SEMI-TOPOLOGIZATION IN MOTIVIC HOMOTOPY THEORY AND
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ABSTRACT. In this paper, we study semi-topological cohomology theories such as semi-
topological K-theory and morphic cohomology from the perspective of the motivic
homotopy theory. Using some motivic descent theorems for Morel’s A-B.G. motivic
spectra, we construct a triangulated endo-functor on the stable motivic homotopy
category SH(C), which we call homotopy semi-topologization.

Using this functor we show that the semi-topological K-theory of Friedlander-Walker
and the morphic cohomology of Friedlander-Lawson are representable in SH(C). The
homotopy semi-topologization functor allows us to define a semi-topological analogue
of the algebraic cobordism of Voevodsky. We show that there is a Hopkins-Morel type
spectral sequence, which relates the morphic cohomology with the semi-topological
cobordism, and this spectral sequence degenerates with the rational coefficients. We
also show that the Voevodsky algebraic cobordism coincides with the semi-topological
cobordism with finite coefficients.

1. INTRODUCTION

The motivic homotopy theory of algebraic varieties was pioneered by Morel and Vo-
evodsky in [33]. In this theory, smooth schemes over a fixed noetherian base scheme S
are treated as representable simplicial presheaves on the category of smooth schemes over
S. Using suitable closed model structures on these simplicial presheaves, one defines the
unstable and the stable motivic homotopy categories over S. These homotopy categories
are analogous to the unstable and stable homotopy categories of topological spaces. The
motivic homotopy theory has had some outstanding applications, notably, in the proofs
of the Milnor conjecture and the Bloch-Kato conjecture.

The goal of this paper is to study some cohomology theories such as semi-topological
K-theory and morphic cohomology from the perspective of the motivic homotopy theory.
The semi-topological K-theory of algebraic varieties was introduced by Friedlander and
Walker [10]. This theory interpolates between the algebraic and the topological K-
theories of complex algebraic varieties. The morphic cohomology was introduced by
Friedlander and Lawson [5], and it interpolates between the motivic and the singular
cohomology theories of complex algebraic varieties.

It is known that the algebraic K-theory and the motivic cohomology of algebraic
varieties are representable in the stable motivic homotopy category over S. We show in
this paper that the semi-topological K-theory and the morphic cohomology of complex
algebraic varieties are also representable in the stable motivic homotopy category.

In order to prove these results, we use the idea of Friedlander and Walker [9] of
defining the semi-topological K-theory as a certain kind of semi-topologization of the
algebraic K-theory spectrum. It turns out that this semi-topologization can be defined
as a functor on the categories of presheaves on smooth schemes over C of simplicial
sets and spectra. Our first main result in this paper is that the semi-topologization of
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the presheaves induces a derived endo-functor on the stable motivic homotopy category
SH(C), which is compatible with the triangulated structure on SH(C).

In the process, we run into several technical issues. This is mainly because the semi-
topologization functor as is does not respect motivic weak-equivalences of the presheaves.
So, we need to take a detour.

The key fact is that the semi-topologization process gets along well with object-wise
weak-equivalences between presheaves of spectra via the recognition principle of Fried-
lander and Walker [12]. Our basic motivic descent theorem (Theorem 3.1.5) shows
that among “A'-B.G.” presheaves, all motivic weak-equivalences are object-wise weak-
equivalences. This class of A-B.G. presheaves was introduced by Morel [35, Definition
A.5]. See Definition 3.1.1. The motivic descent theorem is the motivic analogue of the
Nisnevich descent theorem of Morel and Voevodsky [33] for B.G. simplicial sheaves.

We extend the above motivic descent theorem to (s, p)-bispectra in Theorem 3.4.3.
These (s, p)-bispectra can be seen as T-spectrum objects in the category of presheaves
of spectra, where T is the pointed motivic space (P!, o0). After proving some more in-
termediate results, we achieve our goal of constructing the homotopy semi-topologization
triangulated endo-functor on SH(C). We establish several properties of homotopy semi-
topologization, and we prove the representability of the semi-topological K-theory and
the morphic cohomology in SH(C).

Using the homotopy semi-topologization, we define a semi-topological analogue of the
algebraic cobordism theory of Voevodsky [47], and then construct the semi-topological
analogue of the spectral sequence of Hopkins and Morel. This spectral sequence relates
the morphic cohomology of a smooth scheme over C to its semi-topological cobordism.
We also show that the semi-topological cobordism coincides with the algebraic cobordism
with finite coefficients.

Summary of results: The following is a summary of our main results. The full state-
ments of these results and the underlying notations and definitions can be found in the
main body of the text.

Theorem 1.0.1 (Motivic descent theorems). A motivic weak-equivalence E — F of
A'-B.G. presheaves of simplicial sets (pointed simplicial sets, spectra) on Smg is an
object-wise weak-equivalence.

A stable motivic weak-equivalence E — F between Al-B.G. motivic Qp-bispectra (see
Definition 3.4.2) on Smg is a T-level-wise object-wise weak-equivalence, i.e., each f :
E, — F, is an object-wise weak-equivalence of presheaves of spectra on Smg.

Theorem 1.0.2 (Homotopy semi-topologization). There exists a triangulated endo-
functor host : SH(C) — SH(C), which coincides with the Friedlander-Walker semi-

topologization functor on A'-B.G. motivic Qp-bispectra.

Theorem 1.0.3 (Representability and spectral sequence). The semi-topological K -theory
and the morphic cohomology are representable in SH(C).

There is a semi-topological cobordism MGLggt as a cohomology theory on Smc, with
a natural transformation MGL — MGLggy that becomes an isomorphism with finite
coefficients. For any X € Sm¢ and n > 0, there is a spectral sequence

EY9(n) = L”_qu_q(X)%]Lq = MGLELY™(X),

and this spectral sequence degenerates after tensoring with Q.

It turns out that many of the expected properties (some of which are known for
the semi-topological K-theory) such as Nisnevich Mayer-Vietoris sequence, localization
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and strong homotopy invariance are immediate consequences of Theorem 1.0.3. See
Theorem 8.2.1.

Outline of the paper: Here is an outline of the structure of the paper. We recollect
notations, definitions and the constructions of various motivic homotopy categories in
§ 2. In § 3, we recall the notion of A'-B.G. presheaves of (pointed) simplicial sets and
spectra. Our main results in this section are the motivic descent theorems: Theorem 3.1.5
and Theorem 3.4.3. In § 4 and § 5, we recall the definition of the semi-topologization
functor. In § 6, we prove some technical results about the semi-topologization functor and
construct the homotopy semi-topologization as a triangulated endo-functor on SH(C). In
§ 7 and § 8, we prove the representability theorems for the semi-topological K-theory and
the morphic cohomology in SH(C). In § 9, we study the homotopy semi-topologization of
the motivic Thom spectrum MGL of Voevodsky, and prove the semi-topological analogue
of the Hopkins-Morel spectral sequence with some consequences.

Conventions and notations: When S is a noetherian scheme of finite Krull dimension,
an S-scheme is a separated scheme of finite type over S. We denote the category of S-
schemes by Schg. Its full subcategory of smooth schemes over S will be denoted by Smg.
When S = Spec (k) for a field k, we shall often write Schy, and Sm;y, for Schg and Smg,
respectively. A variety over k is a reduced k-scheme, not necessarily quasi-projective.
The category of k-varieties will be denoted by Vary.

We let Set be the category of sets, Spc be the category of simplicial sets and Spc,
be the category of pointed simplicial sets. We let Spt be the category of Bousfield-
Friedlander spectra [2], which is also recalled in Section 2.2. We shall denote the ho-
motopy categories of Spc, and Spt by HoSpc, and SH, respectively. The set of maps
K — L in Spc, will be denoted by Home (K, L). The set of homotopy classes of maps
K — L in Spc, or Spt will be denoted by 7(K, L), and the set of maps K — L in
HoSpc, or in SH will be denoted by [K, L].

The symbol A is used for the following cases, and we hope no confusion may arise.
First, A denotes the category whose objects are [n] := {0,--- ,n} for n > 0 and the
morphisms [m] — [n] are nondecreasing set functions. The notation A[n] denotes the
simplicial set Homget(—, [n]) given by the Yoneda embedding. The notation Afl,, denotes
the topological n-simplex {(to, -+ ,t,) € R"™|0 < ¢; <1, .¢; = 1}, while A denotes
the algebraic n-simplex Spec (k[to, - ,tn]/ >, ti = 1).

2. RECOLLECTION OF MOTIVIC HOMOTOPY THEORY

In this section, we recall basic definitions in motivic homotopy theory to fix the termi-
nologies. The original reference is [33] but we often adapt the presentations given in [19]
and [34]. Throughout the Sections 2 and 3, we let S denote a fixed noetherian scheme
of finite Krull dimension.

2.1. Motivic spaces. We regard an object of Spc as a space. An object of Spc, is
regarded as a pointed space.

A motivic space over S is a simplicial presheaf on Smg and a pointed motivic space
over S is a pointed simplicial presheaf on Smg. We let Spc(S) and Spc,(S) be the
categories of unpointed and pointed motivic spaces over S, respectively. A presheaf of
sets on Smg will be regarded as a motivic space over S of simplicial dimension zero.
Each X € Smyg is seen as a motivic space over S by Yoneda embedding, that we still
denote by X. By X, we mean the pointed motivic space X [[S. Each (pointed) space
K also defines a (pointed) motivic space over S as a constant presheaf on Smg.
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When U is a pointed motivic space over S, we have the suspension functor Xy :
Spc.(S) — Spc,(S) that sends E to EAU. For U = S, (G, {1}) and T = (P!, 00),
we write Xy as Xg, X, and X7, respectively.

Given E,F € Spc(S), we let Hom(E, F') denote the internal hom presheaf of sim-
plicial sets. For E, F' € Spc,(S), the pointed internal hom presheaf will be denoted by
Home(E, F'). The simplicial hom set from E to F' will be denoted by S(E, F'). There is
a bijection

(2.1.1) S(ENF,G)~S(E,Home(F,G)) for E,F,G € Spc,(S).

For a pointed motivic space F, we shall denote the functor Home(E, —) on Spc, by
Qp(—). For E = St (resp. (G, 1)), Qg(—) will be often written as Qg(—) (resp. 2(—)).

2.2. Sl-stable motivic homotopy category. Recall from [19, Theorem 1.1] that the
category Spc(S) of motivic spaces over S is a proper simplicial cellular closed model
category, where a map f : E — F' is a Nisnevich local weak-equivalence if the induced
maps on all Nisnevich stalks E, — F, are weak-equivalences of simplicial sets, while
cofibrations are monomorphisms, and Nisnevich fibrations are defined in terms of the
right lifting property with respect to all trivial cofibrations. One defines a similar model
structure on Spc, (S) by forgetting the base points. Their homotopy categories, obtained
by formally inverting the Nisnevich local weak-equivalences, are denoted by HV%(S) and
HY$(S). When E and F are pointed motivic spaces, we let [E, F]y;s denote the set
Homy,yis gy (E, F). See [19] and [33] for more details on these model structures.

We now recall the construction of S'-stable motivic homotopy category from [19] and
[34]. A spectrum, also called an S'-spectrum, is a sequence of pointed simplicial sets
(Eo, Ey, -+ -) with the structure morphisms S* A E,, 22 B of pointed simplicial sets.
The category of spectra is denoted by Spt, and the category of presheaves of spectra on
Smg is denoted by Spt(S). For simplicity, a presheaf of spectra on Smg will be called
a motivic spectrum (over S), or often a spectrum on Smg.

2.2.1. Nisnevich model structure on motivic spectra over S. Recall that a morphism
f : E — F of motivic spectra is an object-wise weak-equivalence if for each U € Smyg,
the map f(U) : E(U) — F(U) is a weak-equivalence of spectra (i.e., the induced maps
on the stable homotopy groups are isomorphisms).

A morphism f : E — F of motivic spectra is said to be a Nisnevich local weak-
equivalence if for each U € Smg and z € U, the induced map f, : £, — F, on
the Nisnevich stalks is a weak-equivalence of spectra. A map f : E — F of motivic
spectra is a cofibration if fp is a monomorphism and F, 1 Hsl/\En S'AF, = F,yis a
monomorphism of motivic spaces for each n > 0. This is equivalent to saying that the
maps E, — F,, and S' A (Fw/E,) — Fni1/FEn+1 are monomorphisms of motivic spaces
for each n > 0. A Nisnevich fibration between motivic spectra is a map with the right
lifting property with respect to all trivial cofibrations.

Observe that giving a cofibration £ — F' of motivic spectra is equal to giving cofibra-
tions E(U) — F(U) of spectra. A morphism F — F of motivic spectra is a Nisnevich
local weak-equivalence if and only if the induced map of Nisnevich sheaves associated to
the presheaves U — 7, (E(U)), U +— 7w, (F(U)), is an isomorphism for all n € Z.

Theorem 2.2.1. ([18, Theorem 2.34], [34, Lemma 2.3.6]) The above classes of Nisnevich
local weak-equivalences, cofibrations and Nisnevich fibrations define a proper simplicial
closed model structure on Spt(S). An object E is cofibrant if and only if the structure
maps oy : S' A E,, — E,.1 are monomorphisms and an object F is Nisnevich fibrant if
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and only if each F,, is a Nisnevich fibrant motivic space and the adjoint of the structure
maps oy, : B, — Q;En—i—l are Nisnevich local weak-equivalences.

It follows from Theorem 2.2.1 that for every E € Spc,(S), the motivic spectrum
YXFE = (BE,XLE,¥2E,.--) is cofibrant. The homotopy category of Spt(S) with re-
spect to the Nisnevich local injective model structure defined above will be denoted by
SHY#(S). For the motivic spectra E and F, the set HomSHglis(S) (E, F) will be denoted

by [E7 F]NZS

2.2.2. Motivic model structure on motivic spectra over S. The homotopy category of
Spc,(S) with respect to the motivic model structure (see [19]) will be denoted by He(.5),
and the set of all maps from E to F in H(S) will be denoted by [E, F|y1. Below we
recall from [34, § 4], the motivic model structure on Spt(S), which is similar to that on
Spc,(5).

A motivic spectrum Z is said to be Al-local if for any motivic spectrum E, the
projection map E A A}F — E induces an isomorphism of abelian groups [E, Z]n;s —
[EAAL Z]Nis. A morphism f: E — F of motivic spectra is called an S'-stable motivic
weak-equivalence if for each Al-local Z, the induced map f* : [F, Z]nis — [E, Z]nis is
an isomorphism. We often say that f is a motivic weak-equivalence of motivic spectra,
for simplicity.

The classes of motivic weak-equivalences, cofibrations (as defined in §2.2.1) and mo-
tivic fibrations given by the right lifting property with respect to all trivial cofibrations,
define a closed model structure on Spt(S), called the S'-stable motivic model structure.
This model structure is the left localization of the Nisnevich local injective model struc-
ture with respect to the class of maps E A AL — E for E € Spt(S). It follows from
[15, Proposition 3.4] and Theorem 2.2.1 that the motivic model structure on Spt(S) is
left proper and simplicial. In fact, it is proper. A motivic spectrum is motivic fibrant if
and only if it is Nisnevich fibrant and Al-local. The homotopy category of Spt(S) with
respect to the Sl-stable motivic model structure will be denoted by SHg1(S).

