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SOME STABILITY PROPERTIES OF EPIMORPHISM CLASSES

DALI ZANGURASHVILI

ABSTRACT. It is proved that in any pointed category with pullbacks, coequalizers
and regular epi-mono factorizations, the class of regular epimorphisms is stable under
pullback along the so-called balanced effective descent morphisms. Here “balanced”
can be omitted if the category is additive. A balanced effective descent morphism is
defined as an effective descent morphism p : E — B such that any subobject of F is a
pullback of some morphism along p. It is shown that, in any category with pullbacks
and coequalizers, the class of effective descent morphisms is stable under pushout if and
only if any regular epimorphism is an effective descent morphism. Moreover, it is shown
that the class of descent morphisms is stable under pushout if and only if the class of
regular epimorphisms is stable under pullback.

1. Introduction

Throughout the paper the ground category is assumed to have pullbacks and coequalizers.

The main issue considered in this paper consists in finding a possibly large class of
morphisms along which the pullback preserves regular epimorphisms. If the category is
regular, then obviously all morphisms are of this kind. We focus our consideration on the
condition

(*) the class of regular epimorphisms is stable under pullback along effective descent
morphisms,

which appeared in the joint paper [15] of the early 1990’s by Sobral and Tholen in con-
nection with the problem whether the class of effective descent morphisms is closed under
composition (not known yet to be the fact at that time). Namely, they showed that un-
der condition (*), the closedness of this class under composition is a quick consequence
of the sufficient condition for the composition of monadic functors to be monadic given
by Pfender in [11]. Later, in [12] Sobral, Tholen and Reiterman showed that condition
(*) holds not always (namely, it fails for the category of topological spaces). However, in
the same paper they proved the invariance theorem for descent data, which implies that
the class of effective descent morphisms is always closed under composition, regardless

Financial support from Volkswagen Foundation (Ref.: 85 989) and Shota Rustaveli National Science
Foundation (Ref.: ST09 730 3-105) is gratefully acknowledged

Received by the editors 2013-04-12 and, in revised form, 2014-01-12.

Transmitted by Walter Tholen. Published on 2014-01-19.

2010 Mathematics Subject Classification: 18A20, 18A32, 18A30, 18C20.

Key words and phrases: (effective) descent morphism, balanced morphism, factorization system,
stability under pullback/pushout.

(© Dali Zangurashvili, 2014. Permission to copy for private use granted.

1



2 DALI ZANGURASHVILI

whether (*) is satisfied. Thereafter the question when condition (*) is valid was not in-
vestigated, to the best of our knowledge. We study this issue in this paper and, moreover,
answer the question by what kind of effective descent morphisms we must replace all ef-
fective descent morphisms in condition (*) so that the resulting condition be valid under
some natural restrictions on the category.

We show that if a category has regular epi-mono factorizations and is pointed (and
hence have kernels), then

(**) the class of regular epimorphisms is stable under pullback along balanced effective
descent morphisms.

A balanced morphism is defined here as a morphism p : £ — B such that, for any
subobject v : C' ~— FE of E that contains the kernel of p, there exists a morphism ¢ :
E x5 C — C such that the composition v¢ is equal to the first projection m; in the
pullback

ExpC=2sC
I

T E

g

E—2 B

If p is an effective descent morphism, then the latter condition is equivalent to the following
one: any subobject C' — E of E that contains the kernel of p is the pullback of some
morphism along p. The prototype of a balanced morphism is a homomorphism of groups
— if a subgroup contains the kernel of p, then it either contains a coset wholly or does
not intersect it, and therefore the subgroup is the inverse image of some subgroup of B.
As different from the category of groups, only very few effective descent morphisms are
balanced in the category of pointed sets.

Further, it is proved that all morphisms are balanced in any additive category. This
implies that condition (*) is always satisfied in such a category if it has regular epi-mono
factorizations.

We derive the above result on the validity of condition (**) from a more general state-
ment given in this paper, which provides yet another stability property for the class IE
in any factorization system (IE,IM) with M C Mono. Namely, it asserts that the class
[E is stable under pullback along IM-balanced M-reflecting effective descent morphisms.
An M-balanced morphism is defined similarly to a balanced morphism (replacing “sub-
object” by “M-subobject” in the definition), while an IM-reflecting morphism is defined
as a morphism such that the pullback along it reflects M-morphisms. For instance, any
normal epimorphism is NormMono-balanced. Moreover, every effective descent mor-
phism is Mono-reflecting; here NormMono (resp. Mono) denotes the class of all normal
monomorphisms (resp. all monomorphisms). Applying these facts and the above general
result to the factorization system (Epi, NormMono) in the relevant situations, we obtain
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the sufficient conditions for the class of epimorphisms to be stable under pullback along
normal effective descent morphisms.

