, A Wiley-Interscience Series of Texts, Monographs, and Tracts.
Wiley & Sons, New York, 1999. zbl MR

[7] B.Hayati, M.Amini: Connes-amenability of multiplier Banach algebras. Kyoto J. Math.
50 (2010), 41–50. zbl MR doi

[8] A.Ya.Helemskĭı: The homological essence of Connes amenability: Injectivity of the
predual bimodule. Math. USSR, Sb. 68 (1990), 555–566. (In English. Russian original.);
translation from Mat. Sb. 180 (1989), 1680–1690. zbl MR doi

[9] Z.Hu, M. S.Monfared, T. Traynor: On character amenable Banach algebras. Stud.
Math. 193 (2009), 53–78. zbl MR doi

[10] B.E. Johnson: Cohomology in Banach Algebras. Memoirs of the American Mathemati-
cal Society 127, American Mathematical Society, Providence, 1972. zbl MR doi

[11] B.E. Johnson, R.V.Kadison, J. R.Ringrose: Cohomology of operator algebras. III: Re-
duction to normal cohomology. Bull. Soc. Math. Fr. 100 (1972), 73–96. zbl MR doi

[12] E.Kaniuth, A.T. Lau, J. Pym: On character amenability of Banach algebras. J. Math.
Anal. Appl. 344 (2008), 942–955. zbl MR doi

[13] E.Kaniuth, A. T. Lau, J. Pym: On ϕ-amenability of Banach algebras. Math. Proc.
Camb. Phil. Soc. 144 (2008), 85–96. zbl MR doi

[14] A.T. Lau: Analysis on a class of Banach algebras with applications to harmonic analysis
on locally compact groups and semigroups. Fundam. Math. 118 (1983), 161–175. zbl MR

[15] A.Mahmoodi: On ϕ-Connes amenability of dual Banach algebras. J. Linear Topol. Al-
gebra 3 (2014), 211–217.

[16] M.S.Monfared: On certain products of Banach algebras with applications to harmonic
analysis. Stud. Math. 178 (2007), 277–294. zbl MR doi

[17] M.S.Monfared: Character amenability of Banach algebras. Math. Proc. Camb. Phil.
Soc. 144 (2008), 697–706. zbl MR doi

[18] R.Nasr-Isfahani, S. S. Renani: Character contractibility of Banach algebras and homo-
logical properties of Banach modules. Stud. Math. 202 (2011), 205–225. zbl MR doi

[19] V.Runde: Amenability for dual Banach algebras. Stud. Math. 148 (2001), 47–66. zbl MR doi
[20] V.Runde: Lectures on Amenability. Lecture Notes in Mathematics 1774, Springer,

Berlin, 2002. zbl MR doi
[21] V.Runde: Connes-amenability and normal, virtual diagonals for measure alebras I.

J. Lond. Math. Soc., II. Ser. 67 (2003), 643–656. zbl MR doi
[22] V.Runde: Connes-amenability and normal, virtual diagonals for measure algebras II.

Bull Aust. Math. Soc. 68 (2003), 325–328. zbl MR doi
[23] V.Runde: Dual Banach algebras: Connes-amenability, normal, virtual diagonals, and

injectivity of the predual bimodule. Math. Scand. 95 (2004), 124–144. zbl MR doi
[24] V.Runde, F. Uygul: Connes-amenability of Fourier-Stieltjes algebras. Bull. Lond. Math.

Soc. 47 (2015), 555–564. zbl MR doi

254

https://zbmath.org/?q=an:0271.46039
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0423029
http://dx.doi.org/10.1007/978-3-642-65669-9
https://zbmath.org/?q=an:1142.46320
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2289023
http://dx.doi.org/10.7146/math.scand.a-15010
https://zbmath.org/?q=an:0655.46053
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0937636
http://dx.doi.org/10.1016/0022-1236(88)90136-X
https://zbmath.org/?q=an:0169.46403
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0228628
http://dx.doi.org/10.24033/bsmf.1607
https://zbmath.org/?q=an:0857.43001
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1397028
https://zbmath.org/?q=an:0924.28001
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1681462
https://zbmath.org/?q=an:1201.46043
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2629641
http://dx.doi.org/10.1215/0023608X-2009-003
https://zbmath.org/?q=an:0721.46041
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1038222
http://dx.doi.org/10.1070/SM1991v068n02ABEH001374
https://zbmath.org/?q=an:1175.22005
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2506414
http://dx.doi.org/10.4064/sm193-1-3
https://zbmath.org/?q=an:0256.18014
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0374934
http://dx.doi.org/10.1090/memo/0127
https://zbmath.org/?q=an:0234.46066
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0318908
http://dx.doi.org/10.24033/bsmf.1731
https://zbmath.org/?q=an:1151.46035
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2426323
http://dx.doi.org/10.1016/j.jmaa.2008.03.037
https://zbmath.org/?q=an:1145.46027
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2388235
http://dx.doi.org/10.1017/S0305004107000874
https://zbmath.org/?q=an:0545.46051
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0736276
https://zbmath.org/?q=an:1121.46041
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2289357
http://dx.doi.org/10.4064/sm178-3-4
https://zbmath.org/?q=an:1153.46029
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2418712
http://dx.doi.org/10.1017/S0305004108001126
https://zbmath.org/?q=an:1236.46045
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2771651
http://dx.doi.org/10.4064/sm202-3-1
https://zbmath.org/?q=an:1003.46028
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1881439
http://dx.doi.org/10.4064/sm148-1-5
https://zbmath.org/?q=an:0999.46022
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1874893
http://dx.doi.org/10.1007/b82937
https://zbmath.org/?q=an:1040.22002
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1967697
http://dx.doi.org/10.1112/s0024610703004125
https://zbmath.org/?q=an:1042.22001
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2016307
http://dx.doi.org/10.1017/s0004972700037709
https://zbmath.org/?q=an:1087.46035
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2091485
http://dx.doi.org/10.7146/math.scand.a-14452
https://zbmath.org/?q=an:1335.46041
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3375923
http://dx.doi.org/10.1112/blms/bdv030


[25] Y.Zhang: Weak amenability of module extensions of Banach algebras. Trans. Am. Math.
Soc. 354 (2002), 4131–4151. zbl MR doi

Author’s address: M o h ammad R am e z a n p o u r, School of Mathematics and
Computer Science, Damghan University, P.O. Box 36716, Damghan 41167, Iran, e-mail:
ramezanpour@du.ac.ir, md ramezanpour@yahoo.com.

255

https://zbmath.org/?q=an:1008.46019
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1926868
http://dx.doi.org/10.1090/S0002-9947-02-03039-8

		webmaster@dml.cz
	2020-07-03T23:04:14+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