The S'-stable motivic model structure on Spt(S) is equivalent to the one obtained
by stabilizing the motivic model structure on Spc,(S) with respect to the simplicial
suspension X, as described in [19, Theorem 1.1]. It follows that a motivic spectrum
FE is motivic fibrant if and only if it is level-wise motivic fibrant in the motivic model
structure on Spc,(S) and each map E,, — QsF),4+1 is a motivic weak-equivalence.

It follows from [34, Proposition 3.1.1] that SHq1(S) is a triangulated category, where
the shift functor E +— E[1] is given by ;. The abelian group of all maps from E to F'
in SHg1(S) will be denoted by [E, Fa:1.

Note that we have a pair of adjoint functors £° : Spc,(S) <+ Spt(S) : Ev? given
by ¥®(E) = (E,XE,%2E,---) and Ev(F) = Fy. The functor ©%° clearly preserves
cofibrations. Moreover, as there are natural isomorphisms

(2.2.1) [XS°E[p], Flnis ~ (;L()>1£rzrol [Sm—ﬁ N E,| FylNis,

(S Elp]. Flas = colim [ A . Fylun,

for E € Spc,(S), F € Spt(S) and p € Z (c¢f. [47, Theorem 5.2]), the functor X%° also
preserves motivic weak-equivalences. In particular, the pair (X5°, Evg) forms a Quillen
pair of adjoint functors and one gets adjoint functors ¥° : He(S) <+ SHe1(S) : REVY.

2.3. Stable motivic homotopy category. The stable motivic homotopy category
SH(S) of motivic spaces over S was first constructed by Voevodsky in [47]. This category
can now be constructed from several different models. We give a brief review of two
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different constructions of SH(S). Recall that for F' € Spt(S) and E € Spc,(S), we let
Y g F denote the motivic spectrum (Fo AE, Fy AE,---). For E = S!, the spectrum g F
will be denoted by > F.

2.3.1. (s,p)-bispectra model. Recall from [26, § 8] that an (s, p)-bispectrum over S is a
collection £ = {Ey, n|m,n > 0} of pointed motivic spaces over S together with the
horizontal bonding maps ¥sFy, n — Emnt1,, and the vertical bonding maps X7 F,, , —
Epy g1 such that the horizontal and the vertical bonding maps commute. We regard it
as a sequence (Eg, E1, - --) of motivic spectra with the bonding maps € : X7 E, — Ep41,
where E, is the motivic spectrum Ei, 1= (Eon, E1,n,- ). We let Spt, ) (S) denote
the category of (s, p)-bispectra over S.
Given an (s, p)-bispectrum E and p, ¢ € Z, we define 7, ,(E) to be the presheaf

(2.3.1) U+ colim Homgy,, (5)(S 2SS0y, By).

A morphism f : E — F of (s,p)-bispectra over S is called a stable motivic weak-
equivalence if the induced morphism fi : mp4(E) — mpq(F) of presheaves is a stalk-
wise isomorphism of abelian groups on (Smg)y;s. We often drop the word stable for
simplicity, and call it just a motivic weak-equivalence of (s, p)-bispectra.

There is a closed model structure on Spt,,(S) (cf. [16, § 3], [26, § 8.2]), whose
weak-equivalences are the stable motivic weak-equivalences. This model structure on
Spt(s,p)(S) is called the stable motivic model structure, or simply the motivic model
structure. It follows from [16, Proposition 1.14] that this model structure is obtained as
a Bousfield localization of the level-wise model structure on Spt(, ;y(S) in which weak-
equivalences (fibrations) are T-level-wise S'-stable motivic weak-equivalences (motivic
fibrations) of motivic spectra, and E — F' is a cofibration if the maps Ey — Fj and

En+1 H 2TF‘n — Fn+1
SrEn

are cofibrations in the S'-stable motivic model structure on Spt(S) for all n > 0. The
stable motivic model structure on Spt(s’p)(S’) is proper and simplicial. It follows from
[16, Theorem 3.4] that an (s, p)-bispectrum FE is stable motivic fibrant if and only if each
E, is S'-stable motivic fibrant and the adjoint of the bonding maps € : E, — QrFE, 1
are S'-stable motivic weak-equivalences for all n > 0.

2.3.2. T-spectra model. A T-spectrum E over S is a collection (Fy, E1,---) of pointed
motivic spaces over S together with the bonding maps ¥7FE,, — E,+1. The category of
T-spectra over S is denoted by Spt(S). As in the case of (s, p)-bispectra, we define for
P, q € Z, the presheaf 7, ,(E) on Smg by

(Tp,(E))(U) = colim Homgy,, (s)(S0 25U, En).

There is a proper simplicial closed model structure on Spt;(S) in which £ — F'is a
weak-equivalence (called a stable motivic weak-equivalence of T-spectra) if the induced
map fi : mpq(E) — mp(F) is a stalk-wise isomorphism of abelian groups on (Smg)nis.
This model structure is obtained as a Bousfield localization of the model structure on
Sptr(S) in which weak-equivalences (fibrations) are level-wise motivic weak-equivalences
(motivic fibrations) of pointed motivic spaces.

Given a motivic spectrum FE, let QXFE = corlribm QI E,,. For a T-spectrum E, let

OFE = corlgm Q7 E,.
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A T-spectrum E = (Ey, E,---) defines an (s, p)-bispectrum & := (X°Ey, X°Ey, -+ )
by taking the term-wise simplicial infinite suspensions. Conversely, given an (s,p)-
bispectrum F = (Fp, F1,---), we obtain a T-spectrum F' = (Q5°Fy, Q°Fy,---). The
correspondence

S

induces an equivalence between the stable homotopy categories of T-spectra and (s, p)-
bispectra. We use the notation SH(.S) for the common homotopy category.

For any pointed motivic space X € Spc,(S), one associates the infinite T-suspension
spectrum of X, defined by XX := (X, Y7 X,¥2.X, ), with the identity bonding maps
TATMN"D A X — T A X. We can also extend the suspension operations Y7, Xg,
to Spt(, ) (S) and Spty(S) in the obvious way. The category SH(S) is a triangulated
category in which the shift functor E — E[1] is given by the functor ¥5. On this category,
the functors X, ¥, 3, are all auto-equivalences. For (s, p)-bispectra E and F', we shall
denote Homgyy(s)(E, F') by [E, Fly1.

There is a Quillen pair of adjoint functors X3 : Spt(S) «» Spt(,,)(S) : QF given
by X2(E) = (E,XrE,Y2E,---) and QF(F) = (QF Fy., QX F1 ., --). This yields an
adjoint pair of derived functors

(2.3.3) 7 : SHa1(S) «» SH(S) : ROF.
Given F' € Spt,)(5), one has ROF(F) = Q%O(ﬁ) — Fy, where F — F is a stable

motivic fibrant replacement of F' and Fy is the motivic spectrum given by (ﬁ)*,o =

((F)0,0 (F)1,05" )

2.3.3. Cohomology theories. Finally, given any E and F € SH(S), the E-cohomology
E*Y(F) of F for a,b € Z is defined by E®(F) := [F, 2%’ E],1, where X**E = ¥2-t%F.
In particular, if X € Smg, we have X7 X, € SH(S) so that we define

(2.34)  E"(X):= E"(E¥X,) = [EFX,, 0E]u = [EXEX,, 220 E),0.

3. MOTIVIC DESCENT FOR Al-B.G. PRESHEAVES

Recall that a (pre)sheaf of simplicial sets (pointed simplicial sets, spectra) E on Smg
is said to have the B.G. property (named after Brown and Gersten who first used this
concept for the Zariski topology) if every elementary (distinguished) Nisnevich square
(see [33, Definition 3.1.5]) in Smg

W — U

(3.0.5) l lp

v X
is converted into a homotopy Cartesian square of simplicial sets (pointed simplicial sets,
spectra) after applying E. A presheaf with the B.G. property is called a B.G. presheaf.
An important technical result in the A'-homotopy theory of Morel and Voevodsky is the
following Nisnevich descent theorem ([33, Proposition 3.1.16)):

Theorem 3.0.1. A (pre)sheaf of simplicial sets (pointed simplicial sets, spectra) E on
Smg is B.G. if and only if every Nisnevich fibrant replacement f : E — F is an object-
wise weak-equivalence. A Nisnevich local weak-equivalence E — F of B.G. (pre)sheaves
of simplicial sets (pointed simplicial sets, spectra) is an object-wise weak-equivalence.
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We remark that [33] proved this result for sheaves. The presheaf version and the
analogous result for the presheaves of spectra can be found in [19, Theorem 1.3, Corol-
lary 1.4]. This result is important because it gives a necessary and sufficient condition
for a Nisnevich fibrant replacement to be an object-wise weak-equivalence. It is a crucial
ingredient in many applications in motivic homotopy theory.

3.1. Motivic descent theorem. Recall from § 2.2.2 that a motivic fibrant replacement
E — F is a fibrant replacement of F in the motivic model structure. Our goal in
this section is to establish a necessary and sufficient condition for a motivic fibrant
replacement of a motivic space and a motivic spectrum to be an object-wise weak-
equivalence. We shall follow this up with several applications. It turns out that, as we will
show, for this purpose the following concept introduced by Morel ([35, Definition A.5])
is most appropriate.

Definition 3.1.1. Let E be a presheaf of simplicial sets (pointed simplicial sets, spectra)
on Smg. We say that
(1) Eis A'-weak-invariant if the map E(X) — E(X xA'), induced by the projection
X x A = X, is a weak-equivalence for all X € Smg.
(2) Eis A'-B.G. if it is B.G. and Al-weak-invariant.
(3) E is quasi-fibrant (resp. motivic quasi-fibrant) if every Nisnevich fibrant (resp.
motivic fibrant) replacement £ — F of E is an object-wise weak-equivalence.

Theorem 3.0.1 shows that E is B.G. if and only if F is quasi-fibrant. We wish to prove
its motivic analogue, which we will call the motivic descent theorem. We begin with the
following series of deductions.

Lemma 3.1.2. Let X € Smyg.
(1) If F € Spc,(S) is Nisnevich fibrant, then for p > 0, we have a bijection
[SP N X4, Flnis ~ mp(F(X)).
If F € Spt(S) is Nisnevich fibrant, then for p € Z, we have a bijection
(XX [p], Flvis ~ mp(F(X)).
(2) If F € Spc,(S) is motivic fibrant, then p > 0, we have a bijection
[Sp A\ X+, F]Al ~ Wp(F(X))
If F € Spt(S) is motivic fibrant, then for p € Z, we have a bijection
[(E° X4 [p], Fla ~ mp(F(X)).
Proof. For X € Smyg, the functors evx : Spc,(S) < Spc, : smx given by (evx : F' —
F(X)) and (smx : K — K A X;) form a Quillen pair with respect to the Nisnevich
local injective model structure and motivic model structure on Spc,(S). In particular,
their derived functors induce an adjoint pair of functors on the homotopy categories.
The first isomorphism of (1) follows immediately from this if F' € Spc,(.S) is Nisnevich
fibrant and the first isomorphism of (2) follows if F' € Spc,(.S) is motivic fibrant. The

second isomorphisms of (1) and (2) follow from the first set of isomorphisms by applying
Theorem 2.2.1 and (2.2.1). O

The following result follows immediately from Theorem 3.0.1 and [34, Lemma 4.1.4].

Lemma 3.1.3. Let E be a B.G. presheaf of simplicial sets (pointed simplicial sets,
spectra) on Smg.
(1) Let E — E' be a Nisnevich fibrant replacement. Then E is A'-weak-invariant if
and only if so is E'.
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(2) E is A'-weak-invariant if and only if E is A'-local.

Lemma 3.1.4. Let E be an A'-B.G. presheaf of simplicial sets (pointed simplicial sets,
spectra) on Smg. Let f : E — F be a motivic fibrant replacement. Then f is also a
Nisnevich fibrant replacement of E.

Proof. We consider the case of presheaves of spectra as the other cases are similar. Since
F is Nisnevich fibrant (¢f. § 2.2.2) and since the cofibrations in the motivic model
structure are Nisnevich cofibrations, we only have to show that f is a Nisnevich local
weak-equivalence.

We factor f as a composition E ENY il—) F', where g is a Nisnevich trivial cofibration
(in particular, motivic trivial cofibration) and f” is a Nisnevich fibration. It follows from
the 2-out-of-3 axiom that f’ is a motivic weak-equivalence. We need to show that f’ is
a Nisnevich local weak-equivalence.

Since F' is Nisnevich fibrant and f’ is a Nisnevich fibration, it follows that E’ is Nis-
nevich fibrant. In particular, g defines a Nisnevich fibrant replacement of £. Moreover,
it follows from our assumption and Lemma 3.1.3 that E’ is A'-local. We conclude that
E’ is motivic fibrant. It follows now from Lemma 3.1.2 that f’ : £/ — F' is in fact an
object-wise weak-equivalence. In particular, f is a Nisnevich local weak-equivalence. [J

Theorem 3.1.5 (Motivic descent theorem). Let E be a presheaf of simplicial sets
(pointed simplicial sets, spectra) on Smg. Then E is A'-B.G. if and only if it is motivic
quasi-fibrant. Furthermore, a motivic weak-equivalence E — F of A'-B.G. presheaves of
simplicial sets (pointed simplicial sets, spectra) is an object-wise weak-equivalence.

Proof. Suppose first that F is a presheaf of spectra which is motivic quasi-fibrant. Let
f : E — E' be a motivic fibrant replacement. Then E’ is Nisnevich fibrant (thus B.G.)
and Al-local. It follows from Lemma 3.1.3 that E’ is an A'-B.G. presheaf of spectra.
Since E is motivic quasi-fibrant, f : E — E’ is an object-wise weak-equivalence, thus a
Nisnevich local weak-equivalence. So, f is a Nisnevich fibrant replacement, which is an
object-wise weak-equivalence. So F is B.G. by Theorem 3.0.1, and it is A'-weak-invariant
by Lemma 3.1.3. We conclude that E is A-B.G.

Suppose next that F is an A'-B.G. presheaf of spectra. Let f : E — E’ be a motivic
fibrant replacement. It follows from Lemma 3.1.4 that f is also a Nisnevich fibrant
replacement. The assertion that f is an object-wise weak-equivalent follows now from
Theorem 3.0.1. Thus, F is motivic quasi-fibrant.

To prove the second assertion for a motivic weak-equivalence f : E — F of A-B.G.
presheaves, we can form a commutative diagram

(3.1.1) E-1,F

]

B —— F'

where the vertical arrows are motivic fibrant replacements. They are object-wise weak-
equivalences by the first part. It follows from the 2-out-of-3 axiom that f’ is a motivic
weak-equivalence. In this case, we have shown in the proof of Lemma 3.1.4 that f’ is an
object-wise weak-equivalence. We have just shown that the two vertical arrows are also
object-wise weak-equivalences. It follows that f is an object-wise weak-equivalences.
This proves the theorem for the presheaves of spectra. The cases of presheaves of
(pointed) simplicial sets are proven in a similar way. U
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3.2. Consequences of the motivic descent theorem. We now list some conse-
quences of Theorem 3.1.5 which will shall use several times in this paper.

