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A CHARACTERIZATION OF MODULE CATEGORIES OVER QUANTALES

BACHUKI MESABLISHVILI

Abstract. It is shown that module categories over quantales are precisely those quantaloids (i.e.,
categories enriched in the symmetric monoidal closed category of sup-lattices) that are monadic over

the category of sets.

As a background to the subject, we refer to S. MacLane [5] for generalities on the (ordinary)
category theory and to M. Kelly [4] for enriched category theory.

1. Preliminaries

1.1. For a monad T = (T, µ, η) on a category X , we write

– X T for the Eilenberg–Moore category of T –algebras;
– UT : X T → X , (X,h) → X, for the underlying (forgetful) functor;
– FT : X → X T , X → (T (X), µX), for the free T –algebra functor, and
– ηT , εT : FT ⊣ UT : X T → X for the forgetful–free adjunction. (Recall that ηT = η and
(εT )(X,h) = h for all (X,h) ∈ X T ).

Let η, ε : F ⊣ U : A → X be an adjunction, S = (UF,UεF, η) be the monad on X generated
by the adjunction and KS : A → X S be the comparison functor. Recall that KS assigns to
each object A ∈ A the T -algebra (U(A), U(εA)), and to each morphism f : A → A′ the morphism
U(f) : U(A) → U(A′). Moreover, UT KT = U and KT F = FT . One says that the functor U is
monadic if KT is an equivalence of categories.

1.2. Let Sl denote the category of sup-lattices, i.e., complete lattices and sup-preserving morphisms.
It is well known (see, [3]) that Sl is a symmetric monoidal closed category, the tensor unit being
2 = {0 ≤ 1}, and Sl is a monadic category over the category of sets, Set. The forgetful functor

Sl(2,−) : Sl → Set admits as a left adjoint the functor 2(−) sending a set X to 2X , and the Eilenebrg–
Moore category of algebras w.r.t. the monad generated by this adjunction is (isomorphic to ) Sl. An
important property of the category Sl is that (small) coproducts are biproducts in Sl; that is, if {Xi}
is a (small) family of objects of Sl, then the comparison morphism

∐
Xi →

∏
Xi is an isomorphism.

1.3. A quantale is a monoid in the symmetric monoidal category Sl. Therefore, a quantale is a
sup-lattice A equipped with a monoid structure (A, ∗, 1) such that ∗ distributes over suprema. As in
any symmetric monoidal category, we can talk about (right) actions of a quantale A on objects of Sl.
We call them (right) A-modules and write ModA(Sl) for the corresponding category. It is well known
that the evident forgetful functor UA : ModA(Sl) → Set is monadic. Its left adjoint takes a set X to
the coproduct

∐
X A of X copies of A.

1.4. A quantaloid is a locally small category enriched in the symmetric monoidal closed category of
sup-lattices. If Q is a quantaliod, then one has the following commutative diagram of categories and
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functors
Sl

Sl(2,−)

��
Qop × Q

HomQ(−,−)

99

Q(−,−)
// Set,

in which HomQ(−,−) is the so-called lifted hom-functor. Typical examples of quantaloids are module
categories over quantales. The property that (small) coproducts are biproducts in Sl, transfers to any
quantaloid Q (see, e.g., [2]). We write ⊕Qi for the biproduct of the family (Qi, i ∈ I).

2. The Characterization Theorem

We now give the conditions under which a quantaloid can be recognized as a module category over
a quantale.

2.1. Let η, ε : F ⊣ U : A → X be an adjunction, T be a monad on X and K : A → X T be a
functor such that UT K = U . The situation may be pictured as

A

U

##

K // X T

UT

zz
X

F

cc

FT

:: (2.1)

Write S for the monad on X generated by the adjunction F ⊣ U . It is shown in [1] that the composite

sK : UT FT UT FT η−−−−−→ UT FT UF = UT FT UT KF
UT εT KF−−−−−−−→ UT KF = UF

is a monad morphism T → S . When sK is a natural isomorphism, one says that the functor U
is T -Galois (see [7, Definition 1.3]). Some criteria for the functor U to be T -Galois can be found
in [8, 9].