One more issue considered in the paper is whether the class of effective descent mor-
phisms and the class of descent morphisms are stable under pushout. Some other stability
properties of these classes are well-known: they are stable under pullback [14], [15], have
the right cancellation property [12], and, as has already been mentioned here, are closed
under composition [12]. We show that the class of effective descent morphisms is stable
under pushout if and only if every regular epimorphism is an effective descent morphism.
Moreover, the class of descent morphisms is stable under pushout if and only if the cate-
gory is regular. Under the above-mentioned requirements on a category to have pullbacks
and coequalizers, we call a category regular if the class of regular epimorphisms is stable
under pullback.

2. Preliminaries

We begin with the needed definitions (see, for example, the paper [8] by Janelidze and
Tholen). Throughout the paper C denotes, unless specified otherwise, an arbitrary cat-
egory with pullbacks and coequalizers. Moreover, IM denotes a morphism class which is
closed under composition with isomorphisms and stable under pullback.

Let p : E — B be amorphism in C, and let Desy(p) be the category of M-descent data
with respect to p [8]. Recall that such data is defined as a triple (C,~, &) with C' € Ob C,
where v and £ are morphisms C' — E and E xg C' — ', respectively, such that v € M,
and the following equalities are valid (see the diagrams (2.4) and (2.5) below):

f}/g = T, (21)
£(v,1¢) = 1¢, (2.2)
§(1p xpm) =&(1p xBE), (2.3)
C
lc
\p,lc)
ExgC—° C

Y

& 2
—~
o
N
N—

T

-
i
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A morphism (C,v,&) — (C',7, &) in Despm(p) is defined as a C-morphism h : C' — '
such that v'h =~ and {'(1g xg h) = hé.
We have the comparison functor

& : M/B — Desy(p),

where M/ B is the full subcategory of the slice-category C/B with objects being mor-
phisms from M. The functor ®” sends f : D — B to the descent data

(E XB D77T17 1E XB 7"-;)7

where 7] and 7, are the pullbacks of f and p, resp. along each other.

p is called an IM-descent (resp. effective M-descent) morphism if ®? is full and faithful
(resp. the equivalence of categories). If M is the class of all morphisms, then we omit the
prefix IM.

If M is closed under composition with p from the left ( e € M = pe € M), then the
change-of-base functor

p*:M/B—M/E (2.6)

(pulling back along the morphism p) has the left adjoint (composing with p on the left).
It is proved in [8] that then the Eilenberg-Moore category of the monad induced by the
adjunction

pp* (2.7)

is equivalent to the category Desny(p). This implies that then p is an M-descent (resp. an
effective M-descent) morphism if and only if the change-of-base functor p* is premonadic
(resp. monadic).

2.1. THEOREM. [7], [8] Let M be closed under composition with a morphism p from the
left. p is an M-descent morphism if and only if it is an M-universal reqular epimor-
phism, i.e., a morphism such that any of its pullbacks along any IM-morphism is a reqular
epimorphism.
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A special case of interest is the one, where there exists a morphism class IE, such
that the pair (E,M) is a factorization system in the usual sense of Freyd and Kelly
[5]. Recall that this means that both classes I and IM are closed under composition with
isomorphisms, every morphism admits an (IE, M)-factorization (i.e., there exist morphisms
e € E and m € M with f = me), and any e € IE is orthogonal to any m € M (i.e., for any
commutative square e = ma there exists a unique morphism 0 with a = de and § = mJd).
Recall also the well-known stability properties of the classes [E and M in a factorization
system (IE,IM): both are closed under composition, the class IE (resp. IM) is stable under
pushout (resp. pullback), and is right cancellable (ee’, ¢’ € E = e € E), while the class M
is left cancellable. Moreover, it is well known that the class E (resp. IM) coincides with the
class M' (resp. IE* ) of morphisms orthogonal (resp. co-orthogonal) to all M-morphisms
(resp. E-morphisms). This in particular implies that if M C Mono, then all regular
epimorphisms are contained in IE. Moreover, the condition IM C Mono is equivalent to
the strong version of the right cancellation property for the class E (e« € E = e € E)
[1].