Corollary 3.2.1. The isomorphisms in Lemma 3.1.2(1) hold for all B.G. pointed motivic
spaces (spectra). The isomorphisms in Lemma 3.1.2(2) hold for all A'-B.G. pointed
motivic spaces (spectra,).

Corollary 3.2.2. Let {E;} be a filtered family of A'-B.G. presheaves of simplicial sets
(pointed simplicial sets, spectra) on Smg indexed by a right filtering category A. Then
colimjep F; is motivic quasi-fibrant.

Proof. This follows directly form Theorem 3.1.5 and the fact that colim;ep E; is A-B.G.
by the proof of [34, Corollary 4.2.7]. O

Definition 3.2.3. For a motivic spectrum E = (Ep, E1,---) over S, let E{n} denote the
motivic spectrum (E,, Ep41,--+). Let m > —1. We say that E is an object-wise (resp.
motivic) Qs-spectrum above level m if the map o : E,, — QgFE, 41 is an object-wise (resp.
motivic) weak-equivalence for each n > m. An object-wise (resp. motivic) Qs-spectrum
above level m = —1 will be called an object-wise (resp. motivic) Qs-spectrum.

Corollary 3.2.4. Let E be an A'-B.G. motivic spectrum over S, and let f : E — F be
a motivic fibrant replacement. Then the following hold:
(1) For each m,n,p > 0, the map QI'F, — QFPE,,, is an object-wise weak-
equivalence.
(2) For each m,n > 0, the motivic spectrum QT F{n} is S'-stable motivic fibrant.
(3) For each n > m, the map E,, — F,, is an object-wise weak-equivalence if E is an
object-wise Qs-spectrum above level m.

Proof. Since a motivic spectrum is S'-stable motivic fibrant if and only if it is level-wise
motivic fibrant and a motivic s-spectrum, it follows that each F), is a motivic fibrant
pointed motivic space. Since S! is cofibrant, we see that each QT'F, is also motivic
fibrant and the map F,, — Q,F,11 is a motivic weak-equivalence. In particular, the map
RO E, — RO P F,,, is amotivic isomorphism. Since all presheaves Q7 F,, are motivic
fibrant, it follows that the map Q7' F,, — Qe F,4, is a motivic weak-equivalence for
all m,n,p > 0. It follows now from Lemma 3.1.2 that this map is in fact an object-wise
weak-equivalence. This proves (1).

Since we have just shown that each Q7' F;, is motivic fibrant and the map Q' F,,, —
QM HLF, 11 is a motivic weak-equivalence, it follows that Q7 F{n} is Sl-stable motivic
fibrant, proving (2).

For (3), we first apply Theorem 3.1.5 to deduce that f : E — F is an object-wise
stable weak-equivalence. For n > m,p > 0 and X € Smg, we get now a sequence of
isomorphisms
(3.2.1) Tp (En(X)) = %(iiorg Tp+q (Eniq(X)) = mpn (E(X))

~ T (F(X) 22 m, (Fa(X)),
where ~! holds because E is an object-wise Qg-spectrum above level m, and ~? holds
because F is an object-wise 2s-spectrum. This completes the proof. (|

3.3. Al-B.G. property of motivic spaces and motivic spectra. Our next goal is
to characterize the A-B.G. property of a motivic spectrum E in terms of the similar
property of its levels. What we show below is that two conditions are related when F is a
motivic Qg-spectrum. The following well known adjoint property of the pointed internal
hom functors will be used in what follows.
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Lemma 3.3.1. Given any E € Spc,(S), K € Spc, and U € Smg, there is a canonical
bijection of pointed simplicial sets:

Home(K, E)(U) = Hom, (K, E(U)).

It follows from Lemma 3.3.1 that for any E € Spc,(S) and U € Smyg, there is
a canonical isomorphism (Q,E)(U) ~ Q4 (E(U)). Since Hom,(S!, —) preserves weak-
equivalences and fibration sequences in Spc,, we conclude at once the following.

Corollary 3.3.2. The functor Qs(—) preserves object-wise weak-equivalences, B.G. prop-
erty, and A'-weak-invariance of pointed motivic spaces. It preserves motivic weak-
equivalences of A'-B.G. pointed motivic spaces. If E is an A'-B.G. pointed motivic
space, then natural map QsE — RQsE is an isomorphism in He(.S).

Proof. The first statement is obvious from Lemma 3.3.1 and the second statement follows
from the first and Theorem 3.1.5. To see the last statement, just take a motivic fibrant

replacement E — E’, apply the second statement, and use the isomorphism QE =
RO E. O

A motivic spectrum E will be called level-wise A'-B.G. if each E,, is A-B.G.

Corollary 3.3.3. Let f: E — F be a level-wise motivic weak-equivalence of level-wise
A'-B.G. motivic spectra. If E is a motivic Qs-spectrum, then so is F.

Proof. This is an immediate consequence of Theorem 3.1.5 and Corollary 3.3.2. U

Lemma 3.3.4. Let f : E — F be a morphism of level-wise A'-B.G. motivic Q,-spectra
on Smg. Then f is an S'-stable motivic weak-equivalence if and only if each fy, : E, —
F,, is an object-wise weak-equivalence.

Proof. Suppose that f : E — F is an S'-stable motivic weak-equivalence of level-wise
A'-B.G. motivic Q,-spectra. Let us fix n,p > 0 and U € Smg. Since E and F are
level-wise A!-B.G., we can apply Corollary 3.2.1 to get

Wp(E»,L(U)) >~ [Sp A U+, En]Al ’11 [Sp A U+, an_nEm}Al
(3.3.1) ~2 [SPAUL, RO Eylp o2 [STP T AUL, Epan
24 COEIH [Sm-‘rp—’fl/\U_i_’Em}Al 25 [EEOU+LP—TZ],E]A1

The isomorphism ~! in (3.3.1) follows from our assumption that E is a motivic Q-
spectrum, ~2 follows from Corollary 3.3.2, ~3 follows from the adjointness, ~* follows
because the integer m > 0 is arbitrary and ~% follows from (2.2.1). By the same
argument, we get m,(F,(U)) ~ [E°U4[p — n|, F]ai. Since f is an S'-stable motivic
weak-equivalence, we conclude that the map f, : F, — F, is an object-wise weak-
equivalence. The other direction in the statement of the lemma is obvious. ]

Corollary 3.3.5. Let E be a level-wise A'-B.G. motivic Qg-spectrum. Then E is motivic
quasi-fibrant.

Proof. Consider an S!-stable motivic fibrant replacement of E. Since an S'-stable mo-
tivic fibrant motivic spectrum is a level-wise motivic fibrant motivic 2s-spectrum, the
corollary follows directly from Lemma 3.3.4 and Theorem 3.1.5. (|

3.4. Motivic descent for (s,p)-bispectra. Given an open or a closed immersion of
schemes A C B in Smyg, let Qp,4(—) denote the functor £ — Qp /g E = (Qp/aEo, Qp/akn, )
on Spt(S), where Qp /4 F' = Home(B/A, F') is the object-wise fiber of the map Hom(B, F') —
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Hom (A, F) (cf. [19, Corollary 1.10]) for F' € Spc,(S). In particular, there is an object-
wise fiber sequence of presheaves of spectra

(341) QB/AE%EB —)EA,

where Ep(X) := E(B x X) = Hom(B, E)(X). Recall (¢f. [19, Corollary 3.2]) that
given an object-wise fiber sequence of presheaves of spectra as in (3.4.1), the map
Ep/(Qp/aE) — Ea is an object-wise stable weak-equivalence.

The natural isomorphism S' A Ex — (S' A E)x for any E € Spc,(S) and any X €
Smyg together with (3.4.1) show that there is a natural map S* A Qp/abn — QB/A(Sl A
E,) for any E € Spt(S) and n > 0. Composing this map with the bonding map
QB/A(S1 NEn) = Qpja(Eny1), we see that £ — Qp 4 is an endo-functor on Spt(S).
Moreover, there is a natural bijection Homgpe(g)(Xp/4E, F') = Homgpe(s) (B, Qp/al).

The following analogue of Corollary 3.3.2 for motivic spectra is immediate from The-
orem 3.1.5 and (3.4.1).

Lemma 3.4.1. The functor Qg s(—) preserves object-wise weak-equivalences, B.G.
property, and A -weak-invariance of motivic spectra. It preserves motivic weak-equivalences
of A'-B.G. motivic spectra. If E is an A'-B.G. motivic spectrum, then the natural map
Qp/alE — RQp s E is an isomorphism in SHg (S).

If f: E — F is an S'-stable motivic weak-equivalence of A'-B.G. motivic spectra,
then Qpaf : QpaE — Qpal is also an Sl-stable motivic weak-equivalence.

Recall from § 2.3.1 that an (s, p)-bispectrum E = (E,, n)mn>0 can be regarded as
a sequence of motivic spectra E = (Ey, Eq,---) with the bonding maps 7 : ¥7FE, =
TN E, = E,1 for each n > 0.

Definition 3.4.2. For an (s, p)-bispectrum E, we say that
(1) E is a motivic Qp-bispectrum if the adjoint of the bonding maps, 7 : E, —
QrFE,,1 are motivic weak-equivalences of motivic spectra over S for all n > 0.
(2) Eis AL-B.G. if each E,, is an A-B.G. motivic spectrum for all n > 0.

Theorem 3.4.3. Let f : E — F be a stable motivic weak-equivalence of A'-B.G. motivic
Qp-bispectra on Smg. Then f is a T-level-wise object-wise weak-equivalence, i.e., each
fn: BEn — F, is an object-wise weak-equivalence.

Proof. Suppose that f : E — F is a morphism of AB.G. motivic Q7-bispectra on Smg
which is stable motivic weak-equivalence. Let us fix n > 0,p € Z and U € Smg. Since
E is (T-level-wise) A-B.G., we can apply Corollary 3.2.1 to get

mp(En)(U) (E3UL[p), BnJar ~! [E?U+[p]79?‘”fimlA1
[E°UL[p, RO " Epla 3 [ER S8 RUL, By
~* colim [BSmT"SETTNRUL Eplar =~ mpoon,—n(E)(U).

m—0o0

12

12

(3.4.2)

The isomorphism ~! above follows from our assumption that F is a motivic Qp-bispectrum,
~2 follows from Lemma 3.4.1, ~3 follows from the adjointness, ~* follows because the
integer m > 0 is arbitrary and ~5 follows from (2.3.1). By the same argument, we get
75 (Fa(U)) = Ty (F)(U).

It follows from our assumption and (2.3.1) that the map m,(E,) — m,(F},) induces
an isomorphisms between the associated Nisnevich sheaves for all p € Z. In particular,
fn : E,, = F, is a Nisnevich local weak-equivalence, and hence an S*-stable motivic weak-
equivalence. Since these are A'-B.G. motivic spectra, it follows from Theorem 3.1.5 that
fn is an object-wise weak-equivalence. ([l
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Corollary 3.4.4. Let E be an (s,p)-bispectrum over S and let f : E — E' be a stable
motivic fibrant replacement. Then, E is an A'-B.G. motivic Qp-bispectrum if and only
if f is a T-level-wise object-wise weak-equivalence.

Proof. The forward direction is obvious by Theorem 3.4.3. For the backward direction,
note that each level E,, — E] is an object-wise weak-equivalence, with E, is motivic
fibrant, so that each E,, is A-B.G. by Theorem 3.1.5. It only remains to see that F is
a motivic Qp-bispectrum. This is an easy consequence of Lemma 3.4.1. ]

4. SINGULAR SEMI-TOPOLOGIZATION

For the rest of this paper, our base scheme is S = Spec (C). For a complex algebraic
variety U, we shall denote the associated complex analytic space by U**. This is the
space U(C) with the complex analytic topology. In this section, we recall the singular
semi-topologization (=sst) functor of Friedlander-Walker from [13, Definition 10].

4.1. Definition and basic properties. We recall the sst-process by Friedlander-Walker,
that transforms a presheaf on Sch¢ into another presheaf on Sche.

4.1.1. Simplicial category. Let T be a topological space, and let Varc be the category
of complex varieties. Let (T'|Varc) be the category whose objects are the pairs (f,U),
where U € Varc and f : T — U®" is a continuous map. A morphism from (f,U) to
(g,V) is a morphism h : U — V of varieties such that the induced continuous map
h . UM — V™ gatisfies h*" o f = g. One checks that (T'|Varc) is a small cofiltered

category.

We are particularly interested in the case when T is the topological n-simplex Af

for n > 0. Recall that Af,, = {Af,,}n>0 is a cosimplicial space with the natural cofaces

0" and the codegeneracies s'.

Definition 4.1.1. For n > 0 and 0 < i < n, define 9; : (Af,,|Varc)® — (A" Varc)oP

top
by
n an n—1 9" An [ an
(Amp =S U") — (Atop = Afpp = U ).
For n > 0 and 0 <4 < n, define s; : (Af,,,|Varc)®® — (A?O';I\Varc)‘)p by

f 1 s S
(Afop = U™) = (Afgy = AR, = U™).
Using the cosimplicial identities of A?.  involving 0’ and s’, one checks easily that

(A2, |Varc)®P is a simplicial category.

[ ]
top
L[]
top
4.1.2. Realization and diagonal spectra associated to a simplicial spectrum. We briefly
review the diagonal and the realization of a simplicial spectrum, i.e., a simplicial object
in Spt. Recall first that for a bisimplicial set A, the realization |A| is the simplicial
set obtained by taking the coequalizer of the diagram

(4.1.1) 1T A x AlE] = ] An x Al

(a:[n]—[k])eAoP n>0

where the components of the two morphisms are («a,z,t) — (z,a*(t)) and (o, z,t) —
(ax(x),t). If A,y is a simplicial object in the category of pointed simplicial sets, then | A|
is obtained by replacing A,, x A[k] by A, A (A[k])+ in (4.1.1). The diagonal diag A is

the composite A°P 95 A% x A% 2%, Get. Tt is known ([2, Proposition B.1]) that there

is a natural isomorphism of simplicial sets diag A — |A].
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If E: A°? — Spt is a simplicial spectrum, then its realization spectrum |E| is defined
exactly as in (4.1.1), where A, x A[k] is replaced by E(A[n]) A (Alk])+. A simplicial
spectrum F is also a spectrum object in the category of pointed bisimplicial sets, i.e.,
E is a sequence (EY,, El ., ---), where each E7, is a pointed bisimplicial set and there
are bonding maps S' A E?, — EF!. In particular, the spectrum |E| is a spectrum such
that |E|, is the pointed simplicial set given by |E},| and the induced bonding maps
SUNEL| = |EEF.