Applying the dual of [6, Theorem 4.4] (or [7, Proposition 2.1]) to the data given in the diagram
(2.1), we get the following comparison theorem.

Theorem 2.1. In the situation described above, K is an equivalence of categories if and only if

(i) U is monadic and
(ii) the induced monad morphism sK : T → S is an isomorphism (U is T -Galois).

2.2. Let Q be a quantaloid and Q an arbitrary object of Q. To Q one associates the functor
HomQ(Q,−) : Q → Sl and the quantale E = HomQ(Q,Q) of endomorphisms of Q. Then for
any object A ∈ Q, the sup-lattice HomQ(Q,A) naturally has the structure of a right E-module given
by the composition and thus the assignment A 7−→ HomQ(Q,A) yields a functor KQ : Q → ModE(Sl)
such that UEK

Q = Q(Q,−). If A admits small copowers of Q (i.e. biproducts Q(X) = ⊕XQ of X
copies of Q for all set X), then Q(Q,−) admits a left adjoint Q(−) which associates to a set X the
copower Q(X) and we have the following particular instance of diagram (2.1):

Q

Q(Q,−)

��

KQ
// ModE(Sl)

UE

||
Set

Q (−)

^^

E(−)

<<
(2.2)

We write T E for the monad on Set generated by the adjunction E(−) ⊣ UE .

Proposition 2.1. In the situation of diagram (2.2), the functor Q(Q,−) is T E-Galois.
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Combining Theorem 2.1 and Proposition 2.1, we obtain our characterization theorem.

Theorem 2.2. A quantaloid Q is (equivalent to) a module category over a quantale if and only if
there exists an object Q ∈ Q such that the functor Q(Q,−) : Q → Set is monadic. When this is the
case, Q is equivalent to ModE(Sl), where E = Q(Q,Q).

Acknowledgement

This work was supported by the Shota Rustaveli National Science Foundation of Georgia (SRNSFG)
(Grant No. FR-22-4923).

References

1. E. Dubuc, Adjoint triangles. In: Reports of the Midwest Category Seminar. II, pp. 69–91, Lecture Notes in Math.,
no. 61, Springer, Berlin-New York, 1968.

2. D. Hofmann, G. J. Seal, W. Tholen, (eds.), Monoidal Topology: A Categorical Approach to Order, Metric, and

Topology. Encyclopedia of Mathematics and Its Applications, vol. 153, Cambridge University Press, 2014.
3. A. Joyal, M. Tierney, An extension of the Galois theory of Grothendieck. Mem. Amer. Math. Soc. 51 (1984), no. 309,

71 pp.

4. G. M. Kelly, Basic Concepts of Enriched Category Theory. London Mathematical Society Lecture Note Series, 64.
Cambridge University Press, Cambridge-New York, 1982.

5. S. Mac Lane, Categories for the Working Mathematician. Second edition. Graduate Texts in Mathematics, 5.

Springer-Verlag, New York, 1998.
6. B. Mesablishvili, Entwining structures in monoidal categories. J. Algebra 319 (2008), no. 6, 2496–2517.

7. B. Mesablishvili, R. Wisbauer, Galois functors and entwining structures. J. Algebra 324 (2010), no. 3, 464–506.

8. B. Mesablishvili, R. Wisbauer, Notes on bimonads and Hopf monads. Theory Appl. Categ. 26 (2012), no. 10, 281–303.
9. B. Mesablishvili, R. Wisbauer, Galois functors and generalised Hopf modules. J. Homotopy Relat. Struct. 9 (2014),

no. 1, 199–222.

(Received 17.02.2025)

A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University, 2 Merab Aleksidze II

Lane, Tbilisi 0193, Georgia

Department of Mathematics, Faculty of Exact and Natural Sciences of I. Javakhishvili Tbilisi State

University, Tbilisi, Georgia
Email address: bachuki.mesablishvili@tsu.ge