Let us recall some facts from [8]. Let (IE,IM) be a factorization system. Then the
change-of-base functor (2.6) has a left adjoint. It sends a morphism f to the M-morphism
in the (I, M)-factorization of the composition pf. However, in general, the category
Desp(p) is not equivalent to the Eilenberg-Moore category of the monad induced by the
corresponding adjunction. But if IE is stable under pullback, then this is the case. One
has the following

2.2. PROPOSITION. [8] Let (E,M) be a factorization system with M C Mono. Then the
following conditions are equivalent:

(i) p* is premonadic;

(ii) p* is monadic;

(1i) p is an M-universal B-morphism.
Proposition 2.2 implies

2.3. THEOREM. [8] Let (IE,M) be a factorization system with M C Mono, and let E be
stable under pullback. Then every M-descent morphism is effective, and the class of such
morphisms coincides with E.

3. Balanced morphisms
Let M C Mono.

3.1. LEMMA. Let p: E — B be any morphism, and v : C'— E be an M-morphism. The
conditions (i)-(iii) below are equivalent and implied by the condition (iv):

(i) there exist a morphism & such that (C,~,§) is M-descent data with respect to p;
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(ii) there exist a morphism & such that v = my;

(7ii) the morphism v X g 1¢ is an isomorphism;

CxpC 2l p v, 02

|

! s E

|

c—2Y .p-* .pB

(iv) there exist morphisms 6 € M and p' such that the square

c-". 4
o
E-'.B

1s a pullback.

If p is an effective M-descent morphism, then the conditions (i)-(iv) are equivalent.
If (E = M", M) is a factorization system, I is stable under pullback, and p is any
morphism from B, then the conditions (i)-(iv) are also equivalent to the condition

(v) the square

_e 4

Q

Y m

. B

-

¥

is a pullback, where me is the (E,M)-factorization of the composition pry.

If C is a pointed category (and hence have kernels), then any of the conditions (i)-(iv)
implies

(vi) there exists a morphism k : Kerp — C with vk = i, where i is the embedding
Kerp — E.

PROOF. The equivalence (i) < (ii) and the implication (i) = (iv) (when p is an effective
descent morphism) are obvious.

(ii) = (ili): One can verify that the morphism (£, 7o) is the inverse for v x g 1¢.

(iii) = (ii): The morphism 7} (y x5 1¢)~! is obviously the sought-morphism.
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(iv) = (ii): We can take the canonical morphism ¢ in the diagram

]
N

B

EXBO

s
NG

(i) = (vi): The morphism x = &(4,0) is obviously the sought-morphism (see the
diagram below)

Kerp

0
(1,0)

EXBO < C

lv

™ E
l”

E b B

The equivalence (i) < (v) immediately follows from Theorem 2.3.
"

In the remainder of this section and Sections 4,5 we impose on C the additional
requirement to be a pointed category.

If, for any v € M, the condition (vi) is equivalent to (i)-(iii), then p is called M-
balanced. If p is Mono-balanced, we say that it is balanced.

3.2. EXAMPLE. Let M contain isomorphisms and all morphisms with the zero domain.
Let p : E — B be a morphism such that, for any IM-subobject C' of E that contains Ker p,
C coincides with either Kerp or E. Then it is obvious that p is IM-balanced.

3.3. EXAMPLE. Any morphism in a semi-abelian variety is balanced. Recall that a variety
of universal algebras is called semi-abelian if it contains a unique constant 0, and there

exist an n-ary term 6 and binary terms aq, o, ..., a,_1 such that the identities
O(ai(a,c),as(a,c),...,an_1(a,c),c) = a, (3.1)
a;(a,a) =0, (3.2)

for any 1, are satisfied [2]. Assume that C' contains Ker p, and that (a,c) € E x5 C for
some a € F and ¢ € C. Then, p(a) = p(c), and from (3.2) we obtain that p(w;(a,c)) =
a;(p(a),p(c)) = 0. Hence a;(a,c) € C for any i. The identity (3.1) implies that a € C.
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3.4. EXAMPLE. Let (E,IM) be a factorization system. Any IM-universal split monomor-
phism is IM-balanced. Indeed, let n be such a monomorphism, let v € IM, and let me be
the (IE, M)-factorization of ny. Consider the canonical morphism A in the commutative

diagram
C
\\

o7 PéA

e
F-"-B
where the inner square is a pullback. Since n’ is a split monomorphism, h € IE, as follows

from Proposition 14.9 of [1]. But h € M. Hence h is an isomorphism. Therefore the outer
quadrangle is a pullback.