The diagonal of E is defined as the spectrum diag E such that (diag F),, = diag(E7,).
We have the map S' A E} — E"t! for each n,p > 0, where EJ' = (E(A[p])),,. This is
equivalent to the maps of pointed sets (S'); A B}, — Eg;“l for ¢,n,p > 0. Hence, we get
the maps (S1), NED, — Eg}'l and these give rise to the bonding maps S' A (diag E),, —
(diag E')p41 of the spectrum diag E. It follows from the case of bisimplicial sets that for
a simplicial spectrum F, there is a natural isomorphism diag E = |E)|.

If E is a presheaf of simplicial spectra on Schg or Smg, we define its realization and
the diagonal presheaves of spectra by defining these presheaves object-wise. We conclude
that for a simplicial presheaf of spectra E on Schg or Smg, the map diag F = |E| is
an isomorphism of presheaves of spectra. Thus, from now on, we won’t distinguish the
diagonal and the realization for simplicial presheaves of spectra.

4.1.3. Semi-topologization.

Definition 4.1.2 (Friedlander-Walker [13]). Let E be a presheaf of simplicial sets
(pointed simplicial sets, spectra, complexes of abelian groups) on Sche. Let X € Sche
and let T" be a topological space. Define E(T x X) := colimy r)¢(rvarc)or E(U x X).
Let E(Af,, X X) be the bisimplicial set (simplicial pointed simplicial set, simplicial
spectrum, simplicial object in the category of complexes of abelian groups) {E(A?Op X
X)}nz0. Let E5*(X) be the realization |E(A$,, x X)| (or the diagonal), which is a
simplicial set (pointed simplicial set, spectrum, complex of abelian groups). This £S5
is a presheaf of simplicial sets (pointed simplicial sets, spectra, complexes of abelian
groups) on Sche. We call it the (singular) semi-topologization of E.

There is a natural morphism of presheaves 7 : E — E5St on Sch¢ and this defines a
natural transformation 7 : Id — (—)5t of functors on presheaves on Sche.

The following elementary result about the semi-topologization for presheaves on Sch¢
will be used often in this text.

Lemma 4.1.3. Let E be a presheaf of simplicial sets (pointed simplicial sets, spectra)
on Sche and let X € Sche. Define a presheaf Ex on Sche by Ex(U) := E(U x X).
Then, there is a natural identification (Ex)sst = (E55%)x.

Proof. 1t follows from the definitions that for U € Schc,
(E¥)x(U) = E*(XxU) = |{E(AL, x X x U)}nzo’

top

= |{ colim E(CXXXU)} | = |{ colim Ex(CXU)} |
(1,C)eT? n>0 (f,0)eLn? n>0

= {BEx(Al, x U)},50 = (Bx)™ (V).

top

O

4.2. Al-weak-invariance of semi-topologization. When F is a presheaf on Smg, it
is well-known that the realization of E(A® x —) is Al-weak-invariant, where A" is the
algebraic n-simplex. (c¢f. [7, Proposition 7.2], [8, p. 150]). In this subsection we shall
prove the Al-weak-invariance of its semi-topological analogue.
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Theorem 4.2.1 (Al-weak-invariance). Let E be a presheaf of simplicial sets (pointed
simplicial sets, spectra) on Schc. Let X € Sche and let 7 @ Al x X — X be the
projection. Then 7* : E5%(X) — ESSY (A x X) is a weak-equivalence of simplicial sets
(pointed simplicial sets, spectra). In other words, ESt is A'-weak-invariant.

Proof. Step 1: We first show that the two morphisms E55¢(A! x X) = E5¢(X) induced
by the maps i x Idx, 41 x Idy : X = A! x X are simplicially homotopic and they induce
the same homomorphisms in homotopy groups, where ig,i; : Spec (C) — A! map the
singleton to the points {0}, {1}. Its proof is almost identical to that of [7, Lemma 7.1],
except that we need to replace A" suitably by Af,,.

Given any n > 0 and a continuous map h : Af, — U in (Af, |Varc)P, let h*
denote the canonical map E(U x X) — E(A{,, x X). Let I, be the simplicial set
corresponding to the poset {0 < 1}, i.e., n-simplices are I, are nondecreasing sequences
Jjo < j1 <--- <jp with jr € {0 < 1}. Note that I = |I,| = [0,1]. Choose any continous
function g : I — (A!)%" that sends the end points of I to the points {0}, {1} € Al,
respectively. We have an explicit simplicial homotopy

H:Ix|BE(AY, x A x X)| =|I, x E(AY,, x Al x X)| = |E(A},, x X)

top

defined as follows: let j € I, and let m € E(A}

top X A! x X) be represented by a class

my € BE(U x A' x X) under a continuous map h : AL, — U in (A, [Varc)®P. We
write m = h*(my) for simplicity. Consider f; : Af,, — Af, x I defined to be the

linear morphism sending the k-th vertex vy € Af,, to v x jp € Af,, x I. Define the

continuous composition h; : Al T An 1 M gan (Ahar = (U x Ah)amn. We

top top
define H,,(j x m) € E(A{,, x X) to be the class of h}(my,). Then {H,} gives the desired
simplicial homotopy.

Step 2: We now show that the map 7* : ESSt(X) — ESS*(Al! x X) given by the
projection 7 : A! x X — X is a weak-equivalence. This part of the proof is almost
identical to that of [7, Proposition 7.2].

The composition (ig x Idy)*on* : ESS*(X) — ESSt(Al x X) — E5St(X) is the identity
on E55*(X). For the composition in the opposite order, we have:

Claim. 7 o (ig x Idx)* is simplicially homotopic to the identity map on ESS(A! x X).

Let m : Al x A’ — A! be the morphism given by (a,b) — ab. Let my := m x Idy.
One sees that for the compositions (where [ = 0 and 1),

mx o (i x Idgiyx) : Al x X = AP x Al x X — Al x X,
we have the identities
mx o (ig X Idg1, x) = (ig x Idx) o,
myx o (Z]_ X IdAlxX) = IdAIXX’
which imply that
(1o x Idpg1y x)* om% = 7" o (ig x Idx)*,
(il X IdAl XX)* o m} = IdEsst(Al xX)
But, by Step 1 (with X replaced by Al x X), the maps (i; x Idg1, x)* : ESSt(A! x Al x
X) — Bt (Al x X) for [ = 0,1 are simplicially homotopic. Hence 7* o (ip x Idx)* and
Idgsst (a1 x) are simplicially homotopic by [15, Corollary 9.5.4], proving the Claim. This

shows that 7* is a simplicial homotopy equivalence (in the sense of [15, Definition 9.5.8])
so that by [15, Proposition 9.5.16], the map 7* is a weak-equivalence. O
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4.3. Semi-topologization and A-product. In this section, we study the behavior of
the sst-process with respect to various operations related to the A-product. This is used
later in the study of semi-topologization of T-spectra and (s, p)-bispectra.

Recall that for two pointed simplicial sets A and B (all base points are denoted by x),
their wedge product is defined as

AAB:=(Ax B)/(AV B),

where the join AV B is the union (A x x) U (x x B) in A x B.

For two presheaves F and F of pointed simplicial sets on a category C, the presheaf
E A F on C is defined object-wise as (EA F)(U) = E(U) A F(U). In particular, one still
has the formula EAF = (E x F)/(EV F). When F is a presheaf of spectra on Sch¢
while F is as above, we can define EA F' level-wise, namely, EAF = (EAFy, EAFy,---).

Proposition 4.3.1. Let E, F, F’ be presheaves of pointed simplicial sets on Sche. Then
we have the following identities, where (1), (3) are identities in the category of presheaves
of (unpointed) simplicial sets on Schc.

(1) (E % F)sst — Esst X Fsst'

(2) (E Vi F)sst — Esst V; Fsst'

(3) If F C F', then (F'/F)%st = F'** /st

(4) (E/\F)SSt — Esst /\Fsst'

(5) When E is as above and F is a presheaf of spectra on Sche, we have (EAF)

Esst A Fsst'

Proof. Let X € Sche¢ be a fixed scheme. For (1), recall that the product £ x F is
defined object-wise as (E x F)(U) := E(U) x F(U) for each U € Sche. In particular,
(ExF)(UxX)=EUxX)x FU x X).

Now, over the objects (f : Af,, — U") of the filtered category (Af,,|Varc)P, we
take the filtered colimit. Note that products are finite limits, and by [29, § IX.2 Theorem
1] finite limits commute with filtered colimits. Thus, (E x F)(Af,, x X) = E(Af,, x

X) x F(Af,, x X). Taking the diagonals, this immediately implies (1).
For (2), a similar argument works. Namely, for each U € Sch¢, we have a push-out

(a colimit) diagram

sst _

* X K — *X F(U x X)

l !

EUxX)xx —— (EVF)(U x X)
and we take the filtered colimits over the objects (f : Af,, — U") of (Af,,|Varc)°P.

Colimits commute among themselves (by Fubini theorem for colimits, see [29, § IX.8])
so that we deduce that (E'V F)(Af,, x X) = E(Af,, x X)V F(Af,, x X). This implies
(2), by taking the diagonals.

For (3), for presheaves F' C F’, the quotient presheaf F'/F satisfies (F'/F)(U) =
F'(U)/F(U) for U € Sche. In particular, F'(U x X)/F(U x X) is the push-out

F(U x X) — F'(U x X)

| |

%  —— F'(Ux X)/F(U x X).
Taking the filtered colimits over (Al |[Varc)®P and then the diagonals, we deduce (3).
Now, (4) follows from (1) - (3)
For (5), since the limits and colimits of spectra are all defined level-wise, this part
follows from (4). This completes the proof. O

n
top
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5. SEMI-TOPOLOGIZATION OF PRESHEAVES ON SMOOTH SCHEMES

In this section, we discuss how one can define semi-topologization for presheaves de-
fined on Smc¢ and study its properties. Some of the properties are analogous to those of
the semi-topologization functor on presheaves on Schc.

5.1. Presheaves on smooth schemes. For a presheaf E of simplicial sets (pointed
simplicial sets, spectra) on Sche, we used the categories (Al |[Varc)® to define E55¢,
If E is defined only on Smg¢ a priori, then one may want either to extend the functor F
to all of Sche, or to shrink the indexing categories to, say, (Afi,,|Smc)°P.

Both raise some issues. Extension of a functor from Smg¢ to Sche is not unique
so that one may face a well-definedness problem. On the other hand, the inclusion
(Afp|Sme)°P) — (Af,,|Varc)®? is not cofinal. Furthermore, the indexing categories
(Af,p|Smg)°P are not filtered, so that the colimits over them may have poorer properties.

To avoid such problems, we shall use only a particular sort of functorial extension
process (that we call the artificial extension) to obtain a presheaf on Sche, and then we
apply the sst-process as defined in Section 4. More generally, we prove that there is a
functorial way to extend presheaves on Smg of objects in a cocomplete category M to
presheaves on Schc.

Definition 5.1.1. Let W € Sch¢. Consider objects of the form (f, X), where X € Sm¢
and f: W — X is a morphism of C-schemes. Given two pairs (f, X) and (g,Y"), with
X,Y € Smg¢, a morphism ¢ from (f, X) to (g,Y) is defined to be a morphism of C-
schemes ¢ : X — Y such that ¥ o f = g. Let (W|Sm¢)° be the category of equivalence
classes of the pairs (f, X) with the above morphisms. This is a small category.

Definition 5.1.2. Let E be a presheaf on Smc of objects in a cocomplete category M.
For W € Sche, define the artificial extension E of E by
E(W) := colim E(X).
(£, X)e(W|Smc)oP
_ Note that if W € Smc, then (W|Smc)°® has the terminal object (Idw, W) so that
E(W) = E(W). It is easy to verify that given ¢ : W — W' in Schc, the assignment
(f:W = X)— (fog: W — X) makes E a presheaf on Sch¢ of objects in M. One
verifies that the artificial extension process defines a functor on the category of functors

(5.1.1) ext : Funct(Smg”, M) — Funct(Schg”, M).

In the opposite direction, we also have the restriction functor rest : Funct(Sch%p, M) —
Funct(Sm¢’, M) and it is clear that rest o ext = Id. However, the reader should be
warned that there is a natural transformation ext o rest — Id, which is far from being
an isomorphism in general.

Definition 5.1.3. Let E be a presheaf of simplicial sets (pointed simplicial sets, spec-
tra) on Smc. We define its semi-topologization as the presheaf (ext(E))*™" |sme =
ESSt\sm(C = rest osst oext(E) on Smc. The resulting presheaf will be denoted by ESSt.

Immediately from Theorem 4.2.1, we get the following;:

Proposition 5.1.4. Let E be a presheaf of spectra on Smc. Then, ESSt is A'-weak-
tnoariant.

5.2. The recognition principle. The semi-topologization of presheaves of simplicial
sets (pointed simplicial sets, spectra) on Smc defines a natural transformation of functors
Id — (—)%st. In order to deal with the semi-topologization for presheaves of spectra on
Smyc, the following recognition principle of Friedlander-Walker in [13, Theorem 11] is a
very important technical tool. We recall it in the form we use:
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Theorem 5.2.1 (Friedlander-Walker recognition principle). Let E and F be presheaves
of spectra on Sche and let f : E — F be a morphism of presheaves, which is an object-
wise weak-equivalence on Smc. Then |E(AL,,)| — [F'(A%,p)| is a weak-equivalence.

The recognition principle will be often used in this paper in the following form.

Theorem 5.2.2. (1) If f : E — F is a morphism of presheaves of spectra on Schc,
which is an object-wise weak-equivalence on Smc, then fSSt: E5St — FSst js an
object-wise weak-equivalence on Smc.

(2) If f: E — F is a morphism of presheaves of spectra on Smc, which is an object-
wise weak-equivalence, then 5 : ESt — F'Sst s an object-wise weak-equivalence
on Smc.

Proof. We first prove (1). It follows from our assumption that for any X € Smc, the
map Ex — FYx is an object-wise weak-equivalence on Smg¢. It follows from Theo-
rem 5.2.1 that the map (Ex)®* (Spec (C)) — (Fx)®* (Spec (C)) is a weak-equivalence.
We can now apply Lemma 4.1.3 to conclude that the map ESS%(X) — F5%(X) is a
weak-equivalence.

To prove (2), notice that our assumption implies that the map E — F is an object-
wise weak-equivalence on Smgc. It follows from (1) that the map ES5%(X) — FSt(X)
is a weak-equivalence for X € Smgc. But this is equivalent to saying that the map
E5st(X) — F5st(X) is a weak-equivalence. O

Remark 5.2.3. We remark that if E is a presheaf of spectra on Sche¢ (or on Smc) that is
already A'-weak-invariant on Smc, then A'-weak-invariance of E5* on Smc is a trivial
consequence of Theorem 5.2.2 without resorting to Theorem 4.2.1 or Proposition 5.1.4.
Indeed, for such F, the morphism FF — FEj1 is an object-wise weak-equivalence on Smg.
Hence, by Theorem 5.2.2, so is E55t — (E41)%t. By Lemma 4.1.3, this means ESt is
Al-weak-invariant on Smg. For the purpose of this paper, this is enough.