3.5. EXAMPLE. Every normal epimorphism is NormM ono-balanced. To prove this fact,
consider a normal monomorphism v : C' — E. Let vk = ¢ for some morphism x : Kerp —
C, and let 7 : E — Coker v be the cokernel of . Obviously, 7 = 0, and since p is normal,
we have a morphism « : B — Coker v with ap = .

EXBO e C

~_|

Coker

This implies that 7m; = apyme = wyme = 0. Since v is a normal monomorphism, it is
the kernel of w. Therefore we have £ : E xp C' — C such that v¢ = m;. Hence p is
NormM ono-balanced.

Note that the converse statement is not valid, as follows from Example 3.3.

4. Factorization systems and certain effective descent morphisms

We say that a morphism p is M-reflecting if for any pullback
Jo ey ;Y
Lg, lg (4.1)
E—-B

with ¢’ € M, we have g € M.
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4.1. EXAMPLE. Any effective descent morphism p is Mono-reflecting. This follows from
the fact that, for such p, the change-of-base functor p* preserves pullbacks and reflects
isomorphisms. Hence p* reflects monomorphisms.

4.2. EXAMPLE. Let C be an ideal-determined category in the sense of Janelidze, Marki,
Tholen, and Ursini [6]. Recall that this means that C is pointed finitely complete and
finitely cocomplete and the following conditions are satisfied:

(A) C is a regular category, where all regular epimorphisms are normal;

(B) for any commutative diagram (4.1) with normal epimorphisms p and p/, and mono-
morphisms ¢ and ¢/, if ¢’ is normal, then ¢ is also normal.

Any semi-abelian category in the sense of [2] is ideal-determined [6].
Since the class of effective descent morphisms is stable under pullback, the conditions
(A) and (B) obviously imply that one:

or any commutative diagram (4.1) with an effective descent morphism p and a
C) f y tative diag 4.1) with ffective d t hi d
normal monomorphism ¢’, the morphism ¢ is also a normal monomorphism.

Therefore any effective descent morphism (and also any descent morphism) is
NormM ono-reflecting in any ideal-determined category.

The next lemma is obvious.

4.3. LEMMA. Any M-reflecting effective descent morphism is an effective M-descent mor-
phism.

We arrive at

4.4. PROPOSITION. Let (E,IM) be a factorization system on C with M C Mono. Then
the class IE is stable under pullback along M-balanced M-reflecting effective descent mor-
phisms. If M = Mono, then “‘M-reflecting” can be omitted.

PROOF. Let me’ be the (IE, M)-factorization of the pullback r of an E-morphism e along
an M-balanced M-reflecting effective descent morphism p. Since pi = 0 = €0, there exists
a morphism § such that ¢ = r§ = m(e’d). Lemma 4.3 implies that p is an M-balanced
effective IM-descent morphism. From Lemma 3.1 it follows that there exists a morphism
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n € M such that its pullback along p is m.

Kerp

B’ = B

Obviously p' is a regular epimorphism, and hence lies in E. But np”e¢’ = ep/, and therefore
n also lies in IE. This implies that n is an isomorphism. Then m is an isomorphism as
well, and hence r € IE. [

Proposition 4.4 and Example 4.1 immediately imply

4.5. THEOREM. Let every morphism of a pointed category C with pullbacks and coequal-
izers have a regular epi-mono factorization. Then the class of reqular epimorphisms is
stable under pullback along balanced effective descent morphisms.

4.6. REMARK. In general, the class of regular epimorphisms is not stable under pullback
along effective descent morphisms, even if there are regular epi-mono factorizations in a
given category, as is pointed out by Reiterman, Sobral and Tholen in [12]. The counterex-
ample constructed in that paper deals with the category of topological spaces. It implies
that “balanced” can not be omitted in Theorem 4.5. Indeed, consider the category Top.
of pointed topological spaces, and the forgetful functor F' : Top, — Top. It obviously
reflects isomorphisms, and, moreover, preserves and reflects both pullbacks and coequal-
izers. According to a result of the paper [10] by Mesablishvili, F' reflects effective descent
morphisms. Moreover, it reflects regular epimorphisms too. This easily implies that reg-
ular epimorphisms are not stable under pullback along effective descent morphisms in the
category Top, either.