5.3. Commutativity between the loop space and the sst-functors. Recall that
for a map f : E — F of presheaves of pointed simplicial sets on Smc or Schc, the fiber
fib(f) is defined via the Cartesian square

(5.3.1) fib(f) — E

| |

* —— F.

The sequence of maps fib(f) — FE i> F will be called a fiber sequence. The reader should
be warned that this is not same as a homotopy fiber sequence unless f is a fibration.

Recall from § 3.4 that given an open or a closed immersion of schemes A C B in Smc,
the functor Qp/4(—) on Spt(C) is by definition '+ Qp/aE = (Qp/aF0, Qp/aLr, ),
where Qp s E, = Home(B/A, Ey,) = fib(Hom(B, Ey,) — Hom(A, E,)). There is thus
an object-wise fiber sequence of presheaves of spectra

(532) QB/AE%EB %EA,

where Ep(X) = E(B x X) = Hom(B, E)(X).

For any B € Smc, the natural map Hom (B, E) — Hom(B, E5) defines a natural
transformation Hom (B, E)%* — Hom(B, E**) and using (5.3.2), we see that there is a
natural transformation of functors (Qp,4(—))%* — Qp/a((—)%*). As another applica-
tion of Theorem 5.2.2, we prove the following.

Proposition 5.3.1. Given A C B in Smc and E € Spt(C), there is an object-wise
weak-equivalence (g aE)%* — Qg 4 (E%*) of motivic spectra over C.
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Proof. Let L:? denote the artificial extension of £ to Sch¢ and let Ep denote the presheaf
of spectra Ep(X) = E(B x X) on Sche. Let Qp/4F denote the object-wise fiber of

the map Ep — FE4. Since the restriction of Eg on Smg¢ coincides with Eg (since B is
smooth), we see that there is a fiber sequence of presheaves of spectra on Sch¢

(5.3.3) QpaE — Ep — By,

which restricts to (5.3.2) on Spt(C).

We also notice that there is a map of presheaves of spectra Ep — Ep on Schc, which
is natural in B, and which is an isomorphism on Smc¢ (both are isomorphic to Ep).
Using (5.3.3), we see that there is a map of presheaves of spectra fib (EiB — ?A) —
Qp/ 4E on Sche which is an isomorphism on Smc. Set Q/B;A/E = fib (E73 — ET;) We
conclude that there is a commutative diagram of presheaves of spectra on Sche

(5.3.4) QpuE —— Eg—— Ex

1

QpaE —— Ep—— Ey

| ]

QB/AE*)EB *)EA,

where the bottom two rows are object-wise fiber sequences and all vertical arrows are
isomorphisms on Smc. Let u: Qp B — Qp/ 4E denote the composite vertical arrow
on the left.

Since filtered colimits commute with fiber products (in fact, they commute with all
finite limits), the above diagram gives us for every n > 0, a commutative diagram of
presheaves of spectra on Sche¢

(5.3.5) Qp/aE(AL, x =) — Ep(AL, x =) — EA(A}

top top

l | J

QB/AEI(A?Op X _) - EB(A?op X _) - EIA(A?op x _)7

X —)

where the two rows are object-wise fiber sequences.

Since the two rows in (5.3.5) are object-wise fiber sequences and since the fiber of
a map of spectra is defined level-wise, taking the diagonals of these maps of simplicial
spectra as in § 4.1.2, we get a commutative diagram of presheaves of spectra on Sch¢

(5.3.6) (Bt — (Bp)™ — (Ea)™

|

(Qp/aE)*™t — (Ep)*™* — (Ea)**,

where the two rows are object-wise fiber sequences. Since each vertical arrow in (5.3.4)
is a morphism between two presheaves of spectra on Sche which is an isomorphism on
Smc, we conclude from Theorem 5.2.2 that each vertical arrow in (5.3.6) is an object-
wise weak-equivalence on Smg.

It is immediate from the definition and Lemma 4.1.3 that the map (Ep)%st — (E55%) g =
(E®%t) g is an isomorphism on Smg, and the same is true for E4. Composing the vertical
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maps in (5.3.6) with these isomorphisms and using the identification (Ep)%St = (Eg)sst,
we get a commutative diagram of presheaves of spectra on Sm¢

(5.3.7) (Qp/a )™t — (Ep)*™t — (Ea)™*

|1

(QB/AE)SSt — (Esst)B N (Esst)A7

where the two rows are object-wise fiber sequences and the vertical arrows are object-wise
weak-equivalences in Smc.

Finally, in the sequence of maps (QB/AE)SSt ﬁ) (QB/AE)SSt — QB/A(ESSt), the
second map is an isomorphism since the bottom row of (5.3.7) is an object-wise fiber
sequence. The composite map is an object-wise weak-equivalence on Sm¢ by The-
orem 5.2.2 since the map Qg B — QB/AE is an isomorphism on Smg¢, as shown
in (5.3.4). It follows from the 2-out-of-3 axiom that 45t is an object-wise weak-equivalence
on Smc. Since (Qp/4E)%t = (Qp/4E)% and Qp4(E%) = Qp,4(E%*), we conclude
the proof of the proposition. ]

Applying Proposition 5.3.1 to t = (G,,, 1) and T = (P!, 00), we conclude:

Corollary 5.3.2. Given E € Spt(C), there are object-wise weak-equivalences (2, E)5St —
Q(E%%) and (QrE)3St — Qr(ESSY) of motivic spectra over C.

Remark 5.3.3. Using the fact that Qg1 E(X) = Qg1 (E(X)) for any presheaf of spectra
E on Sche and that Qg1 E = Qg1 E for any presheaf of spectra E on Smc, it is relatively
easy to show that the map (Qg1 E)St — Qg1 (E5?) is an isomorphism for any presheaf
of spectra E on Smg.

6. HOMOTOPY SEMI-TOPOLOGIZATION

In this section, we prove that the classes of B.G. and A'-B.G. presheaves of spectra
remain invariant under semi-topologization. We prove similar results for (s, p)-bispectra.
As a consequence, we will define the homotopy semi-topologization (host) functor on the
level of motivic homotopy categories.

6.1. B.G. property and semi-topologization. We begin with the following elemen-
tary results.

Lemma 6.1.1. Let E be a simplicial spectrum such that each E, := E(A[p]) for p >0
is a cofibrant spectrum. Then diag E is also cofibrant.

Proof. According to Theorem 2.2.1, we need to show that the map S' A (diag E),, —
(diag E')p+1 of pointed simplicial sets is a monomorphism for each n > 0. Recall that for
a monomorphism A — B of simplicial sets, B/A is the simplicial set given by (B/A),, =
B, /A, and for two pointed simplicial sets A, B, one has (A x B), = A, x B, and
(AAB), = A, A B,. Thus we need to show that the map of pointed sets (S1), A
(diag E)y,p — (diag E)p+1,p is @ monomorphism for each n,p > 0.

However, (diag E)n p is same as £}, for each n,p > 0 (see § 4.1.2) and (SH); A B —
Egjl is a monomorphism for all p,i > 0 since each FE, is given to be cofibrant. In
particular, the map (S'), A (diag E),, — (diag E),41, is a monomorphism. O
Lemma 6.1.2. Let f : E — F be a morphism of simplicial spectra such that each map

fp : Ep = F, (see Lemma 6.1.1) for p > 0 is a cofibration of spectra. Then the map
diag £ — diag F', thus |E| — |F| as well, is also a cofibration.
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Proof. Recall that a cofibration of spectra is, in particular, a level-wise monomorphism
of simplicial sets. So, the map f: E — F'is a level-wise monomorphism of bisimplicial
sets. This also shows that the map diag E' — diag F' is a level-wise monomorphism
of simplicial sets. According to § 2.2.1 and Theorem 2.2.1, we need to show that the
spectrum diag F'/diag F is cofibrant, where (diag F'/diag E),, = (diag F'),,/(diag E),.

We set G = F/E, where Gy, = F', /E} .. Since (S'AF) /(ST A E}) ~ STA(E)/E)
for each n,p > 0, we see that GG is a simplicial spectrum. Furthermore, it follows from
the definition that

(diag G)np = = F,,/Ey, = (diag F), ,/(diag E), p = (diag F'/diag E),

We conclude that dlagG = dlag F /diag FE. Hence by Lemma 6.1.1, it suffices to show
that G, is a cofibrant spectrum for each p > 0. However, the spectrum G, is same as the
spectrum F),/E, and our assumption that E, — F), is a cofibration, implies that F},/E,
is cofibrant. This proves the lemma. O

Since Nisnevich or motivic cofibrations between presheaves of spectra on Smg are ex-
actly object-wise cofibrations, the following is an immediate consequence of Lemma 6.1.2.

Corollary 6.1.3. Let f : E — F be a morphism of presheaves of simplicial spectra on
Schc such that each map f, : E, — F), for p > 0 is an object-wise cofibration. Then the
map diag E — diag F', thus |E| — |F| as well, is an object-wise cofibration.

If f: E — F is a morphism of presheaves of simplicial spectra on Smc such that each
map fp : E, — F, for p > 0 is a Nisnevich (motivic) cofibration of presheaves of spectra,
then diag E — diag F', thus |E| — |F| as well, is a Nisnevich (motivic) cofibration.
Proposition 6.1.4. Let E i> F 2 G be an object-wise homotopy cofiber sequence of
presheaves of spectra on Sche. Then

sst sst
Esst f Fsst g Gsst

s an object-wise homotopy cofiber sequence on Smc.

Proof. Recall from [2, §A 2] that saying that E Sy F % Gisan object-wise homotopy
cofiber sequence, is equivalent to saying that there is a commutative diagram

(6.1.1) EL P SFE

L, b

EHFHG

of presheaves of spectra on Sch¢ such that f’ is an object-wise cofibration and h and p
are object-wise weak-equivalences. It follows from Theorem 5.2.2 that h* and psst are

object-wise Weak—equlvalences on Smc. Using Proposition 4.3.1(3), it only remains to

show that the map ESs¢ ~—— ! F'sst is an n object-wise cofibration. Equivalently, we need
to show that the map diag(F ) — dlag(F’ ) is a cofibration, where E is the presheaf of

simplicial spectra on Sche defined by E(A[p])(—) = (A‘fop —) (see Definition 4.1.2)

and I’ is defined similarly.

Since E(A[p]) — F/’(A[p]) is a filtered colimit of object-wise cofibrations, it follows
from [32, Proposition 3.2] that this map is an obJect wise cofibration for each p > 0.
Hence, by Corollary 6.1.3, the map diag(F ) — dlag(F ") is an object-wise cofibration.
This finishes the proof. O
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Theorem 6.1.5. Let E be a presheaf of spectra (complexes of abelian groups) on Smc.
If E is B.G., then so is E5. If E is A'-B.G., then so is ESSt.

Proof. We shall prove this result for presheaves of spectra as the other one is a special
case by replacing a chain complex of abelian groups by the associated Eilenberg-MacLane
spectrum via Dold-Kan.

We prove the first statement. Via the artificial extension in Definition 5.1.2, we regard
E as a presheaf on Sche. Given X € Smc, we define a presheaf Ex on Sche by letting
Ex(Y):=E(X xY) for Y € Schc. Given a Nisnevich square as in (3.0.5), where all of
X,U,V,W are in Sm¢ with W = U x x V', we have a commutative diagram of presheaves
of spectra on Sch¢

(6.1.2) Ex 2 By

o

Ey —2 Ey.
This is object-wise homotopy Cartesian on Sm¢ because F is B.G. by the given as-
sumption. Equivalently, this square of presheaves of spectra is object-wise homotopy
co-Cartesian on Smg.
Let G1 and G5 denote the object-wise homotopy cofibers of the morphisms j; and ho,
respectively. Then the above square is object-wise homotopy co-Cartesian on Smg if

and only if the map Gy LN G2 is an object-wise weak-equivalence on Sm¢. Hence, we

sst
deduce from Theorem 5.2.2 that G55 LN G55t is an object-wise weak-equivalence on
Sm(c.
On the other hand, by Proposition 6.1.4 there is a commutative diagram

ssst

J1
sst sst sst
(6.1.3) B Eg G3
jSStJ J(h?st J(hsst
tht
sst sst sst
EV EW G2 ’

where the rows are object-wise homotopy cofiber sequences of presheaves of spectra on
Smc. Since A%t is an object-wise weak-equivalence on Smc, we deduce that the left
square in (6.1.3) is object-wise homotopy co-Cartesian on Smc. Equivalently, this square
is object-wise homotopy Cartesian on Smc. Evaluating this at Spec (C) and applying
Lemma 4.1.3, it follows that

;sst
(6.1.4) Bsst(X) 2y ESst(U)

jsstJV J/h?st
hsst

Esst (V) 2 Esst (W)

is a homotopy Cartesian square of spectra.
The second statement follows from the first and Remark 5.2.3 (or Proposition 5.1.4).
This proves the theorem. ([

Applying Theorems 3.1.5, 5.2.2 and 6.1.5, we conclude:

Corollary 6.1.6. If f : E — F is an S'-stable motivic weak-equivalence of A'-B.G.
motivic spectra on Smg, then f55t : ESSt — F'SSt s an object-wise weak-equivalence of
A'-B.G. motivic spectra on Smc.
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Corollary 6.1.7. There exists an endo-functor host : SHg1(C) — SHg1(C), which
coincides with the sst-functor on A'-B.G. motivic spectra up to isomorphism.

Proof. We have already seen that sst : Spt(C) — Spt(C) is a functor and it follows from
Theorem 6.1.5 that this functor preserves A'-B.G. motivic spectra. Since an S!-stable
motivic fibrant motivic spectrum is Nisnevich fibrant and Al-local, it is A-B.G. by
Lemma 3.1.3. It follows from Corollary 6.1.6 that the sst-functor takes a trivial motivic
fibration between S'-stable motivic fibrant motivic spectra into an S'-stable motivic
weak-equivalence. Thus, by [15, Proposition 8.4.8] there exists a right derived endo-
functor host : SHg1 (C) — SHg1(C), which coincides with the sst-functor on A-B.G.
motivic spectra up to isomorphism. O

6.2. Semi-topologization of (s,p)-bispectra. Recall that an (s, p)-bispectrum E is
given by a sequence of motivic spectra (Ey, E1, - - - ) together with the maps €, : TAE,, —
E,.1 for each n > 0. The map e, yields a map (T A E,,)** — ESsF,, which is equal
to the map T A E5St — Efjfl by Proposition 4.3.1. Composing this with the natural
map T A E3St — TS5t A B35t we get the natural map T'A ESSt — ESSt that we call €55t
This gives an (s, p)-bispectrum ESSt := (E§St E$St ...). It is easy to see that given a
morphism f : EZ — I of (s, p)-bispectra, there is a commutative diagram in Spt, ) (C):

(6.2.1) E—L F

L. ]

Esst Fsst .

Recall from Definition 3.4.2 that an (s,p)-bispectrum E = (Ep, E1,---) is called Al-
B.G. if each E,, is an A'-B.G. motivic spectrum and, F is called a motivic Qp-bispectrum
if the adjoints of the bonding maps ¢, : E, — QrE,,1 are S'-stable motivic weak-
equivalences for all n > 0. The following result for (s,p)-bispectra follows from the
analogous result for motivic spectra proven before.

Theorem 6.2.1. The functor sst : Spt(, , (C) — Spt, , (C) satisfies the following
properties:

(1) The class of A1-B.G. (s,p)-bispectra is closed under the sst-functor.

(2) The class of A'-B.G. motivic Qp-bispectra is closed under the sst-functor.

(3) If f : E — F is a stable motivic weak-equivalence of A'-B.G. motivic Qr-
bispectra, then f5St : ESSt — FSSt s o T-level-wise object-wise weak-equivalence
of A'-B.G. motivic Qp-bispectra.

Proof. The first part follows directly from Theorem 6.1.5. To prove the second part, let
E be an A-B.G. motivic Qp-bispectrum. We first use Lemma 3.4.1 to deduce that each
QrE, is an A'-B.G. motivic S'-spectrum. Using this, Theorem 3.1.5 and Corollary 6.1.6,
we see that the map ES5% — (QrFE,11)%¢ is an object-wise weak-equivalence. It follows
now from Corollary 5.3.2 that the map (E5%),, — Qr((E5%),,41) is an object-wise weak-
equivalence, thus an S'-stable motivic weak-equivalence. The third part follows by
combining the first two parts with Theorems 3.4.3 and 5.2.2. (|

Before we get to the final result of this section, we consider one more situation. Recall
that for a morphism f: 2 — F in Spt, ,)(C), the cone C(f) is defined in terms of the
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push-out square

(6.2.2) E B AA[

[T

F—L o),
where A[1] is pointed by one. Collapsing of F' to the base point of ¥,F = E A S! and
using the quotient map E A A[l] — E A S!, there is a unique map d; : C(f) — ZE.
This gives rise to a sequence of maps

(6.2.3) eLrlog s,k

Lemma 6.2.2. Let f : E — F be a morphism of (s, p)-bispectra over C, and consider
the associated push-out square (6.2.2). Then, the following is also a push-out square:

(6.2.4) pest A0, psst A A[1]

fsstJ lfsst
f~'sst

Fsst (C(f))SSt

Proof. For any given presheaf G of pointed simplicial sets (resp. spectra) on Smc, the
presheaf G denotes its artificial extension on Schg as in Definition 5.1.2. This naturally
extends (s, p)-bispectra over Smc to (s, p)-bispectra over Sche, defined in the obvious
way. Recall that the push-out of a diagram of presheaves of (s, p)-bispectra is defined
object-wise, and one has E A A[1] ~ E A A[1].

We know that the push-out diagram (6.2.2) is same as the colimit of the finite diagram
(F < E — E ANA[1]). Since the artificial extension is defined in terms of a colimit and
since the colimits commute among themselves (cf. [29, § IX.8]), we see that (6.2.2)
remains a push-out square if we replace the underlying presheaves by their artificial
extensions. So, we may assume that the underlying presheaves of E and F' are defined
on Sche. The commutativity of two colimits with each other also implies that the
diagram

(6.2.5) E(AL, x —) = B(AL, x —) A Al
fl ) Jf
F(Af, x =) —L— C() (AL, x -)

remains a push-out square for each n > 0. We next use the adjointness isomorphism of
the hom sets

(6.2.6) Home (X A A[k]4,Y) = Home (X, Home(A[k]+,Y))

in the category C of presheaves of (s,p)-bispectra on Sche, and deduce that (6.2.5)
remains a push-out square when we take the smash product of its vertices with A[k];
for any k > 0. Since the coequalizer of a diagram is a colimit and the colimits commute
among themselves, it follows now from (4.1.1) that the following is a push-out square:

(6.2.7) psst 10 (B A AT

fsstJ J{fsst
fsst

F*st ———— (C())™.
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We now use Proposition 4.3.1(4) and the isomorphism A[1] = (A[1])®* to conclude
that (6.2.4) is a push-out square. O

Theorem 6.2.3. There exists an endo-functor host : SH(C) — SH(C), which coincides
with the sst-functor on A'-B.G. motivic Qp-bispectra up to isomorphism. Moreover,
host is a triangulated endo-functor on the triangulated category SH(C).

Proof. 1t follows from Theorem 6.2.1 that sst is an endo-functor on Spt(, ,y(C) which
preserves the A-B.G. property of (s, p)-bispectra. It is known (cf. [34, Lemma 2.3.8])
that the functor X7 : Spt(C) — Spt(C) preserves stable motivic weak-equivalences
and cofibrations. Hence, X7 is a left Quillen endo-functor with the right adjoint Qr :
Spt(C) — Spt(C).

An (s,p)-bispectrum E = (Ey, E,---) is stable motivic fibrant if and only if it is a
motivic Qp-bispectrum and it is T-level-wise S!-stable motivic fibrant (cf. [16, Defini-
tion 3.1, Theorem 3.4]). In particular, a stable motivic fibrant (s, p)-bispectrum is an
A-B.G. motivic Qp-bispectrum.

It follows from Theorem 6.2.1 that the sst-functor on Spt, ,)(C) takes a trivial stable
motivic fibration between stable motivic fibrant (s,p)-bispectra into a stable motivic
weak-equivalence. We can now apply [15, Proposition 8.4.8] to get a right derived endo-
functor host : SH(C) — SH(C), which coincides with the sst-functor on A!-B.G.
motivic Qp-bispectra up to isomorphism.

We now check that host : SH(C) — SH(C) is a triangulated endo-functor. Since
host preserves finite coproducts and products in the triangulated category SH(C), it is
an additive functor. The shift E — E[1] on SH(C) is given by the functor F +— XE. It
follows from Proposition 4.3.1 and the isomorphism S =5 (S1)%St that host commutes
with the shift functor.

Recall that a distinguished triangle in SH(C) is the one which is isomorphic to a

sequence of the form (6.2.3) for a map E 5 Fin Spt (s ) (C) (cf. [40, § 2.3]). Tt follows

from Lemma 6.2.2 and the isomorphism (X F)SSt ~ Y FSSt that given a distinguished
triangle such as in (6.2.3), the sequence of maps

sst
Esst / Fsst N (C(f))sst N ZSESSt

also forms a distinguished triangle in SH(C). This shows that host is a triangulated
endo-functor. g

Definition 6.2.4. For the rest of this paper, we shall call the functor host of Corollary
6.1.7 and Theorem 6.2.3 by the name homotopy semi-topologization functor. For any E
in SHg1(C) or SH(C), we shall denote host(E) by EbBost,

7. REPRESENTING SEMI-TOPOLOGICAL K-THEORY IN SH(C)

The purpose of this section is to prove that the semi-topological K-theory of Friedlander-
Walker [9] is representable in SH(C) by the semi-topologization of an (s, p)-bispectrum
model of the algebraic K-theory. We begin with the definition of the semi-topological
K-theory from [9].

7.1. Semi-topological K-theory. The semi-topological K-theory of a complex quasi-
projective variety X acts as a bridge between the algebraic and the topological K-theories
of X. It helps one to understand and compare the algebraic and the topological K-
theories. This theory was defined by Friedlander and Walker in [10] in terms of the
stable homotopy groups of an infinite loop space. This loop space is constructed out of
the stabilization of the analytic space of algebraic morphisms from the given variety to
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the Grassmann varieties. Friedlander and Walker in [9] gave another definition of the
semi-topological K-theory of a complex variety X as

(7.1.1) K3HX) = m, (JK(AY,, x X))

for p € Z, where K(—) is the presheaf of connective spectra on Sch¢ that represents
the Quillen K-theory. They showed in [9, Theorem 1.4] that this definition of the semi-
topological K-theory coincides with the original one in [10] for projective weakly normal
varieties, so that (7.1.1) is considered as the correct definition of the semi-topological
K-theory. The above papers and the subsequent papers ([4], [12], [13]) studied various
properties of the semi-topological K-theory defined in (7.1.1).

L[]
top

7.2. Algebraic K-theory as a motivic spectrum. Recall that the assignment X —
K(X) of Quillen with values in the category of pointed simplicial sets is in general only a
pseudo-presheaf on Sm¢. However, using the notion of big vector bundles, Jardine [20]
(see also [21]) constructed a presheaf of spectra on Smc that represents the algebraic K-
theory. Jardine’s construction can be summarized as follows and it will be still denoted
by K. The A'-B.G. property of K is well-known and can be found, for example, in [45,
Proposition 6.8, Theorem 10.8].

Theorem 7.2.1. ([20, Theorem 5, Proposition 9]) There is a presheaf K of spectra on
Smc¢ such that for X € Smc, K(X) represents the algebraic K-theory of X. This is a
presheaf of Q2s-spectra above level zero and there are smash product morphisms KC; ANKC; —
Kitj which commute with the bonding maps of K. Furthermore, K is an A'-B.G. presheaf
of spectra on Smc.

We shall use Jardine’s model for the algebraic K-theory in what follows. Recall that
for a presheaf of spectra E = (Ey, E1,---) on Smc, E{n} denotes the presheaf of spectra
(EnyEps1,--).

Let K L Kb & Kf be the morphisms in Spt(C), where f is an S'-stable motivic fi-
brant replacement of K and g is an S'-stable motivic cofibrant replacement of KfP. Since
KAP is motivic fibrant and ¢ is a motivic fibration, it follows that K is motivic cofibrant-
fibrant. Moreover, it follows from Theorem 2.2.1 and Corollary 3.2.4 that each K{n}
is motivic cofibrant-fibrant. It also follows from Theorem 7.2.1 and Corollary 3.2.4 that
the maps KC,, — Kb <« K are object-wise weak-equivalences for each n > 1.

Using the product structure on K as in Theorem 7.2.1, we obtain a morphism of
motivic spectra KA — KCF{1} in the homotopy category of motivic spectra. This is
equivalent to a morphism K — RQ,quCCf{l} o~ Q’Ci:fICCf{l} in the homotopy category.
Since K is cofibrant and ket KCf{1} is fibrant, this map lifts to a map of motivic spectra
in Spt(C). Taking the adjoint of this map, we conclude that there is a morphism of
motivic spectra

(7.2.1) ¢ KEAKS — K1}

Note that £ is a cofibrant-fibrant motivic spectrum model for the algebraic K-theory.
The above product is a part of the structure of a presheaf of ring spectra on K which
yields a ring structure on K, (X) for each X € Smc.

7.3. Algebraic K-theory as an (s,p)-bispectrum. It is well-known that the above
product structure on the presheaf of spectra K allows one to construct a T-spectrum
that represents the algebraic K-theory in SH(C). For a detailed construction of this,
we refer the reader to [21]. In order to prove the representability of the semi-topological
K-theory in SH(C), we lift this T-spectrum to an (s, p)-bispectrum. We recycle the
construction of the T-spectrum in [47, § 6.2] to construct the following (s, p)-bispectrum
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model for the algebraic K-theory. An (s,t)-bispectrum model for the algebraic K-theory
is constructed in [39].

Lemma 7.3.1. For any X € Smg, the following hold.

(1) Forp>m >0, there is a natural isomorphism [Z5X, K& = Kp_m(X), and
a split exact sequence

0— 28X, K801 = Ky m(PY) = Kp_m(X) — 0.
(2) For0<p<m, [S5X, K00 = 2080 X, K]0 = 0.
Proof. Given any p > 0, the cofiber sequence in SHg1(C) (¢f. [40, Lemma 2.16))
(7.3.1) YRYPX, — NOYP(PL), — BXYEYr X,

and Lemma 3.1.2 give us a long exact sequence

o (SRS X K Kp(B) = Kp(X) = -
where the last map is split by the pull-back via the projection X x P! — X. The first
part of the lemma follows easily from this and the adjoint isomorphisms
[Z.;.OA7K:Cf]A1 i> [A,K:Sf]Al i [A7 Q;nK:'(r:TfL]Al i> [EgnA7K:;:TfL]A1
for any A € Spc,(C). Notice here that K and K& are all motivic (hence object-wise)
fibrant and K is a motivic Q,-spectrum.
To prove the first part of (2), we first use Lemma 3.1.2 and Corollary 3.2.4 to conclude
that for any X € Smyg, there are isomorphisms
[S2X1, Kiplar 2 mp (K5 (X)) = e (K (X)),
where the last term is zero if p —m < 0 since K'(X) is a connective spectrum.
To prove the second part of (2), we use (7.3.1) to get an exact sequence
(S (P )+, K {mYar — SR X0, K mYar = [EXSI8r X4, K {m}]

— [SESR(PY )4, KM {m}]ar.
By Corollary 3.2.4 and the adjointness, this exact sequence is equivalent to
[SEFHPY) 4, Kiplar = [Z2T X1 Kitlar = [958 A Xy, Kpilar — [S2(PY )+, Kitlar.
It follows from (1) and the first part of (2) that the first map in this exact sequence is

surjective and the last term is zero if 0 < p < m. Hence the third term must be zero. [J

Recall that there is a ring isomorphism Ko(C)[t]/(t — 1)* ~ Ko(P§) and it follows
from Lemma 7.3.1 that the element (¢ — 1) = ([O(1)] — [O]) defines a unique element
th € [SYAT, K§ a1, called the Thom class. Since S AT is cofibrant and K{' is motivic
fibrant, this yields a morphism of motivic spaces S* AT — IC‘jf. Equivalently, there is a
morphism 6 : T — QK in Spe, (C).

Definition 7.3.2. We define an (s, p)-bispectrum K218 = {IC?,}Lgn} as the sequence
K= (K, QU {1}, Q2K{2}, - +)
of motivic spectra with the following bonding maps: we apply the natural map Q;AAB —

Qs(ANAB) for A € Spt(C), B € Spc,(C) repeatedly to get the maps of motivic spectra

O 0} AT — QU ) A T) Z9ND an et 1) A QST — QUL (I {n) A KSF)
n+1
BT AN, ontjcet £ 4 1Y,
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Proposition 7.3.3. The (s,p)-bispectrum K& on Smc is an A'-B.G. motivic Qp-
bispectrum, and it represents the algebraic K-theory in SH(C).

Proof. Since K% = QUK {n} for each n > 0, it follows from Corollary 3.2.4 that K2
satisfies the A'-B.G. property.

To show that K8 is a motivic Qp-bispectrum, it suffices to show that the map
lC?,lfn — QTICf,ign 41 between two motivic fibrant pointed motivic spaces is a motivic
Weak—equivalencé for all m,n > 0. For this, it suffices to show using Corollary 3.2.4 and
Lemma 3.1.2 that for every X € Smc and p > 0, the induced map [S5X,, QK 140 —
EEX,, QTQQHIC;’,E 4ni1)al is an isomorphism. Equivalently, it suffices to show that the

map [S5X 4, QPKE T — (SRS X, Qrreet, ] is an isomorphism. Using Corol-

m+n
lary 3.2.4, this is equivalent to showing that the map
(7.3.2) (22X K0 = (525X K

is an isomorphism. However, it follows from Lemma 7.3.1 and the definition of the Thom
class that, for 0 < p < m both these terms are zero, and for p > m > 0 this map is just
the multiplication by the Thom class on the groups

Kp-m(X) = Kp-m(Px, {00} x X)),
which is an isomorphism by the projective bundle formula. The representability now

follows using Theorems 3.4.3, 7.2.1 and Corollary 3.2.1 (see the proof of Theorem 7.4.3).
O

7.4. Representability of semi-topological K-theory. Using the (s,p)-bispectrum
model for the algebraic K-theory, we now prove the representability of the semi-topological
K-theory in motivic homotopy categories.