From Theorem 4.5, Example 3.5, and the fact that a category C has coequalizers, we
obtain

4.7. COROLLARY. Under the conditions of Theorem 4.5, let any monomorphism be nor-
mal, and any effective descent morphism be a normal epimorphism in C. Then the class
of reqular epimorphisms is stable under pullback along effective descent morphisms. More-
over, if p is an effective descent morphism, then the change-of-base functor p* preserves
reqular epimorphisms.

Proposition 4.4 and Example 3.5 imply
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4.8. COROLLARY. Let C satisfy the condition (C), and let the pair (Epi, NormMono)
be a factorization system on C. Then the class of epimorphisms is stable under pullback
along normal effective descent morphisms.

4.9. COROLLARY. Let C be an ideal-determined category, and let (Epi, NormMono) be a
factorization system on C. Then the class of epimorphisms is stable under pullback along
effective descent morphisms. If, in addition, C is Barr exact (a semi-abelian variety, for
instance), then “effective descent morphisms” can be replaced by “normal epimorphisms”.

5. The case of an additive category

Below we will deal with several pullbacks/products simultaneously. For simplicity, let
us agree to use one and the same notation my, ms,..., m, for projections in all pull-
backs/products.

Let M C Mono, and let p : £ — B be a morphism in a pointed category C. Let
there exist a natural number n such that, for any M-subobject (C,~) of E and any i
(1 <i<n—1), there are morphisms 6, : C' x C x ... x C = C and o5 : C x C = C,
for which the following conditions are satisfied:

(i) the morphism 0, (@ ), X2); -, Qn—1,), T2) : C x C" = C coincides with the first
projection 7y;

(ii) the squares

and
CxCXLEXE

la(iw) la(i,lE)

c—' - F

are commutative for all i;

(iii) the morphism p(c,1,))(m1,m2) : E Xp E — B coincides with the zero morphism for
all 1.

Observe that the condition (iii) is satisfied if there are morphisms o, gy, @25, -
Qm-1,B) : B x B — B such that p preserves all a;, and, moreover, a(; g)(1s,15) = 0 for
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any ¢. This follows from the commutativity of the following diagram

ExpE B

(m1,m2) (1p,1p)

ExE-Z. Bx B

O‘(i»lE)l laU,B)

E—" .pB

5.1. LEMMA. The morphism p is M-balanced.

PROOF. Let v : C — FE lie in M. Assume that there exists k : Kerp — C with ky = i.
Consider the diagram

1gXxBY
ExpC ExpFE ExFE
(kh1,kh2,...;,khn—1,1¢) (a(1,1E),04(2,1E)7-~~7C¥(n—1,1E),7T2)
YXYX ... Xy
Cxp(Cxp..xgC Cx(Cx.xC——=FExFEx..xFE
B 6 01y
Y
C E
i
K p
Kerp B

where h; is the canonical morphism induced by the one o1, (7, m2)(1g xp 7) for any
1. It is easy to verify that the upper rectangle is commutative. This, together with the
conditions (i) and (ii), implies that for the morphism

€ =0,(m,m2,....mp)(kh1, Kha, ..., Khy_1, 1¢)

we have

vE =0, (m1, T2, ..., ™) (KR, Kh, ..., Khy_1, 10)
= 91E(”y Xy X..X ’7)(7’(’1,71'2,...,’/Tn)(/ﬁ)hl,lﬁhg,...,/ﬁ)hnfl,lc)

= 91E(OZ(1,1E)7 A215)) -+ X(n—1,1g), 7T2)(7T1,7TQ)(1E77) = 7.
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Let C be an additive category. Then, as is well-known, any object C' of C can be
equipped with the structure of an internal abelian group (the codiagonal V¢ : C [ C ~
C x C — C gives the sought-for internal binary operation +¢ on C). At that, any
morphism becomes a homomorphism of such groups. Hence, for n =2, 0, = +¢, ag ) =
—¢, the conditions (i)-(iii) are satisfied. Therefore, from Lemma 5.1 we obtain

5.2. LEMMA. Any morphism is balanced in an additive category.

5.3. REMARK. The conditions (i)-(iii) are, in fact, satisfied if the objects E, B and
all subobjects of E are equipped with the structure of an internal %-algebra (for the
relevant definitions we refer the reader to [4]), while the morphism p and the corresponding
embeddings are homomorphisms with respect to these structures, for any finitely complete
category C and any semi-abelian variety 9/ of universal algebras. However, apart from
the case considered above, no other facts are known, as far as we know, concerning a
possibility of introducing such structures on any object of C.