Proposition 7.4.1. Let K denote the algebraic K-theory motivic spectrum on Smc as
in Theorem 7.2.1. For any X € Sm¢ and p € Z, there is a natural isomorphism

K3H(X) = [£2° X4 [p], K41
In particular, the semi-topological K -theory is representable in SHgi(C).

Proof. This is a direct consequence of Corollary 3.2.1, Theorems 6.1.5, 7.2.1, and (7.1.1).
]

Corollary 7.4.2. For any X € Smc and p > 0, there is a natural isomorphism
K559(X) = [Z2 X4, REvoK™Y) 1.
In particular, the semi-topological K -theory is representable in He(C).

Theorem 7.4.3. For any X € Smc and p € Z, there is a natural isomorphism
(7.4.1) KEt(X) 5 [SPEX o], (k)hest]
In particular, the semi-topological K -theory is representable in SH(C).

Proof. It follows from Theorems 6.2.1, 6.2.3 and Proposition 7.3.3 that the we can replace
(K:alg)host by (]Calg)sst in (741)

Let f : (K¥8)St — [ be a stable motivic fibrant replacement of (K#8)Sst. Then
F = (Fy, Fy,---) is a T-level-wise motivic fibrant motivic Qp-bispectrum. We get the
isomorphisms

(742)  [SFEEXL[), (KU)=] 5 [BRREX ], Fly S [5X ], OF Fl

= B X4 [pl, Fol g -

A
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On the other hand, it follows from Theorems 3.4.3, 6.2.1, and Proposition 7.3.3 that
alg)sst —

*,0

f is a T-level-wise object-wise weak-equivalence. In particular, the map (K
(Kalg)ifg — F} is an object-wise weak-equivalence. Applying this to (7.4.2), we get

1
(743)  [SEXL[p] Foly = [S2X L OCIH)™] | = [Z0X ], ()]
It follows from Theorems 3.1.5, 5.2.2, and 7.2.1 that the maps K35t — (Kfib)sst
(KCF)sst are object-wise weak-equivalences. In particular, the last term in (7.4.3) is
isomorphic to [ESOXJ’_ [p], ICSSt} a1- The theorem now follows from Proposition 7.4.1. [

8. REPRESENTING MORPHIC COHOMOLOGY IN SH(C)

The morphic cohomology for smooth quasi-projective schemes over C was introduced
by Friedlander and Lawson [5]. This is an ordinary cohomology theory that lies between
the motivic cohomology and the singular (topological) cohomology on such schemes. It
was originally defined in terms of the homotopy groups of a certain function space (the
space of algebraic cocycles) but was later identified by Friedlander and Walker in [12]
as the homotopy group of the semi-topologization of the motivic complex of Friedlander
and Suslin (see below). This is a bigraded cohomology theory, denoted by LPHY(X) for
a smooth quasi-projective complex scheme X.

It was shown by Chu [3] that there is an object in Voevodsky’s triangulated cate-
gory of motives DM(C) that represents the morphic cohomology. Our aim is to show
that the morphic cohomology is representable in SH(C) by simply (homotopy) semi-
topologizing the motivic Eilenberg-MacLane spectrum of Voevodsky. The result of Chu
can be deduced from this via the work of Rondigs and Ostveer [41].

8.1. Motivic Eilenberg-MacLane spectrum.

8.1.1. Friedlander-Suslin complex. Given a map f : Z — U of schemes over C and a
point s € U, we shall denote the scheme-theoretic fiber of f over s by Z;.

Definition 8.1.1 ([8, p. 141]). Let » > 0 be an integer and let f : Z — U be a map of
schemes such that every irreducible component of Z dominates a component of U. We
say that Z is equidimensional of relative dimension r over U if for every s € U, we have
either Z, = () or Z, is equidimensional of dimension r.

For X € Schc and U € Smg, let zequi(X,r)(U) be the free abelian group on the
closed integral subschemes Z of X x U that are dominant and equidimensional of relative
dimension r over a component of U.

It is known (see loc. cit.) that zequi(X,r) is a presheaf on Smc, which is in fact an
étale sheaf. Let F' be a presheaf of abelian groups on Smg¢. Let A® be the cosimplicial
scheme given by the algebraic simplices A™ = Spec (Clto, - -+ ,tn])/ (> i ti — 1), where
o (0 < ¢ < n) are the cofaces. For any U € Smg, consider the simplicial abelian
group F(A®* x U). Let C,F(U) be the chain complex (known as the Moore complex) of
abelian groups associated to it, namely, C, F(U) = F(A"™ x U) with differentials given
by the alternating sum of F(9]' x Idy) over 0 < i <n. Then C,F is a presheaf of chain
complexes of abelian groups on Smc.

Definition 8.1.2 ([30, p. 126]). The Friedlander-Suslin motivic complex on Smc is
defined to be ZFS(n) = C,Zequi(A",0) for n > 0.

It is a theorem of Voevodsky [48] that the hypercohomology of Z%(n) are isomorphic
to the motivic cohomology H*(—,Z(x)) and Bloch’s higher Chow groups CH*(—, %) as
functors on Smg¢. In what follows, we shall identify the presheaf of chain complexes of
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abelian groups Z%(n) with the associated presheaf of pointed simplicial abelian groups
(hence an object of Spc,(C)) via the Dold-Kan correspondence.

Remark 8.1.3. The above definition of the Friedlander-Suslin motivic complex differs
from the original definition in [30], where Z%(n) is defined as C, zequi (A", 0)[—2n].

8.1.2. Motivic Eilenberg-MacLane spectrum. Recall ([47, §6.1]) that the motivic Eilenberg-
MacLane spectrum HZ consists of a sequence of pointed simplicial presheaves, whose
n-th level is K(Z(n),2n) = C,L(T") for some functor L, together with the adjoining
map K(Z(n),2n) — QrK(Z(n + 1),2n + 2), that is a motivic weak-equivalence. This
functor L is defined for smooth schemes as follows: for X € Sm¢, L(X) is the presheaf
of abelian groups such that for each U € Smg¢, L(X)(U) is the free abelian group on
the closed irreducible subschemes of U x X that are finite over U and surjective over a
connected component of U. This L extends to all pointed simplicial presheaves on Smc.
Using the isomorphisms 7" ~ P"/P"~! and C,L(A/B) ~ C,L(A)/C,L(B), we see
that K(Z(n),2n) ~ %.
ization) to the presheaf of simplicial abelian groups that corresponds - via Dold-Kan -
to the presheaves of chain complexes of abelian groups C, zequi(A",0) = Z(n). We
conclude that HZ can be regarded as the motivic T-spectrum (Z5(0), ZFS(1),---).

On the other hand, WPE:) is isomorphic (via local-

8.1.3. A'-B.G. property of motivic Eilenberg-MacLane spectrum. In order to apply our
previous results on semi-topologization to represent the morphic cohomology in the stable
motivic homotopy category, we need to know that the presheaves of chain complexes
ZF5(n) satisfy the A'-B.G. property. But this is a known fact. The A'-weak-invariance
part is true by [30, Corollary 2.19]. The B.G. property (which is the Mayer-Vietoris
property for the Nisnevich topology) follows from [44, Proposition 4.3.9] combined with
the proof of the Mayer-Vietoris property for the Zariski topology in [8, Theorem 5.11].
We state this result in the form we need as follows.

Proposition 8.1.4. The motivic complezes ZF%(n) = C Zequi(A™,0) satisfy the Al-
B.G. property on Smc¢ for n > 0.

Recall from § 2.3.2 that for a T-spectrum FE, the associated (s,p)-bispectrum E is
given by XFE = (XFEy, X FEq,---). As a consequence of Proposition 8.1.4, we can
show the following.

Proposition 8.1.5. The (s, p)-bispectrum X°HZ satisfies the following properties.
(1) It is a T-level-wise object-wise Qs-spectrum, i.e., °ZIS(n) is an object-wise
Qg-spectrum for every n > 0.
(2) It is a S'-level-wise motivic Qp-spectrum, i.e., YHZ is a motivic Qp-spectrum
for everyn > 0.
(3) It satisfies the A'-B.G. propertsy.
(4) The properties (1) — (3) also hold for (S°HZ)™.

Proof. Let Z(S) denote the free abelian group on a set S. Recall that given a simplicial
abelian group A and a simplicial set K, there is a standard way of constructing the
simplicial abelian group K ® A, which is the tensor product Z(K,) ®z A, at level n. The
pointed motivic space STAZFS (n) corresponds to the presheaf of simplicial abelian groups
S'® 75 (n) under the Dold-Kan correspondence. It follows from [14, Lemma 4.53] that
»°7ZF3(n) is an object-wise Q -spectrum. This proves (1).

The assertion (2) follows from [47, Theorem 6.2] together with the facts that the
functor g preserves motivic weak-equivalences and the map X4(QrE) = Qp(XE) is
an object-wise weak-equivalence for any pointed motivic space E.
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To show (3), it is equivalent to showing that ¥°Z(n) is A'-B.G. presheaf of spectra
for each n > 0. But this follows immediately from Proposition 8.1.4, the assertion (1),
Corollary 3.3.5 and Theorem 3.1.5.

For (4), the A'-B.G. property of (X°HZ)%* follows from the assertion (3) and The-
orem 6.1.5. In fact, it follows from Proposition 8.1.4 and Theorem 6.1.5 that each

(ZF o (n))SSt is an A'-B.G. presheaf of simplicial abelian groups. We deduce from [14,
Lemma 4.53] that ¥2° (Z% (n))sst is an object-wise Qg-spectrum. The isomorphism
(2s(—))%t ~ 2,(—)%t now implies that (X°HZ)®* is a T-level-wise object-wise 2,-
spectrum. The assertion that it is an Qp-bispectrum follows from the property (2) of
Y.°HZ and Theorem 6.2.1(2). O

Recall that for an (s,p)-bispectrum E = (Ep, E1,---), where each E, is a motivic
spectrum, the (s,p)-bispectrum E{m} is defined by (E,, Emt1,---). It follows from
[16, Lemma 3.8, Theorem 3.9] that E — E{1} := s_FE is a right Quillen endo-functor on
Spt(, ) (C) and there are isomorphisms of endo-functors Y7 ~ LY ~ Rs_ on SH(C).
Also recall from (2.3.3) that there are adjoint functors X3° : SHg1(C) «+» SH(C) : RQF.
As consequences of Proposition 8.1.5, we obtain the following results.

Corollary 8.1.6. For every n > 0, there is an isomorphism in SHgi (C):

sst

22 (ZF9(n))™ ~ ROPEG (SHZ)

Proof. Let f : (£°HZ)™" — F be a stable motivic fibrant replacement of (X°HZ)*.
It follows from Proposition 8.1.5 and Theorem 6.2.1 that f is T-level-wise object-wise
weak-equivalence of A'-B.G. (s, p)-bispectra. This implies that
(8.1.1)

N7 (SFHZ)POS ~ Rs_ (SFHZ)PS ~ F{n} ~ (BPHZ)™ {n} ~ (SFHZ{n})**.

Applying Proposition 8.1.5 and Theorem 6.2.1 once again, we get

ROFTE (EHZ) ~ QF (SPHZ{n})™") = Evg((SPHZ{n})™") ~ (E°27% (n))**,

where the second isomorphism follows from Proposition 8.1.5. Since (34(—))%t =~

Ys(—)%t, the corollary follows. O

Corollary 8.1.7. For every n > 0, there is a canonical isomorphism in SH(C):
(SHEHZ)™™ = £ (ST HZ)P

Proof. Following the notations and proof of Corollary 8.1.6, we get

(DXXHZ)O ~  (RPs_SPHZ)MS ~1 (R°HZ{n})Pest

8.1.2
( ) ~2 (DPHZ{n})™* ~3 yn (SoHZ)ost

The isomorphism ~! follows from Proposition 8.1.5 and Theorem 3.4.3, ~2 follows from
Proposition 8.1.5 and ~2 is shown in (8.1.1). O

Theorem 8.1.8. For any smooth quasi-projective scheme X over C, n > 0 and p € 7Z,
there is an isomorphism

LMH?™P(X) ~ [2%= X, [p], o0 (EEOHZ)hOSt} "

In particular, the morphic cohomology of smooth quasi-projective schemes is representable

in SH(C).
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Proof. Tt follows from (2.3.3) and Corollary 8.1.6 that [2392;@@ [p], =2 (ngHZ)hOS'J}Al

(8.1.3) =~ [Z;X’XJF[p],RQ%OE% (Z?HZ)hosthl ~ [EEOXJF[p],E;?O (ZFSW))SSt}Al .

On the other hand, we have [EEOX+ [p], 2° (ZFS(n))SSt}Al

(8.1.4) zlﬂ,p <2§o (ZFS(n))sst (X)) ':27Tp ((ZFS(n))SSt (X)> ~BLMHP(X),

where the isomorphism ~! follows from Proposition 8.1.5 and Corollary 3.2.1, ~2 follows
from Proposition 8.1.5 and ~3 follows from [12, Corollary 3.5]. We conclude the proof
of the theorem by combining (8.1.3) and (8.1.4). O

8.2. Excision and Localization for morphic cohomology. As a consequence of our
representability of the semi-topological K-theory and the morphic cohomology in SH(C),
we can prove the following Mayer-Vietoris and localization theorems for these cohomol-
ogy theories. For the semi-topological K-theory, this recovers a result of Friedlander-
Walker [11].

Theorem 8.2.1. The morphic cohomology of smooth schemes over C satisfies Nisnevich
descent and localization:
(1) Given a Nisnevich square of smooth schemes as in (3.0.5), there is a long exact
sequence

oo DPVHIW) S LPHY(X) — IPHI(U) @ LPHY(V) — IPHI(W) = -+ |

(2) Given a closed immersion of smooth quasi-projective schemes i : Z — X over C
of codimension d with complement U, there is a long exact sequence

(8.2.1) oo g U) S 2 ged(z) 5 LPHY(X) — LPHYU) — -+
Similar results hold for the semi-topological K -theory.

Proof. We give the proof of the theorem for the morphic cohomology as the other case
is similar using Theorem 7.4.3. Given a Nisnevich square as in (3.0.5), it follows from
[40, Corollary 2.20] that there is a distinguished triangle in SH(C) of the form

DREXW, — DREXU, V EFEPV, = SREPX, 5 SENPW,[1].

The proof of (1) follows by applying [—, (£2°HZ)P*%%],: to this distinguished triangle
and using Theorem 8.1.8.