From Theorem 4.5 and Lemma 5.2 we obtain

5.4. THEOREM. The class of reqular epimorphisms is stable under pullback along effective
descent morphisms in any additive category with reqular epi-mono factorizations.

5.5. REMARK. The question naturally arises whether there exists a non-regular additive
category with regular epi-mono factorizations. According to the paper [13] by Rump, the
answer to this question is positive.

6. Are (effective) descent morphisms stable under pushout?

From the trivial fact that any regular epimorphism is the coequalizer of its kernel pair,
we immediately obtain

6.1. LEMMA. FEvery reqular epimorphism is a pushout of a split epimorphism along a split
epimorphism.

Let EffDes (Des resp.) denote the class of effective descent morphisms (descent mor-
phisms resp.).
6.2. THEOREM. The following conditions are equivalent:

(i) every regular epimorphism is an effective descent morphism;
(ii) the pair of morphism classes (EffDes, Mono) is a factorization system;
(iii) the pair of morphism classes (EffDes, (EffDes)¥) is a factorization system;

(iv) the class of effective descent morphisms is stable under pushout.

PROOF. For (i) = (ii) it is sufficient to observe that Theorem 2.1 implies that the category
is regular, and hence it has regular epi-mono factorizations. The implication (iv) = (i)
follows from Lemma 6.1 and the fact that every split epimorphism is an effective descent
morphism [7], [9]. All other implications are obvious. "
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Incidentally, Lemma 6.1 immediately implies

6.3. PROPOSITION. The following conditions are equivalent:
(i) every split epimorphism is an isomorphism;
(ii) every effective descent morphism is an isomorphism;
(11i) every descent morphism is an isomorphism;
(1v) every reqular epimorphism is an isomorphism;
(v) every split monomorphism is an isomorphism.

If C has pushouts and equalizers, then these conditions are equivalent also to the
following ones:

(vi) every effective codescent morphism is an isomorphism;
(vii) every codescent morphism is an isomorphism;
(viti) every regular monomorphism is an isomorphism.

6.4. EXAMPLE. As is known, every morphism in the category of fields is a monomorphism.
From Proposition 6.3 we conclude that there are no non-isomorphic effective codescent
morphisms in any subcategory with pushouts and equalizers of the category of fields.

Similarly, all effective descent morphisms of a A-semilattice (considered as a category)
are isomorphisms.

Let us now recall some notions from the paper [3] by Carboni, Janelidze, Kelly, and
Paré. Let (E,IM) be a factorization system on C. Let E’ be the class of universal IE-
morphisms, i.e., morphisms e from IE whose any pullback lies in IE. The class [E’ is called
the stabilization of IE. Let IM* be the class of morphisms m which lie in M locally, i.e.,
are such that there exist effective descent morphisms along which the pullbacks of m lie
in M. The class M* is called the localization of M. If any effective descent morphism is
M-reflecting, then obviously IM* = M. In particular, from Example 4.1 we obtain that
Mono* = Mono.

6.5. REMARK. As proved in [3], if C is finitely complete, one has

E c (M*)" (6.1)
However, it is by no means true that &' = (M*)", even in the case where ((IM*)", IM*) is
a factorization system, as is shown in [3].

6.6. REMARK. The equality E' = IE implies the one M* = M (while the converse is
obviously not valid). Indeed, since M C M*, we have (M*)" C (M)" = E. From (6.1) we
obtain (M*)" = [E. Hence M* C (M*)™ = E+ = M. Thus M* = M.
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6.7. THEOREM. (3| Let C be finitely complete. The pair (E',IM*) is a factorization system
if and only if for any morphism f there is an effective descent morphism p such that the
E-morphism in the (IE, M)-factorization of the pullback of f along p lies in T'.

Note that if [E is the class of regular epimorphisms, then E’ is precisely the class of
descent morphisms. We obtain

6.8. THEOREM. The following conditions are equivalent:
(i) C is a regular category;
(i) the pair (Des, Mono) is a factorization system on C;
(iii) the pair (Des, (Des)¥) is a factorization system on C;
(iv) the class of descent morphisms is stable under pushout.

If C is finitely complete, then these conditions are equivalent also to the following
condition:

(v) every morphism has a reqular epi-mono factorization, and moreover, for any mor-
phism f there is an effective descent morphism p such that the reqular epimorphism
in the reqular epi-mono factorization of the pullback of f along p is a descent mor-
phism.

PRrROOF. The implication (iv) = (i) follows from Lemma 6.1, while the implication (v) =
(iii) follows from Theorem 6.7. All other implications are obvious. n
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