To prove (2), we first note that given the open immersion j : U — X, there is a

distinguished triangle in SH(C) (c¢f. [40, Lemma 2.16]) of the form

SEERU, - SFEFX, - SFEXX/U - SFECULL].
Furthermore, it follows from [40, Theorem 2.26] that we can replace X/U by the Thom
space Th(Nz,x) of the normal bundle Ny, x of Z in X. Applying [, (Ro°HZ)PosY
to this distinguished triangle and using Theorem 8.1.8, we get a long exact sequence as
in (8.2.1) except that we have Th(N, x ) in place of Z. Thus we are only left with showing
the Thom isomorphism L*H*(Z) = L*H* (Th(Nz/x)) (up to a shift in bidegree).

We recall from [12] that L*H*(—) is a ring cohomology theory for smooth quasi-
projective schemes over C. The projective bundle theorem for the morphic cohomology
(cf. [6]), the natural transformation of cohomology theories H}(—,Z(*)) — L*H*(—),
and the existence of a Chern class theory on the motivic cohomology together imply that
there is a theory of Chern classes in L*H*(—) in the sense of [37, § 3.6] and this implies
the above Thom isomorphism by [37, Theorem 3.35]. O
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8.3. Morphic cohomology of smooth schemes. The definitions of morphic cohomol-
ogy in [5] and [12] assume quasi-projectivity of the underlying scheme. We can redefine
this cohomology theory for any smooth scheme X over C, using the isomorphism proven
in Theorem 8.1.8 via our homotopy semi-topologization functor host on SH(C).

Definition 8.3.1. Given X € Sm¢ , n > 0 and p € Z, we define

(8.3.1) LHHanP(X) = [E%OEEOX-F[])]; E% (2?0HZ)hOSt N

By Theorem 8.1.8, this definition coincides with the original one of the morphic co-

homology for smooth quasi-projective schemes. Moreover, the natural transformation
Id — host of endo-functors on SH(C) and the known isomorphism

HY7P(X,Z(n)) ~ [SFS2 X, [p], SFECHZ)
show that there is a natural transformation of bigraded cohomology theories on Smc:
HP(—,Z(n)) — L"H?P(-).

Using the topological realization functor R¢ : SH(C) — SH (cf. [38, § A.7]), we get a
commutative diagram

(8.3.2) H TP (X, Z(n)) L"H2P(X)

| |

[E X4 [pl, Re (SFHZ)| sy — [B° X [p], Re (S7(HZ)™)]sy.

The isomorphisms R¢(T) ~ S? and Re (HZ) ~ Re ((HZ)SSt) ~ HZcp, show that there
are natural transformations of the cohomology theories on Smc:

(8.3.3) Hy 7P (=, Z(n)) — L"H>P(=) — Han P (=, 7).
8.4. Equivariant morphic cohomology. As another application of the representabil-
ity of the morphic cohomology in SH(C), we can construct a theory of Borel style
equivariant morphic cohomology of smooth schemes with group action as follows.

Let X be a smooth scheme over C with action of a complex linear algebraic group G.
We define the equivariant morphic cohomology of X as

host

(8.4.1) LPHE(X) = [BFE(Xe)+ 20 — q). 5 (SHZ)™|
where X is the motivic space defined in [22, § 2.2]. It turns out that there is a nat-
ural map from the equivariant higher Chow groups to the above equivariant morphic
cohomology which in turn maps to the Borel equivariant singular cohomology. This new
cohomology theory and its applications will appear in more detail in [23].

9. SEMI-TOPOLOGICAL COBORDISM

Recall from [47, § 6.3] that the algebraic cobordism MGL is a T-spectrum of the form
MGL = (MGLg, MGLy, - --), where MGL,, is the motivic Thom space of the universal
rank n vector bundle F, on the Grassmann ind-scheme Gr(n,oc0). The T-spectrum
MGL is also called the motivic Thom spectrum. The associated cohomology theory on
Smc given by the assignment X — MGL”?(X) (see (2.3.4)) is called the (Voevodsky)
algebraic cobordism theory. It is known that this is an oriented bigraded cohomology
theory and is universal among all oriented cohomology theories on Smc.
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9.1. Definition. Using our homotopy semi-topologization host on SH(C), we define
the semi-topological version of the algebraic cobordism as follows.

Definition 9.1.1. The semi-topological Thom spectrum MGLggt is defined to be the
homotopy semi-topologization MGLPSt in SH(C). The associated bigraded cohomology

theory MGLE (=) on Smc is called the semi-topological cobordism.

The natural map MGL — MGLggt in SH(C) defines a natural transformation of
bigraded cohomology theories MGLP?(—) — MGLEI(—) on Sm¢ and it follows from

sst
Theorem 8.1.8 that there is a commutative diagram of cohomology theories

(9.1.1) MGLP9(—) —— MGLEE ()

sst

| |

Hj(=Z(q)) —— LPHI(-).

A result of Hopkins and Morel shows that for any X € Sm¢ and n > 0, there is a
spectral sequence

(9.1.2) EP4(n) = HY (X, Z(n — q)) ©z LT = MGLPT"(X),

where I = ©4<olL? is the Lazard ring. Some also call this spectral sequence, the motivic
Atiyah-Hirzebruch spectral sequence. The result of Hopkins and Morel is still in an
unpublished form to the best of our knowledges. However, based on the lectures of
Hopkins [25], a proof of an essential part of this has now appeared in [17]. Our goal in
this section is to use the ideas of [17], [42], [43] and [49] to produce an analogous spectral
sequence for the semi-topological cobordism.

We recall here that an Atiyah-Hirzebruch type spectral sequence, which relates the
motivic cohomology with the algebraic K-theory of smooth schemes, was earlier con-
structed by Bloch-Lichtenbaum [1] and Friedlander-Suslin [7]. The corresponding spec-
tral sequence for the semi-topological K-theory was obtained by Friedlander-Haesemeyer-
Walker [4].

9.2. The semi-topological spectral sequence. Recall from [43, §3] that there is a
motivic analogue of the Postnikov tower for each E € SH(C) constructed as follows.
Let SH(C)*® ¢ SH(C) be the full localizing triangulated subcategory generated by
NiNIS® X, fori,j € Z, j > 0and X € Smc. For p € Z, let 1, : ¥H.SH(C)*T — SH(C)
be the inclusion. It is known that there is a right adjoint r, of ¢, such that r, o ¢, ~1d
(cf. [40, § 4]). Set f, := tp o rp. There is a natural transformation ppi1 : fp41 — fp-
Thus, we have a sequence of maps

(9.2.1) s fo B B EB B RS ES f I E— . S B

The object s,E is defined to be the cofiber of the map p,41 so that there is for each
p € Z, a distinguished triangle in SH(C):

(9.2.2) fpr1E = foE — spE — (fp E)[1].

The objects s,E are called the slices of E. We say that the spectrum E is effective if
the map f,/ — E is an isomorphism for ¢ < 0.

Lemma 9.2.1. The natural map MGL — HZ induces an isomorphism so MGL = HZ.

Proof. The maps of spectra 1 — MGL — HZ induce the maps of slices sg1 — so MGL —
soHZ. The first map is an isomorphism by [42, Corollary 3.3] and the isomorphism
of the composite map was shown by Voevodsky [49]. We conclude that the second
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map is an isomorphism. The lemma now follows because Voevodsky also showed that
soHZ ~ HZ. ]

The following result follows from [40, Remark 4.2] and [42, Corollary 3.2].

Lemma 9.2.2. We have f, MGL =y MGL for all p < 0 and sp MGL = 0 for all p < 0.
In particular, MGL 1is effective.

Recall that there is a morphism of ring spectra . — MGL. On the other hand,
the natural map MGL — soMGL = HZ (¢f. Lemma 9.2.1) factors as MGL —
MGL ®1(L/L<%) = MGL ®, Z — HZ and the last map is an isomorphism in SH(C) by
Hoyois [17]. It was proven by Spitzweck [42] that this implies the following.

Proposition 9.2.3 ([42, Theorem 4.7]). There is an isomorphism s, MGL = X2 HILP.

Let’s fix X € Smc and n > 0. We write XX as just X and the hom sets [—, —] 41
in SH(C) as just [—, —], for simplicity. Applying host to (9.2.1), (9.2.2) and applying
Lemma 9.2.2, we get the sequences of maps

(9.2.3) - = (fpr1 MGL)POS S (f,E)POSt o o (fLE)POS 5 (foB)POSt = MGLggt,

(9.2.4) (fpr1 MGL)POSt 5 (£, MGL)Post — (5, MGL)Bost — (f,,; MGL)host[1],

where (9.2.4) is a distinguished triangle in SH(C) by Theorem 6.2.3. Applying [X, —]
0 (9.2.4), we obtain an exact sequence

(9.2.5)

[X, (fpe1 MGL)P™] = [X, (f, MGL)"Y] = [X,, (5, MGL)"] = [X, (f,+1 MGL)"**[1]].

We now construct the exact couples needed to produce our semi-topological spectral
sequence (see [31, § 2, Theorem 2.8] for basic formalisms of exact couples and associated
spectral sequences). For p,q € Z and n > 0, define

APA(X, ) i= [X, STHIER( £, MGL)Rost)
Note that the map p;,“’St . (fp MGL)Bost — (f,_1 MGL)P°t induces a natural map
Pp—1,q+1 : APY(X,n) — AP~H4TL(X n). For the slices, we define

EPY(X,n) = [X,SPH80 (s, MGL)host],

So, the exact sequence (9.2.5) gives an exact sequence

APA(X, ) PR Ap—Latl () TR prolatl(x ) PTG qptLa(x )

Set D1(X,n) := @, ,AP9(X,n) and E1(X,n) := @, (EP1(X,n). Write a1 := ®dp_1 g+1,
b1 := ®pp—1,4+1 and c¢1 1= Dyp—1,4+1. This gives an exact couple

Following the usual formalism of exact couples7 we let d; ;== c1o0a; : E1 — E;. By
construction, that (9.2.5) is an exact sequence implies that d% = 0. In particular, (E1,d;)
is a complex. Thus, by repeatedly taking the homology functors, we obtain a spectral
sequence.

For the target of the spectral sequence, let A™ (X, n) := colimy_oc A™™%9(X, n). Since
X is a compact object of SH(C) (cf. [47, Proposition 5.5]), the colimit enters into [—, —]
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so that A™(X,n) = [X, E7 S MGLPOSY] = MGL™ (X) by (9.2.3). The formalism of
exact couples then yields a spectral sequence

(9.2.6) EPY(X,n) = EP1(X,n) = APTI(X,n).
We identify the Ei-terms as
EPY(X,n) =~ [X,X5T7"ER(s, MGL)POSt ]~ [X yhta- ”2” (zp HL?) "%

12

~ [Eg”_p_qX, Zgj—l—” (HLp)hOSt]
o3 [P -(Cnep-a) (X)) @y LP = LM HIPH(X) @7 LA

(9.2.7)

The isomorphism ~! in (9.2.7) follows from Proposition 9.2.3, ~2 follows from Corol-
lary 8.1.7 and (2.3.2), and ~3 follows from Theorem 8.1.8 and (2 3.4).

This F-spectral sequence is actually identical to an Fo-spectral sequence after rein-
dexing. Indeed, let E5 7 (X,n) = L"7 HP' =9 (X) ®z1L9 . We show that this is identical
to the E-spectral sequence of (9.2.6).

For r > 1, the change (p, q) — (p+7,q—7r-+1) transforms (p+n,3p+q,p) into (p+7r-+
n,3p+q+2r+1,p+r). Similarly, for 7’ = r+1, the change (p',¢') — (o' +7',¢ —r'+1)
transforms (n — ¢',p' — ¢, —¢) into (n — ¢ +7" —1,p) —¢ + 27" —1,—¢ +1" - 1) =
(n—q +rp —q +2r+1,—¢ +r). Hence, the equality EF'? = E?,? gives the equalities
p+n=n—q¢,3p+q=p —q¢,p=—¢. This implies that

Ef—&-r,q—r—i—l — Lp+r+nH3p+q+2r+1(X) ®7 L—P—"
Lt Y R (X @y LY T = B
r 9
so indeed the Fq-sequence is now identified to an Es-sequence.

Summarizing what we have shown above and using the diagram (9.1.1), we get the
following semi-topological analogue of the Hopkins-Morel spectral sequence.
Theorem 9.2.4. For X € Smc and n > 0, there is a spectral sequence

EP9(n) = L"9HP9(X) @7 LI = MGLZL™(X).

Moreover, there is morphism of spectral sequences natural in X :

(9.2.8) Hﬁ'qq(X7 Z(n —q)) @z L4 = MGLPHE" (X))
L' 9HP~(X) @7 1L = MGLEL?™(X).

Remark 9.2.5. Using the argument in the construction of the spectral sequence in Theo-
rem 9.2.4 and the isomorphism s, KGL ~ ¥¥.HZ, where KGL is the algebraic K-theory
motivic T-spectrum, one also obtains for any X € Smyc, a spectral sequence

(9.2.9) EPT = L79HPI(X) = K% (X),

which is the spectral-sequence of [4, Theorem 2.10].

If we repeat the arguments in Section 9.2 for MGL smashed with mod I-Moore spec-
trum, and use the fact that the left vertical arrow in (9.2.8) is an isomorphism with finite
coefficients (cf. [13, Theorem 30]), we deduce the following corollary.

Corollary 9.2.6. For X € Smc¢, [ > 1 and p,q € Z, there is a natural isomorphism

MGLP(X,Z/1) — MGL2Y (X, Z/1).

sst
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Using the diagram (9.1.1) and applying [36, Corollary 10.6], we obtain the following.

Corollary 9.2.7. For any X € Smc, there is an isomorphism of graded Lg-modules
MGLZ (X) ®z Q ~ L*Hp(X) @z L.

sst

In particular, the spectral sequence of Theorem 9.2.4 degenerates with the rational coef-
ficients.

Another application of the spectral sequence of Theorem 9.2.4 is the following com-
putation in terms of the algebraic cobordism Q;lg modulo algebraic equivalence defined

n [24]. Using the universal property of Qzlg(—) discussed in ibid., one easily sees that

for each X € Smg, there is a natural map 3, (X) — MGLE(X).

Corollary 9.2.8. The maps L — Q;lg(pt) — MGL2*’*(pt) are isomorphisms.

sst

Proof. The isomorphism of the first map is already shown in [24]. The spectral sequence

above shows that the natural map €, (pt) — MGL?:,;* (pt) is surjective. On the other

23 %

hand, composition with the natural map MGLZ5*(pt) — MU?*(pt) gives an isomorphism
ag(Pt) = MU?**(pt) ~ L by [24]. In particular, the map Q. (pt) — MGL2*(pt) is
injective. This completes the proof. ]

Remark 9.2.9. Tt was shown by Levine [27] that the map Q*(X) — MGL?**(X) is an
isomorphism for any smooth scheme X, where Q*(—) is the algebraic cobordism theory
of Levine and Morel [28]. Using Theorem 9.2.4 and Corollary 9.2.8, probably it is
possible to prove, using the arguments of [27], that the map ), (X) — MGLg:é*(X) is
an isomorphism for all X € Sm¢. But we do not attempt this in this paper.
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